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ABBllEVIATIONS 


aq. B aqueous 

atm. » atnio&phoric or atmoRpbore(fi) 
at. vol. — atomic volume(.s} ' 
at. wt. = atomic \veigiit('<} 

T'' or °K = absolute clogroos of tomi>orapuo 
^ b.p. = Wiling poiutfs) 

er> centigrade degrees of tcmperatJire 


coeff. — coellicicnt 

cone. «= co.icentrated or conceutratioij^ 

dll. dilute 

eq. *= cqui^aloI^t(s) 

f.p. = freezing point(K) 

lu.p. “ melting point(8) 

^ ' Igram molocnlar 
w . (moleeulo(.s) 

mol. lit. “ pioleculat hoat(H) 

mol. vol. = nioleeular voluine(s) 

mol. wU = n^olec.ular \veiglit(R} 

press. =A ptos8nre(s) 

sat. =•• saturated 

solu. =s solution{M) 

sp. gi- -= spocifio gravity (gravities) 

sp. bt. = specific lieat(.s) 

sp. vol. = sjicciHc volumo(H) 

tomp. = tfimpcrature(s) 


vap. — vapour 

In the cross rofCPCnces the first numiier in clarendon typo is the number of the 
volume; the second numher referi^'to the chapter; and the succoeding number refers to the 
“ §.” section. Thus 5, 3d, 124 refers to § i4, chapter 38, volume 5. 

‘ The oxides, hydrides, halides, sulpludes, sulphaltes, carbouatoa, nitiatos, and phosphates 
'are considered with the basic elements; the other eompounds are taken in coniioclion with 
the ocidio element. The double or complex salts in connection with a given element include 
those associated with elements previously discussed. The carbides, sili-Ados, titanides, 
phosphides, arsenides, etc., are considered in connection with carlion, silicon, titanium, etc. 
The intonrihtallic compounds of a given element include those associated witli elements 
^ previously considered. • ' , 

The use of trl&ngUlar diagrams for roprosonting the propertic? of liliree-eomponodt 
systems wjis suggested by G.»G. Stokes (Proc. Hoy. Soc.y AQ. 174, 1891). The method weft 
iaoiffipdiately taken up in many directions and ij has proved of great value. With practice it 
becomes as useful for representing the properties of ternary mixtures as squared paper is for 
binary mixtures. The principle of triangular diagrams is based on the fact that in an equi- 
lateral triangle the sum of the perpendicular distances of any point from the throe sides is 
a constant. Given any three suWtancos A, P, and the composition of iny possible 
combination of these be represented by a point in or on ibe triangle.^ 'Dbe apices of the 

u 



t ABBREVIA'fV)NS 

iritDgla reprCMct the single components A ,*fl, and C, the sides ol the triangle repr.eaent binary 
ntixturea of A and B, H and C, or C and A : and points within the triangle ternary mixture. 
The compositrons of the mixtures can be represented in percentages, or referred to unity, 10, 
eto. In Fig. 1, pure A will be reprcBentod by a point at the apex marked A. If 100 be the 



, ”Kjo. 1. Fi<i. 2. Fiu. 3. 


utandard of reference, the p(^iiit A ropresents KX) per cent, of .1 and nothing else, mixtures 
containing 80 per cent, of A are represetitoil bv tv point on the lino 88, GO per cent, of ^ by a 
point on the lino fiO, etc. Sinwlurly'with Jl and Figs. 3 and 2 respectively. Combine 
PigH. I, 2, and 3 into one diagram by superposition, and Fig 4 results. Any point in this 



Fio. 4.—Standard Keforouco. Triangle. 


diagram, Fig. 4, thus roprosents a ternary mixture. For iiv .aneo, the point M represents a 
mixture containing 20 per cent, of 4, 20 per cent, of JJ, and 60 per cent, of C. 



CHAPTER XXXII 

« 

BORON 

1. The History of Boron 

• 

Under the name Hncal or tivca/, the salt borax was exported to Kuropc from Ontr^l 
As\^, through CoAstantiAople and Venice. It is not known wlien the trade began, 
but it must have been befon^ G. Agricola,' .since borax wa.s mueh used in bisdinie— 
1556. According to J. G. Wallerius, the Arabian Avicenna first described tinear. 
From G. Agricola^s descriptions it is evident that his ‘^ehryaocolla which the 
Moors caU borr'as ” was the same salt ifS that now ealled borax. F. Hoefer says 
that the word borax is derived from an Arabian or Persian word horak, meaning 
white. The Arabians— e.g. Avicenna, Almas'adi, Madoy^s. Alhabib, Dschabir Ibn 
Hajjan, Ibn Hauqual, etc.- -some of the Greek alch(*mi<‘al wriU^rs- e.g. .(oannis in his 
De arte socra—as well as the ehemi.sts of tlie Middle Ages—c./;. A. Libavius, 
A. A. Barba,, etc.—scalk to have included several different saitji—nitrum, natron, 
and borax—under the term bqwrttcon, horarh, hanrak, or haurach ; and when it was 
found that baurach is quite different^from nitre, the term was reserved in Europe 
for the one particular .salt “ which first came from Tibet and India,” and the word 
was soon modified into the present-day term borax. The term haumx is used by 
Kaymund Lully, and 6«wr«c/i by'Rogi'r Bacon. G. Agricola was wrong in many 
of his statements about borax, ftc said that the cfirgsocolla- chrijsos, gold ; colla, 
solder—of the aneients was borax. 

A spurious work attributed to Aristotle, but tliought by J. Huska, and 
• E. 0. von Lippmann to have been written in the ninth century, refers to the use 
of nUron as a flux, and for soldering. Freise reported the ^liscovery at Delos 
of.a crucible used for gold melting, which appeunnl to have once contained molten 
borax. The presence of *boriferous minerals in Asia Minor also imlicates the 
possibility that borax may hav* been known in the East. In the first «i*ntury 
of our era, Pliny referred several times to chry^ocoUa, which he confused witji 
gold solder, a copper ore, and a green pigment. G. Agricola seems to have based 
an opinion on Pliny’s .statement that chrgsocoUa --u.sed as a solder for gold and 
silver—was made from verdigrif, nitrum, and urine ; and he argued that since 
bor^xis used in soldering gold, the two substances must be the same. 0. Agricola 
said: 

Native nitrum is found in the earth or on tlie surface. ... It is from this variety that 
the Venetians make ckryaocolla, which 1 call borax. . . . The second variety of artificial 
nitnim is made at the present day from the native nUrum, cnlle<l by the*ArahS titwar, 
but I call it usually by the Greek name rhnt/eocoUa; it is really the Arabi<- iMjrax. This 
nitrum does Rot decrepitate nor fly out of the fire; however, the native variety swells up 
from within. ^ ^ * 

®G. E. Stahl emphasized that the Venetians did not make borax, j^ut mtber pRrified 
crude tincaL This confusion in the meaning of the word prevailed up to the 
senenteentb century. Paul de Canotanta, who lived in the middle of the fifteenth 
century, referred to the different kinds of i>orax,' and stated that one variety was 
used in fusing, and in soldering the metals. Some extraordinary guesses were made 
near the beginning of the eighteenth century as to the nature of borax. J. Zwelfei 
regarded it as a natural fixed aljiali; G. Homberg, as a $el urinmix mineral and 
J. J. Becher, as a compoimd of the univeraal acid with a vitrifiabl^ earth. ,Thf 
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coniusion was partly the result of <)baervstions on the impure tincal which gave 
on distillation or combustion empyrenmatic and ammoniacal productsMerived from 
organic impurities which were not recognized as accidental and foreign to the salt, 
but were considered to he inherent constituents of borax. • 

From the,behaviout of borax towards alkalies and acids N. Lemery, in 1703, 
inferred thatit contained a *«/ sale. G. E. Stahl (1702), and H. Boerhaave (1732) 
classed borax among the mineral acids. In 1702, 6. Homberg heated borax with 
ferrous fmlphate, and obtained a product, boric acid, which, on account of its 
medicinal properties, was designated sal sedulimm, and it came to be callefl fe sH 
sidalif de Homberg, although (1. llomherg himself gave sal scdalimm—sedative salt — 
many names TC.y. he called it scl volaiil narcolique de vitriol, sel volatil de borax, 

, Jleurs de filriol iihilosophique, sel blanc des akhimisles, and Jteurs de Diane, for ho 
regarded it as a compound of ferrous sulphate. L. Lemery (1728) showed that 
sal seda(iimm could be bl’laincd by treating borax'with acids in place of ferrous 
Bulphafe, and (!. ,1.. Gebftroy (1732) ilecompo.sed borax with sulphuric acid, and 
obtained (i) fe sel sidaiif in the, form of wdiite crystals, and (ii) Glauber’s salt. 
J. F. Henkel had previously obtained an analogous result in 1722. C. J. Geofiroy 
added: . ’ , 


.[e pouvais (lone eoiiclnre que le sel de la amide a beaueoup d’analogia avoc le borax, 
puisqu iisont tons les deux uno terro aeinbtabio it la terra du sol marin (souUo), mais qu’ii 
tuanipio ail sol do sonde [fmi' olro parfademont seinblablo an borax, la torro vitriliablo 
qui est dans eo dernier (boric acid). 

J. II. Pott discovered the more salient projierties of sal sedfdivmu, but he did 
not advance our knowledge of the constitution of borax very far; he called it “ a 
neutral salt composed of vitriol and borax.” lie fbund that the salt imparts a 
green colour to the flame of burning alcohol. I’his coloration led many later chemists 
to asaiime wjongly that copper is an e.ssential constituent of borax. In 1747-8, 
3. Baron published two memoirs de.scribina his Experiences poor servir a Vanalyse 
du borax, and he then' clearly di'scribcd the mrture of borax. He said that sal 
siMmim IS always the same whatever he the acid employed to derive it from borax; 
that borax can be ri-produeed by mixing ml srdnlieum with a sodium salt; and 
that two other kinds of borax min be made by substituting a salt of potassium or 
ammonium m p ace of sodium. He showed that sal sedatieum is not volatile, but 
that It does sublime when healed with water vapour. He regardeil sal sedalivum 
as a new ijiibstance, and showed that, at an elevated temp., it can drive the, acid 
from imtassuim nitrato or from sodium chloride. Jn 1775, U, p, discovered 

sal srdahvtim Homtargn m the waters of the Tuscan lagoons of Monte Rotondo 
dud Ustelmiovo, and found that when treated with mineral alkali, it formed 
borax; this gave him the idea of manufacturing borax from the.waters. 

In the light of present knowledge, T. Baron'* conelnsions seem a satisfactory 
proof that boiax is a eomi.onnd of sal sedativum and the alkali of common salt ’’ 
but his contomporaries were still'puzzled, for, in 1761, L. 0. Cadet raised some 
Ill-founded objeetions to T. Baron s views, and stated his belief that borax contains 
, 3 "’ ; L, C. Bourdelin (1753) assumed that it 

Idd G of muriatic 

acid , H. G. Sage, that phraphoric acid is,present; and L. F. F. von Crell (1799) 

that It contains carbon, T. Bergman was clear enough as to the aetd nature of 
sal sedaitvuet. He said : . 

; Tho subsided yonimonly called scdalive salt is moi® nearly aUied to acids than to anv 
other claOT of bodies. It ^dons btmus ■, and saturates alkalies and soluble earths It 

seemfSlefemhWI^t^fh®^’ ®‘l‘er properties which show its acid nature; and it 

seems better entitled to the name borax acM than to that of sedative salt. 

With the introduction of anti-phlogistic chemistry, the nature of horax became 
hT and called boric or boracic add. In 

bo™ acid and obtained a dark-coloured 
co.mbustible mass at the negative pole, and the foUowing year he obtained a similar 
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product by heatbg potassium with boric acid^ a gold tiibc. Towards the end 
of 1808, he Examined the properties of the dark product, and concluded “ from 
«11 analogy, there is. strong reason to consider the boracic basis as metallic in its 
nature, and I venture to'propose ior it the name of boracium." J. L. Gay Lussao 
and L. J. Thenard decomposed boric acid with potassium on the 2lBt'jf June, 1808. 
They said: 

• • 

Nttus d^signerons par la suite co radical sous le nom do bore, qui ast tiM de calui du 
borax, qt nous dfisignerons I’acido boracique sous celui d’nouio borique pour nous dbnformor 
aux principes des nomenclateurs. Ainsi nous aurons les Irois expressions, 6orf, 
bonUe, entioremont analogues aux trois autros, rarbone, carbonu/ue, carbonate. 

A few years later, 1812, H. Dav}' also stated that boracium is more antlogous to 
carbon than to' any othci* substance, and bonce proposed boron as a more un¬ 
exceptional name.” In 1824,. J. J. Berzelius demoustrated the proportion of 
oxygen present in boric acid. F. Fittioa thought that he had transformed boron 
into silica, but C. Coum-ler showed that the alleged transformation was difc to a 
mal-observation. 

Kr;FlsftENCF.9. 
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I.ugduni Batavoruni, 1732; J. F. Henkel, Flora salurnizanz, l.'*ipzig, 1722; U* F. Hoefer, 
Sojyra tl sale sedativo delUi Toscana, Firenze, 1778 ; Mem. Hoc. Firenze, I, 1775 ; .1. J. HerwliuK, 
Pogg. Ann., 2 113, 1824 ; H. Davy, Thl. Trans., 98. 1, 333. 1808 ; 99. 32, 1809 ; Mcnls of 
Chemical Philosophy, London, 232,1812 ; J. L. Gay iaissac ajid !.». J. Tbdnard, lUcberehrs phy.neo. 
chimiqiies, Paris, 1. 27(5, 1811 ; Nour. Bull. Hoc. Philomath., 10, 1808; Ann. Chim. Phys., (1). 
68. 169, 1808 ; jSoc. Arcucil, 2. 311, 1809 ; J. Zwelfer, Pharinncopccia regia, Vienna, 1(552 ; 
F. Fittica, Chem. Ztg. ', 25. 101, 978, ll^l ; ( 'ouiicler, ib., 26. 977, 1029,1901 ; G. Wallerius, 

De systematibus mineralogiciis, Holmiie, 13, 17(58; B. G. Sago, Mimoires de chhnie, Paris, 1773. 


§ 2. The Occonence of Boron 

Buton does not occur abundantly on the earth, but small quantities are widely 
distributed. ’F. W. Clarke and H. S. Washington estimate that the len-jiiilc crust, 
the hydrosphere, and the atmosphere of the earth contain 0 001 per cent, of Iwroii. 
This element occurs in the form of boric acid and borates, and »an essential con¬ 
stituent of many silicate minerals—e., 7 . tourmaline and datolite. H,A. Rowland * 
says that boron is not revealed in tlic Sjwictrum of the sun. J. Smithson, and 
H. Jay have discussed the occurrence of boric acid in nature ; and C. F. Rammels- 
berg, the general distributioif of the borates. The native borates, borosilicates, 
borosulphate, chloroborates, and borophosphates are : 

« 

8a$»oliie, or sassolin, boric acidj HjBOj; lardereUite, (NH4)|6,0||.4tl|0; borax^ oi 
tinexAf NajB 40 T. 10 H, 0 ; horocakile, heckilite, CaBiOy.lIfjO; paridermar, or priceiib 
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Ca,B,0„.3H,y i wtemmh, C«,B,0,,feH.O; bmmatrocMjt. m vlmte. iU^B,0,.6H,0 1 
H,N«.Ca.(B.O,),.22a,p; C»Na,B,0...7H^; ^ch^. 

3Mr,B,0».2H,0; pinnoite, MgB, 04 - 3 H, 0 ; boromagneftie, or 

Mfl(OH),; pinnoite, MgBjO^.SHjO; kaliborUe, or hetnktte, K,Mg4B„0„.14H,0 or 
hfdroboraeite, CaMgBiO^.eHjO ; boracUe., Mg,B„0«Clj 5 9uh 
phfiiirUe, 4MgBB(),.2Mg.S<)4,7H,(); Hneburgite, MgBA 2MgHP04.7H,0 ; hamberg^te, 
(Be.aH}H 4 'BO? ; jmrnfjemle, AlO.BO, ; rhodizile, K{A 10 ),(B 03 )j ; pinakiolUe, 
(Mg, Mn).0(Bb,)Mn0.; eite^frit^ (Mn, Mg. Zn)BO|OH; lagonite, Fe{B0,),.liH,0 ; 

MgjOlHOjIlKDOj); datvhle, 0a(B.OH).SiO4; howliCe, CaHj(B02),.CaH,8i04: 
hakerite, • HCtiO.bMtOsMiO, i homilUe. Ko{Ca(BO)Si 04 }i ; tourmaline, or ^ echdrl, 
(SiO,),(AlO.BO)l(AIO),(Mg, Fd, Ntt„ 


K. Kilhol {©und ^raco.s of boratoB in bdspar from the Pyrenees, and in pegmatite 
from Ave^ron; K, Bechi, in Italian limestones, travertine, basalt, sandstone, etc.; 
K. T. Wherry and W, If, Chapin, in vesuvianite; B. Diculafait, and C. Noliner, 
m (.'hilioji nitrate depo.sits*; J. B. J, 1). Boussingault, m the^-crater of some volcanoes; 
K. Filhol, and F. P., Venable and J. S. Callison in commercial caustic alkalies; and 
T. Egleston, in the iron ores of Lake Supefior. A. l^acroix and A. de Gramont 
spectroscopii'ally «‘xamtned the ahmuno.silicaL! minerals for traces of boron. 

According to h. Diedafait, G. Forcdihammer, and C. Noliner, borates are con¬ 
tained in .sca-watcr, and in the ashes of marine plants. J. A. Veatch found boric 
acid in the water collected over a submarine ridge along the coast‘of California, 
and he suggested that it had a volcanic origin from submerged sources. The 
existence of borates in sea-wat(‘r i.s exemplified by the borates of the Stassfurt 
deposits described by II. E. Boeke, and W. Biltz and K. Marcus. The Stassfurt 
borates horacite, pinnoite, aseliarite, heintzite, hydroboracite, sulplioborito, 
liinebiirgiti*, <*tc,-- are es.sentially nmgne.siaii, in contra.st with tlie Chilian and 
Californian ileposits where calcium borates &rc dominant. In 1775, U. F. Hoefer 
reported mltSi‘d<ithnini (bori(^ acid) in the wati'rs of Monte Kotondo. Free boric 
acid also occurs in the crater of an cxtinc^ voloano in the Lipari Islands, and in 
the crater of Stroinboli. Volcanic ejecta contaifting boric acid have been reported 
in Nova Scotia, and in Nevada, California. The 8oj[io7d or fumaroles of Pomerance, 
Mam Marittima, (.'astelnuovo di Val di Cecina, and Montieri, all in Tuscany, 
are an important source of boric acid ; jets of steam carrying boric acid emerge 
from the ground, lind sasisolitc, larderellite, licchilite, and lagonite are deposited by 
tlw lagoons in which tln' vapours are condensed. The salts have been analyzed 
by (!. Hchmidt. and (!. M. Kurtz. The average foreign iiiatter in the Tuscan lagoon 
watery in granus per litre, i.s; Total solids, boric acid, 714; ammonium 

sulphate, 0'87. There is some relation between the ammonium salts and the boric 
acid. A. Lacrei.x likewisi' fouiul ammonium chloride and boric acid in Vesuvian 
fumaroles; A. liergeaf, in the volcanic produq^a of Vulcano (Lipari Islands); 
G F. Beeki'r. and II. (J. Hanks, in Borax Lalce (take County, Cal.); in the water 
of the Devil s Inkpot (Vi'llowatone Park); and by E. Cortese, in the hot springs 
of Chaguarama \ alley (Venezuela). This led to the hypothesis—R. Warington, 
H. St. 0. Deviile and F. Wohler, 0. Popp, E. Bechi, etc.—that the boric acid is 
derived from the action of steam on boron nitride. The latter, however, has not 
‘Vet b(*en observed as a mineral speeio.s; and similar remarks apply to J. B. A. Dumas’ 
hyiwthosis, adopt^'d by A. Payen, tliat tin; boric acid is the result of the action of 
stcani on bnrtvi sulphide, a reaction devi.'icd to account for the presence of hydrogen 
^aulphidc in* the gases. i\ A. Bolley suggested that the boric acid is a product 
’of the action of wminonium chloride on borax; E. Bechi, the action of steam and 
carbon dioxid'.*, at 300°, on ‘boriferous se^entine; and E. Perrone, and R. Nasini, 
by the action of steam on tounnalinei *The subject has also been discussed by 

G. d Acbiardi, H. St. C. Deviile and F. Leblanc, F. Fouque and H. Gorceix, and 

H. Cx)quand. The borates of Esmeralda County, Nevada, and of Inyo and San 
Bernardino Counties, in Death Valley, in the basin of the Araargosa River, etc.— 
e.^.'Searles Borax Lake—arc represented by the predominant calcium salts, ulezite 
and colemanft^, as well as by some borax.^ 
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W. D. Dennis has described the borax'deposits of Lake Alvord in Harney County, 
Oregon. Arid regions containing sodium nitrate occur near the borate deposits of 
^South California and ulexite occurs near the nitre deposits of Tarapaea and Atacama 
(South America) The calcium salt is the predominant borate in the de{>o 8 its 
near Iquique, the Cordilleras of Coquimbo,* and the Taltal district; 'and 
R. T. Chamberlin lias noted that the borax lake of Ascotan derivf's ita boratt‘K 
from the leachings from adjacent volcanoes. J. Kyle described the deposits in 
Salta and Catamarca; II. Buttgenbach, the Salinas Grandos, Province pf Jujuy, 
Argentine ; F. Reichert, the Argentine borates ; and'A. Jockaniowitz. tlie Salinas 
Lagoon, Arequipa, Peru. W. S. Vernadsky and S. P. Popoff described the borax 
deposits near the Sea of Azov, Kerch peninsula. 11. von ScMagintweit described 
the great borax dejwsits^of Puga Valley, Ladak, Tibet. He said that*the borax 
is a deposit from hot springs at a temp, betwee^n 54^^ and 58®, and situated over 
15,000 feet above sea-level. The saline mas-s is said to contain free born; .^cid an^ 
sulphur, and a little saft, ammonium chloride, magnesiuiii gulphatc, amj alum, 
but no ulexite. The Nova Scotia deposits, described by H. How, are supposed to 
be marine, but the total absence of magnesium is not in accord therewith, for, 
as V. W. Clarke has shown, marine dejwsits usually contain magnesium borates; 
iake-bed deposits contain calcium borates with nitrates near by, wliilo borates 
from volcanib waters and fumaroles yield some ammonium eompounds. 

Small quantities of borates have been reported to occur in many mineral waters 
and springs—c.^. in Aachen, by It. Wildenstein ^; at Wiesbaden, Helilangenbad, 
Krankenheil, and Wcilbach (Nassau), by 0. It. Fresenius, and G. C. Wittstcin ; at 
Schinznach and Bex (Switzerland), by S. Baup, and L. Dieulafait; at Vic.hy, etc., 
by H. Fonzes-Diacon and M? Fabre, wliero the amount increasi'd with tlie temp, 
of the spring; at Salzmatt, hy A. Bocharnp, and L. R. Lecanu; at Sulhacli, ])y 
0. Oppermann ; at Ithodisfort, by 11. Gotti; at Kissiugen, by J. Vtfii Liebig ; at 
Orb, by F. Rummel; at Soden (Si^pssart), by F. Moldenhauer; at Olotte, l)y 
J. Boois; at Bagn6res-de-Lucho^i, Barbges, Cauterets, Bonnes, and Labanere in 
the Pyrenees, by E. Filhol; at Curset, Hauterive, St. Yorre, Vuisse, and Vh-hy by 
J. Bouquet; at Plombibres, by 0. Henry and M. Lheriticr; in most mineral waters 
of Central France, by F, Parmenticr; at Montccatini (Tuscany), by L. Dieplafait; 
in North Africa, by L. Dieulafait; at White Island (New ZealantJ), by 0. du iVnb'il; 
in the mud volcanos of the Colorado District, San Diego County, as well as in»the 
waters of several mineral springs in Tehama County, California, by J.*A. Veatch ; 
and in Rohat, by A. Carnot. « , 

E. Hotter,5 H. Agulhon, and H. Jay have discussed the occurrence of^ boric 
acid in the vegetable kingdom, and in various kinds of fruit; and A. H. Smith, in 
food stufifs. G. Baumert, P. S^tsien, J. Dugast, M. Bertainchaud and E. Gauvry 
M. Ripper, S. Wemwurm, A. ttessend, F. Schaifer, and K, Azzarello found boric 
acid normally present in wines; J. Brand, ^iu hops, and hence, also in beer; 
G. C. Wittstcin and F, Apoiger, in the seeds of the maasa yicta ; E. 0. von Lippmann, 
beet root; C. A. Crampton, water melon; E. Bechi, the beeches of luscany; 
A. Gassend, pepper; P. Kulisch, apples ; E. Deltour, in almonds, molasses, chicor)*, 
acorns, mountain-ash berries, white wines, Bordeaux wines, and kuit tiyrups; 
apples, pears, currants, raspberries, and'chorries. According to A. H. Smith, dates 
showed the largest proportion of boric acid, and prunes came n<*xt. ^Th^ percentage 
amounts were: dates, 0 0299; dried peaches, 00(565; dried apricots, 0’50216 ; 
prunes, 0 (X)792 ; figs, 0 0039 ; and raisins, 0 0049. Boric acid has also been found 
in parsnips, carrots, ranunculacece, radishes, angelica, and peonies; E* 0. von Lipp- 
mann, and A. Hcbebrand also reported*boric acid in various fruit juices—lemons, 
oranges, etc. A. Gassend said boric acid is never found in tea, or saffron; but 
E, Deltour found it in fern leaves, tomatoes, ergot, potatoes, tobacco, straw, pepper, 
beer, vinegar, milk, vines, corn, coffee, and grass. E. Eckenroth, E. G. Clayton, 
E. Deltour, and A. Gassend said that boric acid is not a normal constituent of 
milk. E. Deltour found no borjp acid in the bones of fowls, 6 t» in egg-shqjls. 
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• 

K. Fischer found boric acid in. fciany varieties of parchment. A. H. Smith 
found O WtOd'J per cent, of boric acid in sausages; the salt in whfbh the meat 
was cured contained O'OOOf.'i-O'nOOTT per cent, of boric acid. He added that those* 
results show that in some of our common fruits, probably in meat, and. certainly 
in common salt,there are minute though measurable quantities of boric acid occurring 
naturally. llowever. it does not seem probable that these amounts of boric acid 
could injure the persona eating (die foods. 0. Bertrand and H. Agulhon examined 
about thirty species of animals, and concluded that boron exists normally in very 
small proportions, 1 part in fbo,000,000 parts of living matter. It is most abundant 
in animals of marine origin. It was detected in the hair, horns, bones, liver, and 
muscles 
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‘ J, Smithson, (hllirrl'ii .<«»., 43. 331,1813 ; It. Jay, Compl. Renit., 121. 98«, 1895 ; A. Ucroix, 
III., 147.1111, 1008; K.KilhoI, ili., 36. 229, 1803; L. Dieiilafait, ib., 98. 1646, 1884 ; 93. 224 
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1880; Hull. Me. hid. J/iii., 3, 329, 1858; Alii Arad. Jinrei, (3), 2. 514, 1878 ; ('. Niillner Journ 
imH.rhem.,(l) 102. 403, 1837 ; Xeil. dm.. (2), 2. 89, 1800 ; F. 1>. Venable and J. S. Callison; 
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I ridr. 4li». 5;il 1910; W, Bilt/, ami H. Marcus, ZfiC, n,mg. dmt., 72. 302,1011; U. P Hneler' 
'n ' 'J''™'- Ann., 98. 273, 18.60;' 

1848 T’ *■’ I*®' ***“•*! !’• ill., 68. 12,6, 

« I **■■* 1 >’“I>1'. Ann. Rupp!., 8. 5, 1870 ; 

. Wariiinlm, d/Kill. 'Inr., 12. 419, 18.64; A. Payon, Ann. Vhim. Phy.e., (3), 1, 247, 1841 ; 
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H.Usinand Bnlt.Ser.l;W (2) 6.91,1849;A.Bergcat,ZfB.pr(,W.6W. 

1881 ^ !-?****o.* **' *’■ Mincmlogisl, (California, 3. 1, 

p w’c'lir’rr !;;'', **=• «i«- joL:, 78, 741 , i904 

'VaslnnKt.m, 237, 1920 ; P, VV. Clarke and II. S, Washing- 
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ib (21 16 Vl 1863 . A V "■ 41.243,1891 ; J.U Smith, 
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ml rs ‘’“'"I'latl, Rail. I/.S. OV«I.’snr„ 200, 1902 ; 2^^’ 

1888' II dcCroit 4 • ill., .i80, 1914 ; h. A. (ioiich and j. E. Whitlicid, i6.. 47, 

123 isiio Ml 3 75 fr.'"- 425, 1900; J H, Pratt, ib.. (4), i. 

Min S’ is ’353 iiv ! 'w' I n ^ T ’‘ f' (3), 20,217,1905 ; W. B. Giles, 

RmI: iWMia 19 ’l u ■ l«?; ’■ ' TT’ f - ’'S- SS'i '“2 1 A. B, do Schulten, 

1870 ; A. Roho’ttum ib' 32 280 iTo* A'ems, 21. 90, 

Mag. l4?36'?M8lr'm'’!17V-n '’ra-^^ 216,1844; H. How, ,b.. (2), 32. 9,1801; Phil. 

247 11121 - H von Sohlalintw/s’i Washington, 

1900 ; K. T, (Viamhcrlin Jouri !’w' iif’- m 'Ui V' ll““P*'‘.Vi D<» Departement Taltal, Berlin, 

liJ9 18to • H A ' 403 , 1911 ; J. J. Kyle, d 4 nn. iJfcw;. Cienf. j 4 rjren(i?w, 10. 

W. S VernadskWand 8 'p Po.^'n’ !l“«'»ien(<M de botaXm, Buenos Aires, 1907 ; 

lVjfilr"“r49 im ' ’ A- Jeekamowitx, Jtol. Cimrjx) 

39 229 “ ^«2| 1««. 1014- '240,1885; J. Bonis, .5., 

WamnMdM’F^bw^ft Tm IMMou’ ‘ it-. 113. 41,1891; H. Fonxes- 

(3). 42. 278,4ii54 • R.1vUd“„sW ’, ’ prnlTlt; nf M tof 1 ^^^^^ ' 

tKarm. »wi.. (3). 23. 43, 1863 ; 0. Heniy and j«. UMer, ft., (3), 28. 333, 408,1856 j 
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L. R. Lecanu, (3), 24.22,1853; Compt. Reitd., 38. #80,1863 ; 0. C. Wittstoin aad F. Apoigor, 
Liebig's ./lnn.,i03. 362,1867; G. C. Wittstein, Viertelj. praht. PAflm., 2. 42,1863; F. Kummel, 
ib., 5. 544, 1856; H. Gotti, ib., 4. 192, 1855 ; 5. 161, 1856; Arch. Pkm., (2), S4. 179, 1856; 

• C. Oppermann, Neues Jahrh. Mxn., 184, ISM; C. du Ponteil, Liebig's .4h»., 96. 193, IW5; 

J. von Xioibig. ib-, 98. 145, ISTO ; F. Moldenhauer, ib., 97. 353, 1850 ; J. A. Veatoh iVoc. Cali- 
'ornia Acad. Sdexice, 2. 7, 1859; Pfiil. Mag., (4), 18. 323, 1860; A. Carnot, Btr., 12. 2150,4879. 

® E. Hotter, Landw. Versuchsstat., 37. 437, 1890; Zeit. Nahr. Hyg. H'a|r., 9. 1. 1895; 

K. Fischer, Zeit. Unfers. Nahr. Genuss., 8. 417, 1904; A. Hebobrand, ib., 5. 1044, 1002; 
H. Agulhon, Hcckerckes sur la presence H le rCle du bore chez^es r^ilaur, Laval, 1910; G. Batfuiert, 
Ber., 21. 3290,1888 i Pharm. Zig., 33. 708,1888; P. SolUicii, tb., S3. 312, 1888; K. Eckenrotli. 
t6., 84.* 122, 1889; M. Bertainchatid and E. Gauvry, ylwn. fhun. Pure App., 16.179, 1910; 

M. Ripper, H'c»w6flu Wcinhandel, 6. 331, 1888; A. H. Sinith, Ohio Jowfw. iSV»V«ce, 17. 00, 
1910; S. Weinwurm, Zeit. Nach. Uyg. IFanr., k 180, 1889; A. GatuM'iid, Boll. Vhxm. Pkarnx., 
5.01,1891 ; E Azzarello, Gazz. ('him. Hal., 36. u, 575, l‘.K)0; F. Schaffer, tichwK. IForAa. 

50. 478,1902; E. G. Clayton^.! Jwd.V.vf, 24. 141,1899; J. Brand. Zeit. Gee. Brauw., 1ft 420,1892 ; 
(}. <‘. Wittstein and F. Apoigor, Liebig's Ann., 103. 302, 1857; J. Dugast, Coxixpt. Jlmd., 180. 
838, 1910 ; H. Jay, ib., 121. 890, 4895 ; G. Bertrand and 11. Agvllion. xb., 155. 248, 1912 ; 166. 
732.1913; E. 0. vonLi|)pnmnn,Bcr.,2i. 3492,1888; ('him. Ztg.,2A.M\i‘), 1902; C. A.Crainpton, 
ib., 22. 1072,1889 ; K. Bechl, Bull. Boc. (.'him., (3). 3. 122,1890 ; P. Knllsch, Zeit. nngex^. ('hem., 
6. 473,1893; E. Filhol. Coxnpl. Hend., 36. 229, 1803; E. Deltour, Bev. Inlmuit. Fahific., 6. 157, 
1893. 


§ 3. Boron 

lu 1808, J. L. Gay Liissac and E. J. Thenard ^ prepared impure boron I)y fusing 
))oric acid, mixing the powdon'd vitreous product with potassium, and heating 
the mixture to rednes.s in a tube of iron, copix'r, platinum, or glass. The proiluct 
was boiled with dil. hydrochlprie acid ; washed with water; and dried at a gentle 
heat. According to J. J. Berzelius, if the glassy boric acid is not tliorougbly freeil 
from water, the reaction will be attended by detonation or spurting. The product 
is amorphous or colloidal, and a.s the. potassium salt is removed by washing, the 
boron nuuains suspended in the Vatt‘i in so line a stak; of subdivi.sion that it runs 
through the filter paper, and,continued Berzelius, “it even dissolves in the water 
to which it imparts a slight yellow colour.” The presence of salts or acids ]>revent8 
tlie comminution of the boron in the water, and he therefore recommended washing 
the product with a soln. of ammonium chloride, and removing the iattiT with 
alcohol. ]J. Ileiiiitzer, and R. Lorenz also showed that some^olid boron hydride 
is formed in the process; and H. Moissan added that if the operation is i“oiKlw^ted 
in metal tubes—copper, iron, gold, or platinum—the metal is attacked and the 
product is correspondingly contaminated. 11. Davy, and R. I). Thomson epjployed 
a similar process. In place of j)otassium as a reducing agent F. Wcihler and 
H. St. C. Deville used sodium in the presence of sodium chloride. H. Moissan 
analyzed the products ohiainetkfi) h)'' J. B. Gay Lussac and L. J. Thenard's process 
as well as (ii) by F. Wohler anft II. St. 0. Doville’s process and heated in vacuo ; 
(iii) the same after washing in boiling hydrochloric acid ; and (iv) after a prolonged 
treatment with water: 



]i 
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iC 
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(') • 
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— ^ 99-68 

7 61 

10-34 

2-26 

4-10 

— -.t 99-11 


This shows that the products by these processes arc very impure, JJceorJing to 

N. 4 . Orlofi, a sample of commercial boron contained glassy gra»ules*of boric oxid?, 
a little into, and 9'07 per cent, of water corresponding with 20'83 per cent, of boric 


J, J, Berzelius reduced potassium borofluoridc with potassium, F, Wdbler and 
H. St. C. Deville, and A, Gc’uther used magnesium ; according to H, Moissan, the 


product contains: 

B HjBO, • K F» BN 

61'16 23-07 , 600 308 8-7S±»203 
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J. W. Dobereinor claimed to redbccd calcined borax with carbon, but 
neither L. Otiiclin, nor A. I’leischl were able to confirm this result; L.'Gattermann, ■ 
C. Winkler, F. Jones, T. L. Pbipson, and H. C. C, Maisch reduced calcined bora^t 
or boric acid with magnesium; F. Wohler and H. St. C. Deville, L. Franck, 

K. A. Kiiline, 0. Honigsehmid, F. E. Weston and H. R. Ellis, and H. Goldschmidt 
used alumimtim as reducing agent; H. Moissan reduced boric oxide, or boron 
btoijiide or nitridir with calcium, but A, Stock and W. Holle found the product 
is calciujri boride not boron. A. C. Vournasos reduced the oxide with sodium 
formate * and C. Dragendorff reduced calcined borax with red phosphorus. 
H. N. Warren reduced a mixture of boric oxide and magnesium sodium chloride 
with sodium. , 

^ .Aceorrting to Il.'Moissan, when boric anhydride is heated with the theoretical 
quantity or an exce.ss of magnesium, reduction takes'place with formation of 
ifiagnesium b<irides. The author finds that if the bofic anhydride is in considerable 
excess (rifferent results' are obtained. There are two magnesium borides, one 
unstabh! and (leeom|iosed by water with libemtion of hydrogen and boron hydride, 
the other stable ami not atfeeted by water, hydrochloric acid, or nitric acid. To' 
pnspare amorphou.s boron, II. Moissan recijmmended the following process: 

Sovcnly gmia. of liooly |jowdeiwl magnosium, tree from iron and silicon, were intimately 
ST,""5' “hydride. The mixture was heated to 

•J'ho'’,!.no "r™ ““d m a few minutes an energetic reaction took place. 

rz I ,1 treated for « long time with snocessive quantities 

wJ ll w , ^ i ' r"’ ™“hcd will, water, and with alcoholic potil., again 
dte, i, heurs with l.ydroiluonc ac.d, washed with water, and 

tnl" ‘I, oi."'",','' "hieh does not alter ihen 

am i 21 iT, or . :,o '’f ‘■''■“i,” 2-3 to T75 per cent, of magnesium, 

ric , llEl, ''.'•■'"'"hh' matter. II tins prod.ict is fused witli 50 times its weight 

of hone anl.ydiide, and ll.c product treated in tl.e same way us the original nroduct a 
“'’h““»d «>ntuinmg only trucks of mognesiurn. One priluct TOntained 
r rCn i, ffthoboronisroquireilporfectte 

iXder^l S «h tmis lx, effected m a croeible brusqued witl. a mixture of finely 
iii, r,mhv ; m; ""'r" i 92'6 m 99-2 per cent, of 

atmosohere of IivU^ ““hiccd by magnesium in porcelain dishes in an 

losplure ol liydrogen, ami a very pure [iroduct is obtained, but the yield is small. 

ma.M,;!lM,^i “'‘1 by reducing boric acid with 

0 tC anf m 1'" ‘“'it. of boron, and.8 per cent of magnesium, 

umdec^d !• r 1 vVl T1 of ft'^ed boric oxide 

wT c In ^ ‘™b>oride by electrically boated iron 

wire. Utdiulion progresses at 800° and the teinp. vrL raised to 1400° The 

weld into a.'.mq,act mas.,, ‘ ' 

mixtureirb!^!^ ^In'llc'whh'sqt “r '’"T ® 

wA<thtTHft tKn * 1 I ^ of magnesium pow(fer to redness * 

dd..hyLchloric acid; boiling the 

Mmo montfiT-Thl‘c llT''““d“m“blpt^md 

remoyThnS Th^Won and potassium fluoride. The Utter is 

rauoyia ny wasmng. the boron thus prepared ctmtaiued 0'4 ner cent of silicon 

S.G.?awsoncp.pIoycdasimi!arreactJ. J. B.^:Dum:sXe^^d 
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hydrated boron chloride with hydrogen at a M heat; A. Season and L. Fournier 
exposed a mtxture of boron chloride and hydrogen to the silent electrical discharge; 
.and H. Qustavsou, distilled boron chloride over sodiuni at 150®. E. Weintraub 
reduced p mixture of the vapour of boron trichloride with hydrogen in a high- 
tension electric arc, between copper poles beneath the liquid or in the gas. * The 
reaction was studied by J. N. Pring and W. Fielding, and by A. Besson and 
L. Fournier. F. Meyer and R. Zappner prei)arcd ft from boron bromide, which was 
boiled^in a small bulb directly attached to a largo bulb holding the oleetmdes, and 
this bulb was attached to a reflux condenser whicii returned tlie unuttaeked bromide 
to the vaporization flask. The tension of tln^ current was 100,(XX» volts, and 
equilibrium was established in about live hours. A. Ji. Warth reduced boron 
trichloride with hydrog^ in the presence of a glowing tungsten lament at , 
1300 -1850 , and obtained a deposit of boron of a liigli degree of purity. 

B. Springfeldt obtaiyed boron by heating the nitride, llN, to 1500'' gr 2000*^; 
and A. C. Vournasos reduced the nitride by heating it with sgdium formal^', when 
amorphous boron, ammonia, and bordn hydride are formed. A. Besson stated that 
in preparing boron iodide by the action of hydrogen iodWe on H. St. Deville 
and F. Wohler’s amorphous boron, only a small portion is attacked, ami he postulates 
that this represents a more active varieiij of boron than the remainder; hut II. Moissan 
stated that this active boron is probably a inixtun* of iron ami sodium borides. 

H. Davy prepared impure boron by the electrolysis of moist boric acid. 
W. Hampe electrolyzed fused borax, and found that th<‘ sodium {)roduc<‘d at the 
cathode immediately reduces the l)oric acid, forming boron. A carbon crucible was 
used with a platinum rod as anode, and a pencil of rt'tort carbon as cathode. The 
product more or less crystalline is contaminated with carbon. U. Mokssan, how(^v«T, 
found that when a current of 35 antps. is passed through boric anhydrale mixed 
with 20 per cent, of borax, and heated to 1200 ®, boron is liberated, but it immediat<*ly 
recombines with oxygen, with wivid, incandesconee. G. Gore, A. Stuhier and 
J. J. Elbert, and A. Z. Hartmhnn have made some 
observations on this subject. E. Weintraub, and 
F. C. Ray showed that the amorphous boron prepared 
by H. Moissan's j)rocess contains several per cent, of 
oxygen; so also does the product obtained by tlie 
electrolysis of fused borax. As muclj as Ifl per c*!nt. 
oxygen has been reported# E. Weintraub also showed 
that in the magnesium reduction process, boron is 
easily obtained free from magnesium if a higher tem}>. 
be employed for the reduction than was the case in 
H. Moissan’s experimente. P.iC. Ray purified boron 
by heating to redness the anforphous powder with 
an excess of sodium or magnesium in a stream of 
hydrogen. In the former case magnesium boride is 
formed and decomposed. The product is extracted 
successively with water, hydrochloric acid, and warm 
40 per cent, nitric acid. According to E. Weintraub, 
magnesium^boride, nitride, and the product contami¬ 
nated with oxide ail decomposed when heated in vacuo, 
the change is appreciable at 1200 ®, and is rapid* at 
1500®; This dissociation enables the amorphous and 
less pure varieties of boron to be readily purified. 

E. Weintraub placed the powder in t water-cooled fio. 1 .—E. Wolntraub’s 
copper cup, which formed on^ electrode of an arc, the Mercury Arc Furnace, 
other electrode was of copper. The heating is con¬ 
ducted in vacuo or in hydrogen; and E. Tiede and E. Birnbrauer heated the 
impuie boron by focussing the •cathode rays on the powder. E. Weintraub* also 
purified boron by compressing powder into a D, Fig. l; mounted aiwa 
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carbon bolder, C, to which a lead Ris attached. Thia arrangement ia placed inaide 
a glasa veaacl A. The apparatiia ia filled with hydrogen via M, or evacuated via N. 
Mercury ia introduced via E until the end of D ia just covered; hydrogen ia admitted, 
to 2'6-l.’i cma, prcaa,, and the electi-odea 11 and K connected to the source of current. 
Mercury is ru^into G until the end of I) is just clear of mercury in the lower part of R. 
An arc is formed between the boron and the mercury in F. The end of D melts 
and falls off, and as the rod D Shortens more mercury is run from E to maintain 
the arc. •The bottomleas aliyidum cup L serves to prevent the arc straying to the 
gla.ss. * 

E. Wdhhir and H. St. C. Deville reported the existence of black and yellowish 
forms of cjystitlline boron which they designated respectively hon firaphitoide, and 
• bore They prepared the crystals in long prismatic needles by melting 

together boric anhydridp ond aluminium in a grapWte crucible; and by packing 
a fireclay-crucible with amorphous boron, and inserting an^luminium rod in a hole, 
bored ia the powder- The crueible ia then coveted with its lid, and packed inside 
a larger crucible with pow-dered carbon. The whole ia heated white hot. The boron 
dis.aolves in the moltr-n aluminium, and crystalline boron separates out as the metal 
cools, h. Wohler and H. St. C. Deville recognized that the crystals always contain 
carbon and aluminium, but they regarded the presence, of these elements as accidental 
impurities. W. llaiupc, lyrd A. July have shown that these elements arc essential 
constituents of crystallim; boron. W. Hampe said the composition is B 4 gCoAl 3 . 
fi. lliltz obtained tt,Al 3 ll 44 for the yellowish crystals. He separated them from 
the bhu-k crystals by flotation in a mixture of methylene iodide and benzene. A. Joly 
stated that among the ])roducts of the redm-tion of boric anhydride by aluminium 
in the prcs<'uee of carbon, there arc (i) goldeiMcllow fiexagonal jilates of aluminium 
boride, AIB., described by F. Wohler and H. f?t, 0. Deville and at one time thought 
to be graphiteudal boron ; (ii) black plates of aluminium boride, AIB^, described 
by W. Hampe; (iii) yellow (piadratic cryntals tif adamantine lustre containing 
(arbon and aluminium; and (iv) hard black cry.stals of a boron carbidi-, or more 
probably of several carbides, formed by the alteration of the preceding comjmunds 
at a high temp,, m the presence of carbon and an excess of boric anhydride. 
Ihe Bntish Ihomson-Houston (V. used the aluminium reduction process for 
jireparing boron fun the treatment of copper. K. A. Kuhne prepan-d crystalline 
bordn by heating boric acid with aliiiiiiiiiiim turnings and sulphur, and treating the 
cold mass w(t.h water. The aluminium sulphide ia decomposed, while the crystalline 
boron ranuiina intact. H. Biltz found the crystals to be aluminium boride, AIB., 

. The phjTO^ properties of boroU. -Most of our knowledge of the physical 
properties of boron has been obtained from very impure samples. J. L. Gay Lussac 
am 1,. .1, Theiiard a ,,roduet was a dark greenisl.brown or olive-green powder, 
without smell or taste. H. Moissan s amorphous bofon is pale brown, greyish-brown, 
or a bright niaroon-coloured powdyr which stains the fingers, and can be readily 
conmressed into a coke. The powder is without any recognizable crystalline, form, 
ru,l “ fused boron resembled black diamonds; it takes a good polish ; 

and It a conchoidal fracture with no recognizable inierocrystalline form. F. Meyer 

and ’a t '■on''- sulphuric acid. JI, Moissan 

and E. Weintranb,2 34 for the specific 
Sd T T T) “S'!;.'■ K'*™ d-373 for the sp. vol. J. L. Gay Lussac 

KtheHL^th ' f 1“”*' 1 ds hardness is 

wheel f « y “fi "‘adily “1 tlic carborundum 

wheeb J. R. R^berg placed its hardness as 9-5 on his scale. A. H. AVarth said 

bne ro T compressibility, accord¬ 

ing to T. W. Richards, is 0 3 x 10-« per atm. at 20°. 

hatteK^^nfS^-R “‘^ ,“*** ‘““Hdious boron readily melts between the poles of a 

nelting point is lower than that of 
silfcob, and thSt its VtfiaUlity is greater than that^lement, but J. L. Gay Lussac and 
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L. J. Tli^nard could neither iftelt ndr volatili^-amorphous boron at the strougest 
white heat hvailable. E. Tiedo and E. Blrnbrauer melted boron in vacuo in a 
cathode ray furnace at 2200°. W. Guertler and M. Pirani gave 2400° for the m.p. 
of boron., W. R. Mott gave 2500° for an approxirnation to the m.p., and 2300° for the 
boiling point. E. Wohler and H. St. 0. Deville said that boron is sightly volatile 
at the m.p. of nickel, and that its colour changes by heating it to a very high temp. 
H. Moissan said that amorphous boron shrinks Slightly, and increases in density 
when heated to 1500° in an atm. of hydrogen : and tlyit when placed in the electric 
arc, amorphous boron becomes red, and is surrounded by une. grande aureole verfe, 
but it shows no signs of fusion, and at the oonclasion of the experiniei»t, the ends 
of the carbon electrode have much boron (-arbide. E. lVeintraul|| however, 
showed that boron can b^^ readily fused at atm. press, or in vacuo. E. Tiisle and 
E. Birnbrauer gave 22(10° for the m.])., and E. Weinlraxib,.28(X)°. Boron begins to 
vaporize below its m.pv and the vap. is ap])reciable at 1200°. -H. Kopp 
gave 0'254 for the specific heat of boron ; these -numbers show that boaon does 
not obey Dulong and Petit's rule as was observed by If. V. Kegnault. H. Moissan 
and H. Gautier found the sp. lit. over 0°, and K. Kqref below 0°, witli the following 
results: ♦ * 

-191'* to-"S'^ -79Mo0^ 0“ to 109’ 100’tn 192-3’ 192Mo 2:14’ 

Sp. ht. .. . 0-0707 0-l(;77 0 3060 0-377(5 0-3.143 

At. ht. . . 0-778 1-838 3-372 • t-l.'iS 4^00 

The sp. ht. rises with temp., and by extrapolation, II. Moi.ssan and if. GaiHier infer 
that tlie at. ht. will bo about C -1 at 4(X)''. A. Wigand, G. Sclimidt, K. van Aubel, 
and K. Michaud have also discussed tie* (pie.stion vide Fig. 7, 1. 13, 12. 
According to L. Troost and'P. Hautefouille, the heat of combination of boron 
witli oxygen i.s 14-42 Cals, per grafn, or iriH-ft Gals. ])er i‘((.; M. Berthelot gave 
(B, |03)-~JB2034-15G'3 Cals. Some idea of its atliiiity for some other elements 
may be gatliered from the hoatsof formation witli Ul, witli 

F * JO Cl nr is 

Cals. . . 78-3 43-4 31-1 144 13-8 

J. H. Gladstone gave 4 0 for the refraction equivalent of boron, and 0'3ti4 
for the spec-itic refraction. A. Schrauf has made observations on this tmbjeet. 
A. Ghira said that the at. refraction of combined boron is •nearly indi-jiendent 
of the elements with which it was united. ;As ]tr<‘vioualy indicated, about* the 
middle of the eighteenth century, J. II. Pott said that Ic sel coni' 

niunicates a green colour to hhe ilame of alcohol, and that the colour is the 
same though a little feebler than that jiroduced by cupric sulphate. The Spec¬ 
trum of the alcohol, Bunsen's or hyilr(>gen flame coloured by boron compounds. 



« Fio. 2.—Spectrum of Boric Acid. 

was observed by J. F. W. Hersohel, W. A. Miller, R. T. Simmlej,* K. Bottger, • 
A. Mitscherlich, C. Horner, L. de Buisbaudran, W. Weith, J. M. Etlcrand E. Valenta, 

A. Hagcnbach and H. Konen, A. de Gramont, M. W. lies, L. Dieulafait, G. Salet, 

0. Vogel, etc. The flame spectrum o! boric acid show.s many bands, the most 
prominent of which are in the yellow and green ; they are essentially different from 
the similar coloured bands produced by barium compounds. The spectrum is 
shown in Fig. 2 ; there arc three feeble orange-yellow bands, 6598, 6211; and 6032 ; 
a yellow band, 6808; an intense yellow band with sharp lines—5481 and 5410, a, 
Fig. 2—a feeble green band with^lines 5193, jS, Fig. 2, and 4912, Fig. 2 f *nd 
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not easy to prb- 
more 


finaUy, a feeble blue band, 4722 and*463(). The flame spectrum is iiot easy to 
duce, it requires a large excess of boric acid, and the slit of the spectrum ratner 
open than usual. The three bands, o, ;8, and y. with the green line 5481 , and the 
weaker line ,5440, are useful in the spectroscopic recognition of boric acid. Ihe 
spectrum of boron fluoride is similar. The same bands are observed in the arc 
spectra of bifton, boric oxidi‘, and the spark spectrum of soln. of boric acid in 
hydmclilorie acid ; they are attfibuted to boron oxide ; they do not occur in the 
spark spgetrum of boron itself. According to W. Jevons, boron trichloride or 
methyl borate in the aft^’r-glo'w of nitrogen shows another series of bands which have 
definite heads and digrade towards the red; these bands also occur in the arc 
spectrum of boron a;id its oxide, and arc attributed to boron nitride even though 
they do n^t occur in the sjiark spectrum of boron in nitrogen. The spectrum of 
boron fluoride in (leissley's tube was investigated by_ J. Plucker, G. Ciamician, etc. 
The band spectrum was studied by U. Thalcn, L. TrooSt and P. Hautefeuille, 
a. P. ijmyth, L. de.llolsbaudran, G. Salet, F. Jones, A. Hagonbaih, G. Kiihne, 
H. Gilbert, J{. Gilm, V. Merz and W. Weith, hf. Bidaud, M. A. Catalan, H. Auerbach, 
etc. H. Rosi^ showed that the presence of tartaric or pliosphoric acid hinders the 
development of the green flame. The •spark spectrum was investigated by 
W. N. Hartley, J. M. Eder and E. Valenta, F. Exner and E. Haschek, A. Hagenbach 
and H. Konen, etc. W. N. Hartley oli.served the three lines 3450’3, 2497'0, and 
2496'3 when borax is volatilized in the electric arc. The spark spectrum obtained 
with eli'ctrodes of adamantine boron furnished J. M. Eder and E. Valenta 14 lines 
in the. ultra-violet, namely, ,3S)57-y, 3941'7, 382'J'3, 3824'5, 3246 ;>, 2689 0, 2686'2, 
2388',5, 2267'0, 2266'4, 2088'8, 2088'4, 20G6'2, 204G'6, when the lines due to foreign 
metals an' eliminated. The arc Spectrum was studied by H. Kayser and C. Runge, 
H. A. Rowland and co-workers, F. Exner and E. Haschek, A. Hagenbach and 
H. Konen, etc. The effect of press, was studied by W. J. Humphreys. R. A. Millikan 
measured the extreme ultra-violet spectrum of ‘boron. The wave-length of the 
A'-radiation of boron has been measured by 0. iV. Richard.son and C. B. Bazzoni, 
A. L. Hughes, and J. Holtsmark. The latter found A- 83G. F. K. Richtmyer 
found a discontinuity in the X-ray spectrum of boron in the region of very short 
wave-hpigths, and considered it as evidence of the jiresence of charaeteristic 
^-radiations. J. Holtsmark measured the characteristic X-rays of boron. 
J. U McLennan and M. L. Clark gave 23'4.5 for the critical voltage of the A-series of 
X-rays frons boron for A=.525'8x 10“* cins,, and 42'2 volts for A=292'2xlO“® cms. 
E. Rutjierford and J. Chadwick obtained evidence of the emission of long-range 
particles, detected by scintillations on a zinc sulphide screen—probably hydrogen 
- when a-rays pass through boron. 

J. L, Gay Lussac and L. J. Thenard said that tlnvelcctrical conductivity of boron 
is nil. H. Moissan found that electrical conductivity of the pre.s8ed powder is very 
low, being but 0125x10“* roe. phms per cm. cube when that of mercury is 
KMiSxlO* at 0°; and its electricAl resistance, 807 megohms. A. H. Warth gave 
9 XlO* ohms per cm. cab', for the sp. resistance at 26°, and this falls considerably 
with rise of temp. E. Weintraub found fused boron, when cold, is a very poor 
conductor, for its sp. resistance is lot* times that of copper at ordinary temp. In 
this respect, boron resembles carbon; but'unlike carbon, boron has amabnormally 
high negatiye tpmp. coefl. of \t8 resistance. Metals usually have a positive temp. 
Goefi.^and Itiie metalloids a negative temp, coeff. The sp. conductivity of boron 
(t 0° is nearly 0'5xl0“* or 0'6xl0“* mho per cm. cube, and it doubles in value 
for every 1 1 . .The curve is shown in Fig. 3. The observed data are ; * 


Ohms 


0‘ 

ox 10 * 


27 * 

776 X 10* 


100 ’ 

6xl0> 


170 ’ 

7-7xl0> 


180 


600 ‘ 

4 


Almve 10(^°, the resistance is but a fractional part of an ohm. The effect of traces 
of impurities in the boron is to raise the conductivity many-fold. Thus, one pet cent, 
of pafbon malRS the remarkable character of th^ conductivity of boron disappear; 
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and its conductivity becomes compsratle with that of carbon or silicon. With * 
metals, the Iresistance, not the conductivity, increases if impurities ars present. 

The negative temp, coeff. of impure boron becomes numerically loss and loss as the 
temp, inpreascs; so that all the curves seem to converge at about KXXV’. The 
behaviour of fused boron is more like that of a sirark gap or arc thaOjihat of a'solid * 
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Fio. 3.—The Klectrical Eeaiatnnce 
of Boron. 


Fia. 4.—V«lt-Amp^r© Curve of 
Boron in Air. 


conductor, for there exists a break-down voltagi' in the case of boron as in the ease 
of an air-gap. Below the break-down voltage, only a very small current flows 
through a boron conductor,* but once the current is .stared, boron becomes a 
relatively good conductor. Fig. 4,%r example, shows the volt-ampere curve of 
boron in air. At 4()() volts, the breakdown occurs when only () (K)4 amp. is passing; 
after that the current rises, and the j^oltagc drops rapidly. H. N. Warren used 
boron as the positive ])ole in a jjjilvanic element. F. Zantedeschi said that boron 
is diamagnetic. K. Honda gave for the magnetic susceptibility at - -O'?! X10® 
mass units, and at 1100‘\ —0'8(JxlO” units. 

The fact that crj^stallized boron has not been prepared, and that the so-called 
graphitoidal and adamantine forms crystalline boron are nt)t really boron, but 
rather compounds-aluminium borides, and aluminium borocarbides—or solid^soln. 
does not render nugatory^he published data respecting the properti(‘8«)f (irystalline 
boron, but it renders it nece-ssary to transpose the descriptions from the, sections 
dealing with boron to those dealing with the corresponding compounds. 

F. Wohler and H. St. C. Decile proved that graphiioidal boron is aluminium boride, 
A1B, (9.V.), and they also arguo4tbat the small proportion of earbon always ossoc’ated 
with a^mantine boron must bo present as diamond-carbon bocauso the crystals are trans¬ 
parent, and thus the larger the proportion of cai;bou the greater the transparency. As 
previously indicated, W. Hampe represented the composition by Al 3 B 4 ,C|, and H. Biltz by 
A],B 44 Cs, and. added the latter, it is not possible to say whether tliese crystals are a definite 
chemical compound—an aluminium 6orocar6«ie—or a saturated solid soln. 1’he crystals 
are colourless or they vary in colour from a honey-yellow to a brownish-yellow, a hyacinth- 
red, a dark reddish-brown approaching black in transmitted light, and in* reflected light 
they are d^k brown to grey. L. (5ett©rmann said that the ci^stals are six-sided plates; 
and F. W^ler and H. St. 'C. Devillo obtained eight-sided prisms with octahedral ends. 
A. Sella, and 0. Sertorius agree that the crystals are hi{)}^amid8 bolongin| tc^fhe tetragonal 
system, the axial ratios wore given respectively os a : c 1 : 0'5762 and 1 : ()• J766. F.*Wdhler 
and H. St. C. Deville gave 2-«8 for the sp, gr.; A. Wigand, 2*49; and H. Biltz, 2'690±0‘006 
at 18®/4®. • F. Wdhler and H. St. C. Deville found the crystals to lie so very hard that they 
readily scratch ruby and corundum, and %ven the diamond; and they stated that the 
crystals do not change when heated to the m.p. of iridium, and that in air they bum super¬ 
ficially at the same temp, as the diamond, forming a crust of boron oxide; H. V. Begnault 
found 0*250 for the sp. ht.; H. Kopp gave 0*230; A. Wigand, 0*185 at 21®; W. G, Mixter 
and E. S. Dana, 0*2518: andH. F Weber 

-39*8* * 26*«* 27*6'* 126*8’ 23S‘2’ * 

Sp. ht. . . 0*1916 « 0*2382 0*2737 0*3069 '* 0*3663 ^ 
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Accordinn to F. WShler Mid H. St. C. pdville, tlie crystals are doubly refracluig. Adaman- 
tine boron is not attacked by aciclH, but aqua regia acta slowly; it is attaoked by fused 
potassium *hydrosulpbato at red heat, forming sulphur dioxide ; fiiseAl phosph^onc acid forms 
liorii! oxide and a flame coloured by phosphorus ; fused |>otas«ium nitrate has no 5 

fused sodium hydroxide or sodium carbonate forms a little sodium borate at ajod heat^ 
but a Imiling aq. soln. of the former has no action. A. Ditto found that boric acid and 
iodine are for^ied when hydrogen iodide acts on aflainantine boron at a red heat. 
M. Borthelot allowed chlorine to act on white-hot adamantine boron, and found that a part 
of th<f carlKin is removed and deposited as graphite crystals u little distance away from the 
seat of the reaction ; it w'as accordingly assumed that a coinjiound with chlorine is formed 
and decompos'd during the lea^tioii. 

The chdmic^ properties Ol boron.—Mo.^t of our knowli'dge of the chemical 
proporties 9i amorphous boron is a result of II. Moissan’s ilndca sur le bore aniorphe. 
The samples hero used were shown by E. Weintraub to contain 4-5 per cent, of 
oxygen. Summaries have llcen made by E. Davies, \V! Mullur-Erzbach, P. Tiemann, 
etc. According to H. Moissun, amorjihous lioron unites with the metalloids more 
readily fhan with the metals, and it lias u strong afliriity for oxygem, sulphur, fluorine, 
and chlorine. It is a moK* eruTgetic reducing agent than carbon and silicon because 
it dec()m|K)seH the oxides of thesi* element* at a red heat. Its geni'ral chemical 
properties resemble those of carbon more closely tlian those of silicon. Indeed, 
boron resembles no other idement so much as it does carbon. According to 
P. Wohler and II. St. (!. DT*ville, strongly calcined amorjihous boron is less readily 
attacked by chenucul agents than that which has not been culi-ined. 

According to II. ])uvy, H V. Ucgimult, and P. Wohler and 11. St. Dcvillc, 
boron is not influenced when heated to rednes.s in hydrogeii} and II. Moissan found 
the sp. gr. was not afTeeted by heating liorou to l.'itK)^ in hydrogen. II. B. Baker 
and II. B. Di.xon found boron retains occluded hydrogen very tenaciously. J. L. Gay 
laissac and E. J. Tlumard said that amorplious boron does not oxidize in air at 
ordinary temp. H. Iteinitzer found that very iinely divided amor[)hous boron 
becomes covered with mieroseopie. crystals of borif acid after S lO days' ex|) 08 ure 
to moist air. .1. E. Gay Eus.sac and E. .1 Tlienard state tliat the oxhlation of boron 
in air begins at about ddO'’; it then burns in air with a reddish glow, and, added 
J. J. Berzelius, a green flame ; scintillating parts arc produced, some boric oxide 
sublimes, and a dark residue mixed witli vilrefied boric oxide remains. H. Davy 
regarded the dark residue as boron ,'<uboxide, for Ik* said that li contains less oxygiui 
than is presept in boric anhydridi‘; J. J. B(*rz«'lius said th*t it is only boron elianged 
physically by the high temp, of combustion ; and ^t is jirolmble that it contains a 
nitride. * E. Weintraub showed that the brown amorphous boron prepared by the 
reduction of boric oxide or borax always contains oxygen, ami he sugge.sted that 
it is boron suboxide ; more jirobably it is a solid^soln. of boric oxide in boron. 
H. V. Keguault said amorphous boron oxidizes iii air at 100°; P. Meyer and 
B. Zappner’sprodtietoxidizes on exposure to air ; and P. Wohler and H.St. G.Deville 
noted that the light (locculent boron* burns in air w^hen the temp, i.s slightly raised. 
H. Moissan said that the rt'ports of the low' temp, of the intlanimation of boron arc 
baaed on observations with samples eontaminated with sodium boride; and he 
added thHt thqpuritied product inflames in air when heated to and it burn.s with 
u brilliant green flame of low' actinic power. .The combustion is soon stopped by the 
formation of a hyer of boric anhydride on the surface of the boron. E. Weintraub 
fqund that ffbeu boron can be heated strongly in air without undergoing any per¬ 
ceptible oxidation.« H. Moissan a boron beliavcs similarly in oxygen to what it 
does in air, but itjgnites at a lower temp., and burns with a dazzling light. H.*B. Baker 
and H. B. Dixon found the dryness of tLe*oxygen has a marked influence on the 
results. 

J. J. Berzelius said that the freshly prepared uncMcined amorphous boron is 
joluble in \^ater to which it imparts a greenish-yellow’ colour, and that the boron 
s precipitated from its aq. soln. by acids and salts ; Mie. residue left on evaporating 
;he Jiquid in a ^lasa dish forms a yellowish film ^hich is only partially taken up 
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when treated with water. J. J, Berzciiftg watf pbviously dealing with a colloidal 
aoln. G. Dragendorf! thought that he bad prepared hydrated boron by the Reducing 
action of phosphorua on borax. J. L. Gay Lusaac and L. J. Th^nard aaid that 
amorphous boron does not decoinpo.sc water at 100'’; but F. Wohler and H. St. 
C. Deville, and H. Moissan found that steam reacts with boron at a red heat, forming 
boric acid and hydrogen. Once the reaction is started it proceeiii with gn-at 
energy, forming boric acid and hydrogen. F. Agcno and E. Barzetti said ,tliat 
hydrogen peroxide is decomposed by a colloidal soln. of boron, and that boric acid 
is simifltaneously formed. • ' 

According to H. Moi!i.san, fluorine attacks boron at ordinary temp., the mass 
becomes incandescent, and boron trifluoride is formed. W. Mnll('r-Erzi)ach studied 
the affinity of the halogen.s^for boron. Boron takes lire in chloAne at 41(A, forming 
boron chloride ; H. Davy s impure boron ignited at onlinary temp, in chlorine. 
H. Moissan further obsetved that in bromine vapour, inffamnuition occurs at 7(K)°, 
and boron bromide i.s formed. Bromine water attacks boron very slowly at ordinary 
temp., but the reaction is faster in the presence of ]iotaasium bromide. Boron is 
not attacked by iodine at ordinary tem)>., the reaction begins at about 12,5(1“; iodine 
in the presence of water acts slowly on boron at ordinary temp. The hydrogen 
halides react with greater difficulty on boron; H. Moissan found that hjfdrogen 
fluoride is not attacked below dull redne8.s; and F. Wohler and' H. St. ('. Deville 
and H. Moissan found that hydrogen Chloride attacks hofon at a bright rial heat ~ 
in both ca.ses hydrogen and the boron halide arc formed. The former adifed fhat 
if fhe. reaction occurs in a glass tube, some silicon chloride is formed by the joint 
aetion of boron and hydrogen chloride on glass. Boron is not attacked by hydro- 
cUIoriC acid, sat. at 0“. H. Davy's impure boron was attaeked by the boiling acid. 
H, Moissan found that hydrogen iodide does not attack boron at 13(X)°, hut at a 
more elevated temp, boron iodide is formed. According to If. Mpisaan, boron 
reacts energetically with many mutal fluorides, forming boron fluoride, the fluorides 
Otthe alkalies and alkaline es^hSHre decomposed at a bright red heat ; zinc fluoride 
is decomposed at a dull red heat; the reaction by simjile contact with lead and silver 
fluorides proceeds with explosive violence. The reaction with the chlorides is not 
so energetic; the chlorides ot the alkalies, alkaline earths, zinc, and lead are not 
attacked at a red heat, but mercurous chloride is reduced te mercury at 700“. 
F. Wohler and 11. St. 0. Deville found that load chloride, merifuric chloride, jnd 
silver chloride are reduccdjo the metal and boron chloride, H. Moissamlound that 
boron reduces a soln. of ferric chipride to ferrous chloride, and .soln. of palladium and 
platinum chlorides are reduced at ordinary temp.; J. J. Berzelius and H. Moissan 
stated that a soln. of auric chloride is reduced by boron to uiirous chloride. The 
last named also found that bor<^ docs not reduce lead, zinc, cadmium, and copper 
iodides at a red heat, but tin and bismuth iodides are readily reduced. According 
to H. Moissan, chloric acid is reduced by boron to chlorous acid ; and, according to 
A. Ditto and H, Moissan, iodic acid attacks bordh below 10“, forming boric acid and 
iodine, at the same time,tlie mi.xturc becomes incandescent; while the last named 
also found that iodine is precipitated from a cold aq. soln. of iodic acid. Fused 
potassium chlorate reacts vigorously with boron; each portion of boron \fhich is 
■[irojected on the fused mass produces vne lumiirc iblmmanle. 

H, Dav^s impure boron dissolved slightly in molten sulphur.^ According to 
H. Moissan, boron unites with sulphur in the vicinity’of 600°, and the mass becomes 
incandescent—boron sulphide is formed; it behaves similarly with Selenium at a 
more elevated temp., but it does not unite with melted teUnrium. F. W6hler and 
H. St. C. Deville found that boron sulphide is formed when boron is heated with 
hydrogen sulphide. At a dull red heat, boron reduces sulphur dioxide to sulphur, 
J. h. Gay Lussac and L. J. Thenard, and H. Davy said that boron readily decom¬ 
poses hot cone, sulphuric acid; but is not attacked by tho cold acid. H. Moissan 
found that the reaction begins at 250°, and sulphur dioxide is formed. F. Wohler 
and H. St. C. Deville said that vjhen boron is heated with lead ZBiphide, horpn 
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saiphid« and lead are produced. L. Gay Lussac and L. J. 
boron ata red heat reduces gdphitM and ndphatea, forming sulphur ' 
borate. The tnlpbstM ol the allMlie* and alkaline earths were found by H. Moissan 
to be reduced to sulphides by t»ron at a red heat. v • m 

H. Moissan and (i. Charpy foilnd that carbon docs not combine directly wi 
boron, although a boron carbide is formed when boron is heated in the electoc arc 
in at atm. of hydrogen. J. N. Bring and W. Fielding found that above 2000 , boron 
changes carbon catalytically into graphite. At 1200", boron reduces CUDOn 
monoxide to carbon. AeeoVding to K. Lorenz, carbon dioxide is likewise ftduced 
by heated boron. H. .Moissan heated boron to redne.ss in the vapour of purified 
dried oarlon dianlphide, and obtained carbon and boron sulphide. According to 
P. C. Chibrie, carBon tetrachloride forms much boron chloride at 200°-2r)0°; 
4 B+ 3 t'Cl 4 =. 3 C+ 4 B(’l 3 ; chloroethene, G 2 CI 4 , acts le.sa* rea<lily, and hexachloro- 
benaen^ (.'e( 'l«,nut at all; dibromoetIume,C',H 4 llro ;i(nd tribromhydrin likewise form 
much ^ron bromide in’a sealed tube at '2M°. J. I;. (Jay Lufisac and L. J. Thenard 
found that when CUbonates are heated with boron, carbon and the corresponding 
borate are formed. If. Moissan also found sodium carbonate is rajiidly decomposed 
by boron at a dull red heat; potassium carbonate at a higher timip.; and barium and 
oidcium carbonates not at all. H. Daw olwerved no reaction with acetic add. He 
also found that silicon does not unite directly with boron; and thafsilica is reduced 
to silicon when the mi.xture is heated in a forge. A. Diiboin and A. Gautier said that 
an intimabi mixture of lioroii and silieon lieliaves like earbon in the ]ire.senee of 
alumina. According to L. Troost and P, llaiifefetiille, when boron is heated with 
silieon dioxide, silicon and boric oxide are formed. Similar results were obtained 
with zirconium dioxide, and titanium dioxide. • 

F. Wohler and II. St. C. Devillc, and H. Moissan stated that boron unites with 
nitrogen at lit'kl ’. Tlu' last named found that boron is without action on nitrogen 
peroxide. F. Wiihler and If. St. (I. Deville found that amorphous boron burns when 
heated in an atm. of nitric oxide, forming bo*ron nitride and boric oxide. F. Welder 
said the action starts at a red heat. 11. Davy noted that boron burns in nitrous 
oxide, forming Iwrie oxide—H. St. G. Devilb^ and F. Wbliler showed that son.c 
boron pitride is produced ns well. Tiie Inst named also found that when boron is 


heated in a stream of ammonia, boit'ii nitride is formed. .T. L. Gay Lussac and 
L, J. Thenard stntc'd that feebly warmed nitric acid is decomposed by boron, furnish¬ 
ing boric aipd, nitric oxide, anil nitrcigen ; they also statgd that nitrates and nitrites 
are vigorously deeom[iosed by borcin. 11. .Moissan also found nitric acid reacts 
energetically with boron, and that i\ ith the cone, acid the reaction is so vigorous as 
tb raise the mass to incande.scenee ; F. Meyer and R. Zappner’s boron is a fine 
powder which reacts violently with dil. nitric acid, jnd inflames on contact with the 
cone. acid. On the. contrary. K Weintraub's fused boron is scarcely attacked when 
gently warmed with 10 per cent, nitric acid, under conditions where amorphous 
boron is readily attacked. Notwithstanding its great affinity for oxygen, boron 
may be immersed in fused putassiam nitrate up to about 400°, without any reaction 
taking place, but as soon as the potassium nitrate begins to decompose an energetic 
reaction occars; a mixture of boron, sulphur, and nitre deflagrates at a dull red 
heat. Molten potassinm nitrite is violently decomposed by boron. H. Moissan 
found that^a spin, of silver nitrite is reduced by boron, forming crystalline silver. 
H. Davy's dmpure boron Was •slightly attacked by molten piunphoros, but 
JI. Moissan f 6 und,that boron doe.s not unite directly with phosphorus, arsenic, or 
antimony at 700°; phosphorus pentoxide at 800° is reduced to phosphorus; 
anenions add and arsenic add an reduceiFto arsenic at 800°; and the arsenites and 
anenatas are reduced at a dull red heat; antimonions oxide is also readily reduced 
when heated with boron. The chromates are likewise Veduced at dull redness, and a 
cold soln, pi potasdum permanganate is decolorized by boron. 

• According to H. Moissan, the alkali metals have no action on boron, and they 
can die distilled from boron without combinat^n; magnesfum, on the contrary, 
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gives a boride at a dull red heat; iron and alominiom form borides only at a high 
temp.; whilb silver and platinum readily combine with boron. H. MoiSsan and 
6. Charpy found that when reduced iron is melted with boron in an atm. of hydro¬ 
gen, about 10 per cent, of the latter is dissolved.. The lerroboron so produced can - 
be alloyed with steel, and the tensile strength of the steel is increased-without per¬ 
ceptibly ailecting the hardness. H. Davy observed no reaction when boron is 
heated with mercury, and A. B. du Jassonneix that al the temp, of an electric furnace, 
boron if insoluble in copper, tin, and silver. E. Weintraub also found bororedoespot 
alloy with copper at a red heat, and P. C. Ray observed o similar resuft with 
magnesinm. 

H. Davy’s impure boron was attacked by fu.sed and-aq. soln.of the iixefl alkalies. 
According to J. J. Berzelius, when boron is heated with potassium hydroxide, 
potefeuni borate and hydrogep are formed; H. Moissan.observed a similar action 
wjl^hc molten hydroxidts and he. found tliat the metallic qxides are reduced more 
^dily by boron than by carbon. For example, udieu a mixture of cuprie OXide 
find boron is warmed in a glass tube, the, action is violent and the glass is melted ; 
sdtaimous oxide, lead oxide, and bismuth oxide are readily reduced ; a mixture of 
'boron and lead dioxide detonates violently when triturated in a moitar. At a red heat, 
the aUralina ewtb OXideS are not affected ; but ferric and CObalt oxides arc reduced. 
H. Qiebelhausen found that amorphous boron dissolves in-calcium fluoride and the 
boron crystallizes out on cooling; with cadmium fluoride, boron fluoride and 

cadhiium are formed. , , ■ , 

The volatdity of boron prevents its use in making filaments for electric lamps. 
E. Weintraub recommends it strongly for purifying copper; he said that it 0'03-b l 
' Ter cent, be added to molten copper Jiefore it is cast, the metal is deoxidized and 
purified to a remarkable extent. He added that it is cheaper to use the amorphous 
powder than fused boron. The product was called baronized copper, although it is 
virtually free from boron. The Term, therefore, yefers to a mode of treatment 
rather than to its chemical composition. Similar remarks apply to the bronze 
silkkux which F. Gautier found to contain no silicon. According to L. Guillet, 
H. ^tois-san and G. Charpy, and G. Hannesen, a little boron increases the breaking 
H^ross of hCcc] 

Reactions of analytical interest.— When a moderately cones soln. of borax is 
treated with one of silver nitrate, a white precipitate of metaborate, AgB 02 , is 
formed, soluble in ammonia or nitric acid; when the silver nietaborate‘is warmed, 
brown silver oxide is formed ; with cold dil. soln., silver oxide is precipitated. -Fairly 
cone. soln. of borax with barium chloride give a white precipitate of barium meta¬ 
borate, Ba(B02)2, soluble in an excess of barium chloride, and in soln. of ammonium 
salts and acids. A soln. of calcitm chloride or of lead chloride behaves like that of 
barium chloride ; and a soln. of mircuric chloride gives a red precipitate. The latter 
reaction is sometimes styled G. Tammann’s reaction^ for free borates. 

A hot very cone. soln. of an alkali borate may give a precipitate of boric acid 
when treated with hydrochloric acid ; again, sulphuric acid exerts no visible action 
on a soln. of borax, but most borates are decomposed by this add liberating boric 
acid. A soln. of boric acid dissolves in alcohol, and the alcohol burns with a green 
flame—yionicJest. Similarly, if a borate Be decomposed by an acid, and the mMS be 
mixed with alcohol, the latter burns with a green flame. The test is conveniently 
made on a watch glass. Methyl alcohol gives better results than ethyl aldbhol.. 
It is possible to detect O'OOl per cent, of boric oxide in a soln. by this test. ) f copper 
or barium be present the test is not satisfactory—the former must then be removed 
by hydrogen sulphide, and the latter by sulphuric acid. According to M. W. lies,® 
the test is best conducted by heating the borate moistened with sulphuric acid on a 
platinum foU untfl all the acid is expelled. It is then moistened with gly^rol, and 
the latter ignited. A flame tinged green is produced if boric oxide be present; and 
O'OOl per cent, of boric acid can be detected by this reaction. According to 
E. Turner, if a powdered borate be mixed with a few drops of water, and 

voi. V. ■' c 
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.pproximatcly three times its weight of Turner’s flux-a mixture of powdered 
cileium or potassium fluoride with 4-5 times its weight of potassium llydrosulphate 
—and the paste exposed on a loop of platinum wire in the blowpipe (or Bunsen s) 
flame, boron fluoride is volatilized and it imparts a greenish tinge to the flame. The 
reaction will detect 0 01 grm. of boric acid in a silicate. 

If a borate be just acidified with dil. hydrochloric acid, and a strip of turmeric 
])ap<?r be half immersed in the soln., no apparimt change occurs ; but if the paper be 
dried on« watch-glass at lOU", the half which has been dipped in the boric aci^ shows 
a peculiar brownish-red coloration— turmeric test. If but a small trace of boric 
oxide be presimt, the stain may be pink. The colour remains when the stain is 
dipped iiuborfc acid again, or in dil. sulphuric or hydrochloric acid. The brown 
stain produced by alkalies changes into yellow under these conditions. If too little 
acid be used, there may be no coloration ; it too inpch, the colour may be brown. 
If the Iwrie acid stain .be touched with a soln. of potassium hydroxide, the paper 
becomes bluish-blaek or bluish-grey, according as much or little boric acid be 
present. A little hydrochlorii' aciil will reston- the red colour. As little as O'OOOl 
grm. of borh^ acid can be detected by the (pink) colour jiroduced in this manner. 
The presence of oxidizinif agents like chkfrate.s, chromati-s, iodides, etc., interferes 
with the test by destroying the turmeric. Nitric acid is an exception. Cone, 
hydrochloric acid may gwe a dark brown stain under the conditions of the test; 
ferri<' chloride, molybdenum, and zirconium salts give a brownish-red stain which i.s 
not coloured bluish-blar k with potash soln. 

Still smaller amounts o( boric acid <'an be detected it needed by placing the soln. 
under investigation in a small dish and evaporating it to dryness in a desiccator 
in vacuo at a low teinji. If a few drops of jn alcoholic extract of a few turmeric 
papers be mixed in a porcelain dish with the borate, the soln. acidified with acetic 
acid, and ev4)iorated to dryness on a water-bath, a reddish-brown residue will be 
obtained if as little as 0'(HK)2 grm. of ILDa Issjiresdnt, while 0'(l(jtH)2 grm. will produce 
a perceptible coloration. 

Boric acid reacts feebly acid towards litmus ; and the alkali salts react alkaline ; 
the colour of methyl orange «r of p-nitiophenol is not affected by boric acid ;• a 
soln. nf boric acid nmitralized with alkali hydroxide, with phenolpbthalein as 
indicator, again gives an acid reaction if glycerol or mannite be added to the soln. 
If an a(|. sidn. of boric acid be titrated with a standard soln. of sodium hydroxide, 
the pink 'colour of phenolphthalein is developed before all the boric acid is 
neutralized ; but if the soln. (ontains sufficient glycerid or mannitol, the boric acid 
all reacts with the soilium hydroxide : NaOH -| L'HoO+NaBO,, before the 

pink coloration appears. A volumetric proce.ss is based on this reaction. If a 
standard soln. of hydrochloric acid be added to a sbln. of borax with methyl orange 
or better, p-nitrophenol, as indicator, the soln. rea’cts acid only when all the sodium 
is neutralized by hydrochloric lU'id : Na.jB 40 ,-|-,')H. 20 d- 2 H('l-i‘iNaCl+IHjBOs. 
The liberated boric aiid can then be titrated witli standard alkali with 
phenolphthalein as indicator. 

Iftu borate be distilled with 8ul|)huric acid and methyl alcohol, a, volatile methyl 
borate, boifing at 6,5°, distils over ; with ethyl alcohol a volatile ethyl borate, boiling 
at 120°, is obtained. The alkyl borate cah be saponified with alkali hydroxide, and 
the boric ifcid determined by- volumetric methods, eMfesupro, or weighed as potassium 
.fluolfcrate. . 

Determinatioh ol the atomic weight of boron.— The accurate determination 
of the at. wt. of boron has presented manj difficulties because of the small number of 
comiiounds which arc suited to accurate measurements. J. L. Gay Lussac and 
L. J. Thenard* said that when oxidized with nitric acid boron takes up about one- 
third of its weight of oxygen; this would make the at. wt. 48—oxygen, 16; H. Davy 
found thht when one part of Imron is burnt in oxygen, it takes up 1'8 parts of oxygen. 
Thjs would jnake the at. wt, 13'3. The samples of boron employed were very 
bnpure. T. Thomson discussed the at. wt, oft^ron in 1824. In J. J. Berzelius’s 
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lUt of 1815, a number corresponding with ll ll),' if oxygen be 16, was given ; and 
in 1818, he ^ve 1115. At first, J. J. Berzelius wrote the formula of boron oxide. 
BjOi, and he later changed this to BOj (with oxygcn= 8 ), thus making the at. wt. 
of boron approximately 22—some wrote the formula BOo. V. Kletzinsky in 1865 
wrote the formula BOj (with oxygon 8 ), and gave 44 for the at. wt. The at. wt. of 
boron=ll, is in harmony with values deduced by Avogadro's rule from the volatile 
. compounds of boron. 

Incite compounds with the electronegative elemegits boron is tervaknt, and 
highest known oxide is the trioxide (B^OjIn ; no halide is known higher than l!F;, 
or BC'ls; and in the boron alkyls, BfCHslj and BfCjHiila, boron is undoubtedly 
tervalent. It has been argued that it three n^presents the maximum jalenoy of 
boron, the boron alkyls and halides would probably be eheniieally inert like (he 
hydrocarbons, and carbon tetrachloride ; on the contrary, the Imron halide.s and 
alkyls are very reactive", and readily unite udditivelv with ammonia, iwtassiuin 
hydroxide, etc., forming compounds like B(CH 3 )>j.NH 3 , Blt’Hsls.KOH, •HBI'V 
BCl 3 .NOt'l, BC'l 3 .IICy, BCl 3 .C 2 H 5 Cy, *B(d 3 .CyCI, etc., in whicli it is su|>pused tlu’ 
boron is quinquevalent. ft is also said to behave gs a quimpievalent clement ii\ 
ammonio-boron triinethyl, and in the hifronium compounlls of J. Schumiichc'r c.i/. 
acetylacetoneboronium chloride, which he represents by the formula 

•CH 3 .C.O /O.C.L'H,1 
HC )'1J( CH ("1 

_CH3.t;.0"^^ ^'O.C.CH, 

H 3 N; BfCHs);) and in boric ethopentaethylate, ((! 2 H 50 ) 3 B : B(C 2 Hr,)(()f' 2 H 5 ). 2 , as 
shown by E. Frankland in 187b*; in inonophenyl boron chloride, ('nHsBCb, as sliown 
by A. Michaelis and P. Becker; in the pyroeatechollKiric acid, (('8H4(1.,)2"B1I, of 
J. Bocseken, and P. If. Hermans; in sodium ethyl borate, Na.B(()(,’ 2 H 5 ) 4 , or 
NaO.BfOI-'jtlsls.C'aHs, in boron pbntasulphide, 8383 , prepared by H, Moissun ; in 
M. Travers and P. C, Kay's borohvdrates; and in boron oxytriehloride, BO('l 3 , 
reported by C. Councler, but shown by R. f,orenz to he iTiore jwobably BjO, [CK. 
The existence of neither BOC'Is nor of B 2 S 5 ha.s been confirmed. .1. Boeseken regarded 
the existence of the quinquevalent boron compounds as lending auj)))ort to the octet 
theory of valency ; and to be explained on the same lines as that of the ainmoniuni 
compounds, but whereas the nitrogen atom has to lose an electron in order to beedme 
quinquevalent, thereby beebming an electropositive ion, the boron atom'has to gain 
an electron, forming an electronegative ion. In boron fluoride, BF 3 , tho outer 
electron shell of the boron atom contains six electrons, shared in pairs with th<' 
fluorine atom. When combining with another mol. of hydrogen fluoride, the boron 
atom completes its octid by sharing with the new fluorine atom one of the electrons 
of the latter and a hydrogen electron. By taking the hydrogen electron, however, 
it forms the negative ion, BF,', and the positive iqn, H'. ft follows that when boron 
is functioning as a quinquevalent atom four of its valencies arc non-|)olar and the 
fifth polar, as in the ease of nitrogen. Boron functions as a quadrivalent element 
when a normal boron compound such as BF 3 combines with a mol. eontainisg two 
available electrons in the outer shell of one of its atoms, for 
instance, ammonia. Thus the stable colnpound, BF 3 , NH 3 , 
can be formulated as in Fig. 5, in which the boron atom 
appears truly quadrivalent, as does the nitrogen. A. Stock 
and co-workers stated that the evidence for the quinque- 
valency of‘boron is feeble and indecisive, and that the 
maximum valency of boron is four. lie added that 
Q. Bodlander and K. Abegg's rule that the sum of the 5 .—Electronic 

maximum jmsitivc and negative valencies of all elements 8 tmctacoolBF,.NU,. 
is 8 , does not apply in the case of boron. 

The at. wt. 11 is almost in harmony with the position of boron at the head of 
the third group of the periodic table ^assigned to it by D. I. Mendel4eff. P. Georgifcvtc 
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argued that the right position of boron in the periodic teble is in the alumini^ 
group because (i) its oxide acts like aluminium oxide as a feeble base and as a feeble 
acid : (ii) the alkyl compounds of the two elements are similar; and (iii) the iso¬ 
morphism of cuclase and datolite. A. fitard placed it at the head of the.vanadmm 
group very oear to phosphorus: N, P, As, Sb, Bi, . . . B, V, Nb, ... The 
abnormal sp. ht. of boron made tjie at. wt. 11 not fit well with Dulong and Petit s rule. 
N. Delaunay made some observations on the at. wt. of boron with other elements.- 

Prelihiinary experiment* were made by J. J. Berzelius with boric acid ; ,and by 
A. Arfvedson with borax. These are so discordant with later values that they 
are usually omitted from calculations. Some years later, in 1822, J. J. Berzelius 
made delyrmuiatiun based on three concordant measurements of the per cent, of 
water in borax, and from the ratio, Na 2 B 407 . 1 ((H 20 : 18 H 2 O, he calculated 11 08 , 
from the same ratio, A. .Laurent (184‘J) calculated.U-85 ; V. Dobrovolsky (1896), 
10-87 ; -J. L. H. Abrahall (1892), lO'TO; W. Ramsay and Bt' Aston (189.8), 10-94 -, and 
F. P. Armitage (1898), 10-99. ' There are spepial soun-es of error connected with the 
use of borax due to (i) tl;e difhculty in ensuring complete dehydration by ignition, but, 
said V. Dobrovolsky, this_ readily can be ensured if small quantities are employed ; 
(ii) the po.ssibility of voliitilizating both soda and boric acid during the ignition as 
shown by N. Leonard ; (iii) the difficulty in avoiding the inclusion of some mother 
liquid during the crystallization of borax; and (iv) the difficulty in accurately 
weighing the crystals owing to efllorescence if the vap. press, of the hydrated salt 
is greater than that of the humidity in the atm., and to the surface condensation 
moisture when the humidity of the atm. is greate-r than the vap. press, of the crystals. 
H. Fresenius also wrote on this subject. The risks arq illustrated by J. L. H. Abrahall 
who found that crystallized borax containqd 47-286 per cent, of moisture, and 
W. Ranusay and E. A»ton, 47-168 per cent. 

In 182-1, 7 J. Berzelius transformed borax into sodium sulphate by igniting it 
with sulphuiic and hydrofluoric acids, and,4rom Jhe ratio Na 2 B 407 . 10 H 20 : Na 2 S 04 
he calculated the at. wt. ILU. W. Ramsay and E. Aston distilled dehydrated borax 
with hydrochloric acid and methyl ah-ohol, and from the ratios Na 2 B 407 : 2Na€l 
calculated the at. wt. 10 96 and 10-97. They also converted the sodium chloride 
into silver chloride, and from the ratios Na 2 B 407 : 2NaCl: 2AgCI calculated the at. 
wt.^lLO.'). E. INinbach titrated a soln. of borax with hydrochloric acid with 
me'lhyl orange as indicator, and from the ratio NaB 407 . 10 fl 20 : 2 Ut'l calculated the 
at. wt. IH)!; F. P. Armitage titrated a soln. of fused borax with sulphuric acid, 
and frt'iu the ratio Na 2 Bi 07 : II 28 O 4 obtained the'at. wt. 10-94. G. P. Baxter and 
A. F. Scott determined the ratios BCIa: , 8 Ag and BBrj: 3Ag, and obtained 
10-8.8 + 0 01 for the at. wt. of boron ; 0.116nigs<-hmid aird L. Birckenbach obtained 
from the ratios BClj : . 8 .\g, and BCI,-!: 3AgCI, lO .SJf 

In 1859, .1. B. A. Dumas communicated the results of cxperinnmts by F. Wohler 
and H. St, 0. Deville on the composition of the boron halides in which the ratio 
BGljrSAgCl give numbers corresponding with 10 62 to 1106, and the ratio 
BBr3: 3AgBt, 10-96 for the at. wt. of boron ; for the latter ratio, H. Gautier (1890) 
obtained 1102 and 11-03, and for the ratio BCI 3 : 3Agt'l, 10-95. .1. L. H. Abrahall 
obtained for the ratio BBrj: 3Ag, 10 82 and 10-90. It is very difficult to prepare 
the boron halides quite free from hydrogen halides. II. Gautier converted boron 
sulphide into the sulphate, and.from the ratio B 2 S 3 ; 3 BUSO 4 obtained the at. wt. 
, 11-04 ; H. Gautier also burnt boron carbide, and from the ratio BjC : CO 2 calculated 
the at. wt. 11 - 06 , A. Stock and E. Kuss measured the hydrogen evolved in the 
reaction B 2 H(i-l- 6 H 20 — 2 II 3 BO 3 -I- 6 H 2 , and from the results calculated for the 
at. wt. of boron 10 8055 (H=1-(X)77). F. H. loring calculated 10 77. 

In 1898, T. W. Richards gave 10-95 as the test representative value for 
the at. wt. of boron; and in 1910, F. W. Clarke calculated the general mean to 
be }0-9805 + 0-0013, but added: “the uncertainties are so great that the final 
mean may bg allowed to stand until better evidence as to the true at. -wt. of boron 
is oWined.’' B. Brauner also wrote in 1905; ^ We know little more about the at. 
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wt. of boron than was known in 1824, that is that the at. wt. is 110; but we 
cannot say wnth any assurance whether the true at. wt. is greater or less than this 
value.” The International Committee on Atomic Weights gave 110 for the best 
representative value of this constant. 

The atomic number of boron is 5. F. W. Aston ’’ found that boron has two 
isotope of at. wt. respectively 10 and 11, and that the evidence is against 
the presence of a third isotope. F. H. Ia)ring has discussed this subject. 

H. V.^. Briscoe and P. L. Robinson, in some, preliijiinary observation* on the 
ratio BCls: 3Ag, found for Tuscany and Asia Minor minerals the at. wt. 10'82, and 
for a United States mineral, 10'84 (Ag~-107'880, Cl==35'4()0). E. Rutherford and 
J. Chadwick, and 6. Kitsch and H. Pettersson found that long-rung^ particles 
were liberated from boron when bombarded by a-raya. The,se were a.ssumi'd to 
be hydrogen nuclei, resulting ffom the decomposition ol boron atoms. The dis¬ 
tribution of momentum In terms of the initial velocity of the a-))articlea has been 
measured, and it is estimated that there is a 42 |)er cent, gain in energy as a result 
of the assumed disintegration of the boron, N. V. Sidgwick discussed the electronic 
structure of the atoms. 

Kefkrences. 

1 J. 1,. Cay Lusaac and L. J. Thenard, jVccArrcAra phij/fico-cliimiqurn, Paris, 1. 270, 1811 ; 
ItnU. Soc. J*kUomalh , (2), 1, 10, 1808 ; Ami. (.'him. I*htf«., (1), 68 . iOO, 1808 ; Mhn. Stic. Aro uil, 
2. 311, 1800 ; ,1. J. Berzelius, Pojj. .-Inn.,2.113,1824 1 34. 500,183.5 ; 11. Davy, Phi. Tram., 68 . 

I, 333, 1808 ; 99. 75, 1809; K. 1). Tliumswi, J'hl. Mag., (2). 10. 411). 1831 ; P. Wiililer and 
H. St. ('. Dcvillo, ('mipl. Rend., 43. 1088, 18.5(1; 44. 342. . 857 ; 46. 888 , 1857 ; 84. 10, 1867 ; 
A. (t VournasoB. it., 150. 404, 922, 1910 ; Aim (.'him. J'hja., (3), 52. 03, 1858 ; Lirbig’s Ann., 
101. 113, 347, 18.57; 106. 07. 18.58; 141. 20,8, 1807 ; W. Hamjic, it, 183. 7.5, 1870; Vhrm. 
Zlg.,n. 841, 1888; R. I,iironz,Li(tV« Ana., 247. 226,1888; K A.Kuhna.dirman Pal., L) R.I'P. 
147871, 1902; 179403, 1904 ; B, .SpringfeUft ('I’he British Thonison-Housioii Vn.), Rkhtrachm. 
Zril., 15, 8 , 1908 ; 11. .Moisaan, ('iii«,il. Rtni., 114. 319. 392, 017, 622, 1892 ; 116. 1087, 1893 ; 
117. 423, 1893 ; Bull. Sor. ('him., (3), 11. 9,5.5, 181M ; Ann Vhim. Phji., (7), 6 . 296, 438, 1895; 
(7), 9. 133, 1896; (7), 18. 289, 1899 ;*J. H..A. Dumas, it., (2), 31. 376, 1826 ; K, Ageilo and 

E. Barzetti, Adi .iccad. Liiicei, (5). 19.*, 381, 1910; B. Reiliitzer, Sitzbrr. Alcad. Itten, 82. 736, 
1880 ; Momlah., 1. 792, 1880 ; N A. Orl.iH, ('hi m. Zlg., 26. 405. 1901 ; L. Franck, it., 22. 230, 
1808 ; G. Dragendnrtf, ('hem. I'entrh., (2), 6. 805, 1801 ; A. (leutlier, Jnui Zed., 2. 200, 1865 ; 
('. Winkler, Ber., 23. 772, 1890 ; E. CatUTinann, it., 22. 195, 1889 ; A. Stock and W. Hollo, it. 
41. 2099, 1908; H. Biltz, it., 41. 2034, 118)8; 43. 297, 1910; A. July, Vmnpl. Rend., 67, 456. 
1883; A. Besson and E. Fournier, it, 150. 872, 1910; A. ]ti‘RHOn„tt., 114. 771, 1802; 
H. Coldsehniidt, Klehtroehein. Zed., 4, 194, 1898 ; 'J'. E. Phipson, Pear. Boy. Boc., 13. 217, 1^14 ; 

F. Jones, Journ. I'hem. Boe.., 34 41, 1879; A. 7,. ilartinunn, Peher die Kleklrolytte. geschmotzener 
Jtorate. Munehen, 1913; A. Stock and \V. Holle, Ber., 41, 2095, 1908; F. K. vV'cstoii and 
H. R. Ellis, Trans. Paradmj Boe., 3. 170, 1908; A. .Stalder and J. J. Elbert, Ber., 40, 2060, 
1913; F. Meyer and R. Zappner, it., 54 B, 5;i0, 1921 ; O. Hiinigsehmid, MonaUh., 28. 1107, 
1907; <T. Constant and V. Raisin, Brit. Pal. Nos. 102252, 16265.5, 1921 ; E. Podszus, Zeit, 
anorg. I'hem., 66 . 123, 1917; A. Zschille.llnrtrnaim, Btlihal. Zed., 2. 113, 1914; .E N. Bring 
and W. Fielding, Jmirn. ('hem. Boe., bs. 1497, 1910; R. Ray, it., 106. 2162, 1914 ; E, 'I'iedo 
and E. Birnbrauer, Zeit. anorg. ('hem., 87. 129, 1914 ; E. 'rksle, Ber., 46. 2229, 1913; F. Moyer 
and R, Zappner, it., 64. B, 550, 1921; E. Weiiitraub, Trans. Amer. Bkclroche.m. Boe,., 16. 165, 
1909; Journ. tnd. Eng. (them., 8 . 299, 1911 ; 5. 106,'l913; II.S. Pat. Ros. 997879, 997880, 
997881,997882, 1911 ; 1019394, 1019.509, 1912; Bril. Pat. Nos. 21067, 22334, 2.5978, 1906; 
1197. 1907 ; 26033, 1910 ; 7103, 1911; S. G. Rawson, ('hem. A'cios, 68 . 283, 1888; O. (lore, 
it., 60. 113, 1884; H. N. Warren, it., 74. 04, 1806 ; H. Kuzel, Herman Pal., D.R.P. JS6980, 
1906; H. (iustavson. Zed. Chem., (2), 6 . 521, 1870 ; H. G. G. Maiach, Zur Kenntniss ins Bars, 
Gottingen, 1887 ; L. Gmelin, Schweigger's Joiirn., 16. 245, 1824; J. W. Ddbereiner, it,, 16. 

116, 1816; A. PIcUchl, it., 25. 438, 1819; A. H. Warth, BaU. Maryland Acad., 3. 3, 1923; 

British Thomson-Houston Co., Bril. Pal. No. 193894, 1921- • • • 

• F. W 6 hler and H, St. G. Deville,Goinpl, Rend., 43. 1088, 1860 ; 44. 342, 1857; 46i 888 , 
1867 ; 64. 19, 1867; H. Moisaan, it., 114. 319, 392, 017, 622, 1892 f 116. 1087, 1893;! 

117. 423, 1898 ; BaU. Soc. Chim., (3), 11. 966, 1894 ; Ann. ('him. Phys., (7), 6 . 296, 428, 1895 ; 
(7), 9. 133, 1896; (7), 18. 289, 1899 ; J. L. Gay Luasao and L. J. Thtnald, Recherches physico- 
chimiques, Paris, 1.276, 1911 ; Bull. Soc, PhUomaih., (2), 1,10, 1808 ; Ann. Chim. Phys., (1), 68 . 
189,1808; Mim. Soc. Arcmil, 2. JU, 1809; A. Wigand, Ann. Physik, (4), 22. 64, 99, 1906; 

E. DonathandJ Mayrhofer,&r., 18 1688 1883; J. R.Rydberg,Zeil.ptps.CAem.,83.363,1900; 

F. Zantedeschi, Oiom. Pis. Chim. Hal., 222,1852; H. Kopp, Liebig's Ann. Suppl.,3. 1,,289,1866 ; 
Liebig's Ann., 128. 362,1863; W. Hampe, it., 183. 76,1876; W. G. Miatcr and E. S. Dana, it.. 
169.388,1873; H. Moissan and H. Gautier, Ann. Chim. Phys., (7), 7. 668,1896: Compt. Send., 
116. 924. 1893 ; L. Trooat and P. HaiHeleuiUo, it., 70, 185, 1870; BuU. Sac. Chim., (2)? «. 



22 


INORGANIC AND THEORBTICAL CHEMISTRY 


213, 1870; M. Berthdot, ib., (2), 12. 4, IsOO; Ann. Chim. Phys., (6), 15. 186, 1878 ; (6) lA 
442,1879 < H. V. Regnault, ib., (3), 63. 6,1861; G. Schmidt, Sitzber. Akad. 407 1866 • 

A. Schraul, Pitgy. Ann., 126. 177, 1865; 127. 175, 344, 1866; J. H. Gladstone, Proc. Jloy. 8oc' 
18. 49,1870; T. W. Richards, Jonrn. Amer. Chem. Soc., 37. 1646,1916; C. M. D^pretz, CmtA 
Hen^., 29, 54.^ 1849; A. Ditto, ih., 70. 621, 1870; L. Troost and P. Hautcfeuille, >6., 78. 620 
1871; D. <le Baisbaiidran, ib., 76. 8J13, 1873; Spedre.8 luminmx, Paris, 1874; G. Salet, TraiU de 
fipedma}jnt', I’Rris, 1888; Ann. Chim. Phye., (4), 28. 5, 1873; L. Dieulafait, ih., (5), 12. 318 
18774 Om///. Htnd., 85. 605, 1877 A. de (Iramont, ib., 145. 1279, 1907; 146. 1280 1908* 
M. Bidttud. i7... 76. 489. IH73; 86, 387,1878; J. C. McLennan and .M. L. Clark, Proc.. Roy. Soc! 
tOZ. A, .789. IU22 ; K. Honda, .-km. Physik, (4), 32.1027, 1910; F. Koref, ib., (4), 36. 4^, 1911 ; 
H. F. IVolnT. Proyrttm. Jahm/eifr Aknd. Hohcnhem, 56. J, 1874; Pogg. Ann., 154. 367, 553, 
1875; Phil. Mug., (4). 49. 161. 276, 187.5; W. A. Miller, A, (3). 27. 81, 1845; H. A. Rowland, 
A, (5). 36. 49. |893; Adron. Adroyhy^., 12. 321, 1893; 11. A. Rowland and R. R. Tatnall, 
.AHlToyhgH. 4(>uni., 1. 14, 1H9.5; W.HutnphreyH, A, 6 . 232, 1897 ; H. Rose, Pogg. Ann., 102 . 
MU, IH.H ; J. I-. \V, IlfMclicl. Hoif. Hoc. Edio., i. 445,1832"; J. Placker, Pogg. Ann.. iOi. 
113, 1858; H.T,Simnilcr.t5.„116. 242, 42.5,18112 ; A. MitscliCTlkh, .6., 121. 469,1864; F. Meyer 
and K. Ze|i|iniT, Her., 54, H, ,5,5(1, 1921 ; K. JlcittyiT, Joiirn. prM. Vliem., (1), 66. 392. 1862 • 
V. M(r/ |6 , (1). 96. 179. 186(1; H. Bilti, Her., 41. 2634, 1908 ; 4^ 397, 1910 ; L. Oattermann, 
Wddm, ,k, 11. 712, 1878; V. Merr, and W. Weitli, ib., 8. 1518, 1873 
R. 1 hak-n. I!jmh Ihnv. Arwh., (3), 6. 9, 1866 ; C. 1’. Smyth, Aalron. Obs. Min., 18. 86, 1871 • 

"™’ *■> : W. Weith, Ohm. CetUrb., 

'■ ^'N>^<"'.’l‘hlog’<iphd HpertM, lamdnn, 1877 ; 0. Ciamician, Sitzber. Akad. 

.V' "' 5,,'^^';;, 106, 494, 1897; Tabdk der Vvnkenlinen, 

nii-n. mi ; InMb dir Itogridinrn. Wien, 1904; A. Hagenbadi, WdUner'a Festschrift, 128,1905,- 
A. llagenha. li arid II, Kiinon, yK/nj *r Fmmmmpreira, Jena, 1905; H. (iilbert, Zeit. angew. 

'7,^ Torim, (2). 17. 364, 493,1868 ; (1. Sartorius, Abhand. 

['!'■ • I'ehrdrr Krijitaliformendes hors, (lottingen, 1867 ; A. (Ihira, 

Uiaz.t hm lhl..2Z. 4i)l, 1893; H. N. Warren, ('Aon. Nm.lh. 64, 1990; K. TicdeandE. Birn- 

mlv '"‘fv "’'■'"•'■““I’. J<X‘r«. l»d. Ktuj. (’hem., 3. 299, 1011 ; 

6. 196 , I9I.I; VI. K, .Mntt, Trans. Amir. F/ertrorhm. Hoc 34. 555, 1918; R. A. Millikan, 
MWi' 1 !'• Mdlikanandl S. Bowen, Phgs. Rev., (2), 23. 1, 

; ’T"’ 1. 1019 ; A. L. Hughes, Phil. May,, ( 6 ), 

R « H i i ’ ■ '*■ I'V Zed,, 28. 262, 1922; 24. 225, 1923; 

Ohm. Sin.. 39, 213, 1881 ; W. N. Hartley, A., 43 , 390 , 1883; Proc. Hoy..'tor., 35. 301 1883- 

o' Sue"' ih 126, 1893; 

» 7 ’".®'* des hor, Bonn, 1906; Zed. triss. Phot., 4. 172 1906- 

idv'ofXmm^ ' T j’ I’ldersitchmign tlber das Verhalten der Metall- 

mue in ktammen w, verschtedener Tem]iemlure, Berlin, 1907 ; J, II. Pott, Obmmtionum tt 

t -l'®!-' 3. 3. 19J3 ; F. Michaud, CWyl. Rend,, 

® Aold'l. Ball. Acad. Bek/., 7. 166, 1921 

43 l() 88 ^st^'M'S'me?- '*****’’ "'SWof «I><1 ». St. C. Doville, Vompt. Bend.. 

pts m j'>’« “ i'- “• “'I®' “*W; Ann. Chim. 

7). 6 . .60. 4-8 180.); (,), .- 9 . m. 1896; (7), \i 289, 1899; J. L. Gay Lussac and 
In ()8 • 'f Paris, 1 . 276, Al 1 ; Bull. Soc. Philodth!, m 1 10 

Zi. 1 lo/i W*M ll' ‘f*;, 311.1»» : E- Uaviea, Pharm. 

B ' 'I”"-. 218- 113. 1883 ; 221. 125, 1883 ; 

eLillVi ' I sL U ^ 8 . 'V ■ HoHmaim, Herirhl fiber die Einwicktlnna der 

1889 • i I **'^*‘®*' J**- Hix«n, Proc. Roy. Soc., 45. 1, 

riaL«- *D»«..2. 113, 1824; F. Ageim 

866 ■' '"'®1 Urwdorff, Chem. Centr. ti), 6 

rirLst«fdR Hm.teZil 1. -f .f,A.»• »28jn, 1899; 



^46 IflOn • H w'v • 1 A. B. dn Jasaonneix, Ann. Chim. Phm., (8), 17. 

M 73« . y’er' ""°^ ‘*'’“ ’*E2«l,1916; B. Keiniter,Bdriifr. aU Wien 

TO -<’»"• ^‘‘f^roehem. Soc^lt m 

mmim- O ‘tt G. Charpy, ib.. 

iro<imetH)«i..k. ii.m,xm • ’ ”• ''™”- 

!•£• T»n>“»nn dour* OToil. Chem., (2), 46. 436,1892. 

J evil .*• ®- To™'. *'*«• WH- Jef^rn., it. 124, 1828 ■ 

Ja'W. MeUor, d4 Trcaftte on QuarUttahve /tunyanic Analy&u, London, 1 576,1913. 



BORON 


23 


* V. Kietsinsky, MiUtUungtn aus dem O^ieU der rtinen vnd angewandUn Cktmit^ \\»n, \ 865; 
V. Dobrovolsky, C?on<r^(io«« to (ke Chemittry of Boron and its Compounds, Kieff. 1869; R. Lorens. 
Liebig's Ann., 2/VJ. 226, 1888; £. iYankiand, Proc. Boy. 8oc., 26. 105, 1876; Compt. Rend., 
iin. 798,1808; A. £tard, ib.. 91. 637, 1880; H. Moissan, i6., 115. 271. 1802 ; H. Copaux, lA, 
127. 719, 1898; N. DeUuney, News, 97. 99, 1908; Compt. Rend., 146. 1270, IW7; 
A. Laurent, > 6 .. 29. 7,1849; G. D. Hinrichs, ib., 130. 1712,1900; Monit. Scienf.,{*k2i. 733, 1907 ; 
T. Thomaon, Ann. Phil., 7. 245, 1824; A. Michaelis and P. Becker, J5^.,*18. 58, 18^; 
P. Georgievic, Journ. prakt. Chem., (2), 38. 118, 1888; A. Arfvedson, Schu'tigger's Journ., IS. 8, 
1823; J. J. Beraelius, ib., 23. 160,1818; Pogg. ^wn., 2. 126,1824 ; 8. 19,1826; Afhotdl. Fysik, 
4. 1, 18J5; R. FreBenius. Ze*t. anal. Chem., 3. 262, 1864 ; J. B. A. Dumas, ,1nm. Chtm. Phys., 
(3), 55. 181,1859 ; J. L. Gay Lussac and L. J. TWnard, »6., (1), 68 . 169, 1808; F. Wohlor and 
H. St. C. Deville, t 6 ., (3), 62. 84, 1858 ; H. Gautier, ib., (7). 18. 352, 1899 ; ('ompt. Bend., IM. 
678, 1899 ; W. Ramsay and E. Aston, Joitru. Chem. Soc., 207, 1893 ; J. 1,. Jl. Abrahall. ib., 
61. 650, 1892; F. P. Armitage, Proc. Chem. Soc., 14. 22, 1898; ChcjA. Scim, 1% 78, 1898; 
N. Leonard, ib., 77. 104, 1898 ; 0. Honigsehinid and L. Birckenbach, Ann. Soc. Kspnn Fie. 
Quim., 20. 167,1922 ; Ber., 56. B, 1467, 1923 ; J. BtJeseken, Hec. '^rat\ Chim. Pays Bos, 37. 184, 
1918 ; Proc. Acad. Amsterdam, 26. 97, 1923 ; P. H. Hermans, ib., 26. 32, 1923 ; H. Davy, Phil. 
Trans., 98. 82, 1808; E. Rifnbach, Jkr., 26. 164, 1903; F. W. (3«rkc, A Recalculation of the 
.4/Offiic Weighie, Washington, 255, 1910; PJtH- Mag., (5), 12. 101, 1881*; Amer. Chem* Journ., 
3. J263, 1881 ; T. W. Richards, ib., 20. 543, 1898; B. Brauner in R.^Abegg, Handburh der atioi- 
ganischen Chemie, Leipzig, 3. i, 5, 1906; C. Councler, Journ. prakt* Chem., (2), 18. 371, 1878; 
M. W. Travers and P. C. Kay, Proc. Boy. Soe., 87. A, 163, 1912; A.^^took, E. Kuss. and <). I'riesH, 
Ber., 47. 3115, 1914 ; A. Stock and K. Kuss. tb., 58. B. 314, 1923 ; ZrU. awry. Chnn., 128. 451, 
1923; F. H. Locing. Chem. News, 135. 239,1922; J. Schumacher, Ueber lioroinum und Titavouium- 
.■<alze, Zurich, 1906 ; 0. P. Baxter and A. F. Scott, ticience, (2), 54. *24, 1021 ; Proc. Amer. Acad., 
59 I 1923 

F. W. Aston, Nature, 109. 468, 1920; Phil. Mag., (6), 40. 628, 15)20; G. 1*. Baxter 
and A. F. Scott, Science, (2), 54. 524, 1921; A. 1). Monroe. Journ. Cbm. Soc., 121.9Ht5, 15)22 ; 
K. Rutherford and J. Chadwick, Phil. Mag., (6), 42. 809. 15)21; (6), 44.417. 1922; K. H. boring. 
Chem News 126. 239, 1922; N. Sidgwiek, Journ. Soc. Chem. hia.—Chem. iml., 42. 120.1, 
1923; 0. Kirech and H. Petterssbn, Phil. Mag., (6), 47. r>(K), 1024; H. V. A. lirwiw. and 
P. L. Robinson (private communication). * 


§ 4. The Borides 

H. Davy i stated that potassium united with boron to form a grey mass of 
potassium boride which wa.s decomposed by water into ])ota.ssium hydroxide, and 
boron hydride ; but J. h. Gay LuH.sae and h. J. Thenard sni<l that only a mixture ia 
formed in this wav. H. Moissan found that the alkali metals can b(‘ distilled ffom 
horon without reaction, but by reducing boric oxide with metallic sodiuln lie found 
a little sodium boride is formed. • • 

H.Giebelhausen^ said that amorjjlious boron is not dissolved and is hardly wetted 
by molten copper. H. N. Warren eleetrolyzc<l a molten borate with a molten copper 
cathode, and obtained w'hat he regarded as a copper boride ; K. H. and A. 11. (’owles 
iwed a mixture of boric acid and ^pper as an i^lectrically heated rcsistam'e, and they 
found a little boron raised the tenacity of copyer without affecting its resistance. 

R. S. Marsden claimed to have prepared a coppor bor^e* CU 3 B 2 , by heating for 
3-4 hrs., to a temp, above the m.p. of copper, a mixture of the two elenumts in a 
[mrcelain crucible placed in a graphite crucible and packed with carboik Iho 
reddish-yellow metallic mass was cleaned from the boron nitride. The product 
had the colour of iron pyrites ; it is hard enough to scratch bronze but not steel or 
glass; it is malleable but brittle; and its sp. gr. is 8116, that o4 cof)per being 
8*921. Analysis agreed with CU 3 C 2 , or Ou : JK^u.B : Cu. K. Nischk Jescribwl 
pr^aration of alloys of copper and boron ; on the contrary, A, B. du Jassonneix 
found that* boron is insoluble in coppjfr at the temp, of the electric furnace; 

S. A. Tucker and H. R. Moody also failed to make a copper boride, and they 
added, “ there does not seen; to be any affinity between boron and the members 
of the copper group.” 

H. Giebelhausen said that amorphous boron is not dissolved, and hardly wetted 
by molten silver. Similar results were obtained by A. B. du Jassonngix with silver 
and boron as he obtained with copper and boron. Boron was found by H. Moissaft * 
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to precipitate metallic silver from a sob. ol silver nitrate ; and the brown precipitate 
obtained by P. Sabatier by passing gaseous boron hydride into a soln. of silver 
nitrate was found bv C. Winkler to be metallic silver. H. N. Warren claimed to 
have made an alloy of silver with 3 per cent, of boron-as silver boride by heating 
potassium borottuoride with sodium and silver in a blast flame ; and a 6 per cent, 
alloy by heating a mixture ol horon oxide, silver, and magnesium in an iron crucible 
lined with carbon. The yellow regulus dissolved with difficulty in nitric acid, and 
was little attacked by hydrogen sulphide. . 

According to If. C. Geelmuyden, when a mixture of boric oxide and calcium 
carbide is heated for .f mins, in an electric furnace, calcinm boride, CaBs, is 
formed. E. Wedekind obtained a theoretical yield by heating in an iron tube under 
press, a niixturc of ;i0 grrns. of calcium metaborate with 50 grms. ol calcium, and 
extracting the product first with dil. acetic, acid, tljen with dil. hydrochloric acid, 
and finally with hot water. Barium borate and calcium treated in a similar manner 
gave » product which always contained some calcium. W. Muthmann and 
b. Weiss made calcium boride by heating a mixture of calcium and calcium 
borate at B. Jiingst.and R. Mewes made calcium boride, and barium 

boride, BaHo, by heating'tlie chloride or fluoride with an excess of boron in the 
electric furnace, and H. Moi.s.san and P. Williams made both these borides as 
well ttx strontiam boride, Srlig, by boating an intimate mixture of the alkaline 
earth borate, say, borate (KKK) grms.), sugar charcoal (20(.) grins.), and alunrinium 
(630 grms.) in a carbon crucible, in an electric, furnace for 7 mins. The powdered 
crystalline product was washed with dil. hydrochloric acid, and the residue 
boiled with tlie cone, acid, washed with water, and then with I'ther and toluene. 
The jiroduct was treated in turn with hydroHuoric acid, water, and ether until the 
latter was no longer coloured. The resulting boride was contaminated with a little 
graphite and boron carbide. A. Btock and W. Ilolle found the product of the action 
of calcium on boric oxide is calcium boride, not boron as suppo.sed by H. Moissan. 
All three borides arc black crystaHine powders con.sisting of ri'ctangular or cubic 
crystals which are transparent in thin layers and have a yellowish- or reddish-brown 
colour. H. Moissan gave for the s|). gr. of calcium boride, 2'33, strontium boride 
3'2fi, and barium boride 4'3C, all at 1.5''; E. Wedekind gave 2T1 at 18° for the sp. gr. 
of calcium boride. - The crystals scratch the ruby but not the diamond. The borides 
all tnelt in the electric furnace. E. W'edekind found that calcium borideris a con¬ 
ductor ol electricity, and if an arc, be struck between tv/o electrodes made by com¬ 
pressing powdered calcium boride, the masses sinter leaving a product which cuts 
glass. When heated in air, calcium boride is superficially oxidized. H. Moissan 
found that hydrogen has no action on the boride, at a red heat; fluorine reacts in 
the cold with incandescence ; chlorine reacts at a rM heat, forming chlorides of the 
constituent elements ; bromine and ipdine act more slowly ; bromine water, or a 
mixture of potassium chlorate and hydrochloric acid, acts slowly ; the red-hot boride 
burns when heated to redness ; water at ordinary temp, has no action nor does it 
act under press, at 250°, but above this temp, a skin of boric acid and calcium 
hydroxide is formed ; the hydrogen halides attack the, boride slowly at a red heat; 
the eorrespohding acids have no action ; sulphur acts at a bright red heat; dil. 
sulphuric acid has no action, while the cone,'acid furnishes sulphur dioxide ; nitrogen 
at 1000° has no action ; ammonia docs not act at the softening temp, of glass ; 

I ^1. and coV- uitric acid act vigorously; oxidizing agents like lead oxide or 
potassium nitrate* act energetically at a red heat; and similar remarks apply to 
potassium carbonate, hydroxide, and hydipsulphate. 

P. Lebeau * claimed to have made a crystalline mass of berylliain borida or 
pssibly beryllium boroearbide, BcjBjCj, of sp. gr. 2 4, by melting beryllia with boron 
in a carbon crucible. The product was not attacked by hydrofluoric, hydrochloric, 
sulphuric,' or nitric -acid; it was not attacked by oxygen at 20°, but there was a 
alight action ^at 800°; and chlorine attacked it with incandescence at 460°. 
T.*Ii. Phipson,® and H. Moissan claimed to have fliade a mass containing magnesium 



BORON 


26 


boride by reducing boric oxide with magnesium ; the dark green mass was decom¬ 
posed by wafer. A. Geuther made magnesium boride, MgaB-j, by heating sodium 
fluoborste with magnesium ; E. Jiingst and R. Mewes heated magnesium chloride 
in an electric furnace with an excess of boron and obtained a grey mass of the boride ; 
K. Jones and R. L. Taylor represented the reaction between magnesium and boric 
oxide by 6 Mg-f-B 203 =Mg 3 B 2 -f 3MgO, and the reaction between boric chloride and 
magnesium by 6 Mg-f 2 BCl 3 =Mg 3 B 2 -|- 3 MgCl 2 . Th*c product obtained by thclast- 
named.process Is black and deliquescent owing to its being contaminated with 
some magnesium chloride. This product has much impurity ; when treated with 
cone, hydrochloric acid, spontaneously inflammable gas is obtained, presumably 
derived from the presence of magnesium silicide, as an impurity. A. Jtoek and 
C. Massenez made magnesium boride by heating to redness an intimate mixt\ire of 
■powdered boron trioxide with tjirec times its weight of magnesium powder in a thin- 
walled iron crucible. Tlie. yield is reduced if tlie teraj). is too high ; if a.clay or 
porcelain crucible be used, the product is contaminated with silicon ; and n nickel 
crucible is more attacked by the fuscS mass than an iron crucible. The fusion is 
best conducted in an atm, free from oxygen and nitrogen. The. boride is but slowly 
attacked by water with the formation*of traces of borbn hydride; it is slowly 
attacked by acetic acid, and rai)idly attacked by a sulphuric or hydrochloric acid, 
forming a mixture of boron hydride ga.se 8 contaminatad with traces of carbon 
dioxide and silicon hydride ; a brown residue remains undissolved, and the soln. 
contains derivatives of the lower boron oxides. M. W. Travers and 1’. (1. Kay 
showed that probably mopnc.srMni diboriile, Mglh, or Mg 2 Br, also exists. 

H. St. C. lleville ij made an alloy of aluminium with boron by melting the metal 
with borax, boric acid, or po'tassiunj fluoborate. H. N. Warren also introduced 
aluminium into a fused mixture of fluorsji.ir and boric acid. In both cases the white 
alloy was brittle. T. S. Hunt made aluminium boride by the electrolysis of boron 
with fused alumina and powdered'earban. K. Wohler and 11. St. C. Deville showed 
that the so-called (/rapMformige Burs is really aluminium diboride, AIB 2 , or AI 2 BJ, 
and they made it by heating a mixture of boron and aluminium, or of boric oxide 
and aluminium for a abort time at not too high a temp.; by passing boron chloride 
over heated aluminium ; or by melting a mixture of potassium fluoborate (8 parts), 
jiotassium and sodium chlorides ( 1(1 parts), and aluminium (.6 parts) at the ni.]). of 
silver. The e.xcess of aluminium was removed by treatment with bydrocldflric 
acid; sodium hydroxide; “hnd hydrofluoric acid. F. E. Weston and 11. K. Ellis 
reduced boron trioxide with alunrtniuiu powder by the thermite reaction, and, boiled 
the product with hydrochloric or bydrortuorie acid, or fused it with bora?; 
and extracted it with watew. A residue containing aluminium boride and alumina 
remained. F. Wohler and H. !^t. C. Deville said the crystals of aluminium boride 
were six-sided plates, and W. Sartorius von Waltershausen made some observations 
on them. The former regarded them as identical with the monoclinic crystals 
measured by W. H. Miller, but it is not clear what crystals the latter really did 
measure. W. Hampe said that the ciystals of the diboridc appear as copper- 
red plates, and he showed that the crystalline boron prejiared by F. ^yohlcr 
and H. St. C. Deville is really a mixture of alununitun dodecaboiMb, AlBx 2 , or 
AI 2 B 24 , and aluminium borocarbide— q.v.' W. Hampe made it by fusing aluminium 
with boric oxide ; by fusing aluminium with boriq oxide and cryolite or.fluorBpar; 
and by passing boron fluoride over heated aluminium. The first profess gave the 
beet results, the most important condition for the success bcifig the absence of 
carbon; the temp, of melting iron majptained for 2 to 3 hrs. was sufficient to 
produce the crystals, but the yield was larger at higher temp. According to H. Biitz, 
the black crystals, being specifically lighter, can be separated from those of 
aluminium borocarbide by flotation in a mixture of methylene iodide and benzene. 
A. Joly also prepared crystals of the dodecaboride, and H. Bilt»inade it by heating 
a mixture of boric oxide (250 grms.), sulphur (260 grms.), and alumini^ (600 «'ms.). 
The cold product was decomposefi by water, the resulting aluminium hydrefttWe 
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removed by levigation, and the globules of aluminium picked out. The mass was 
digested'successive!V with cone, hydrofluoric acid, hydrofluoric acid and dil. hydro¬ 
chloric acid, for many days. W. Hampe stated that the crystals are black or in 
very thin laminee dark red, and yield a brownish-red powder ; they belong to the 
tnonoclinic system ; H. Riltz gave a:h: c=0'7130 :1: 0*7139 for the axial ratios ; 
W. Hampe said that the sp. gr.^at 17 2° is 2*5345 ; H. Biltz found 2*455 ±0 005 at 
18°^°. The hardness is greater’than that of corundum, and smaller than that of the 
diamond. According to W. Hampe, the crystals become steel-blue when heated in 
air, and do not change when h»*at<‘d in oxygen at the temp, at which the diamond 
easily burns ; they are not attacked by hydrochloric acid ; scarcely attacked by 
an aq. 8o||i. of potassium hydroxide ; scarcely attacked by boiling cone, sulphuric 
a(dd ; gradually dissolved completely by hot cone. nitric*acid—with the production 
of some aluminium hydroxide ; oxidized with inca^jdcscence by molten potassium' 
hydroxide, or lead chroi;iatc ; not attacked by molten potassium nitrate ; and slowly 
dissolved by molten*potassium*])yro8ulphate.^ This boride forms a fusible alloy with 
platinum. H. Oiclxdhausen found that amorphous boron is not dissolved, and hardly 
wetted by molUm thallium and no thallium horide has been made. 

H. Moissau " noticed that when boron*is vaj>orized in the electric arc, the tips 
of the electrod(*8 have black mus.ses formed by the union of carbon and boron to 
form boron carbide or oarbon boride, and he stati^d that when the two elements 
are heated in the electric furnace, two borides are formed—one carbon hexabohde, 
(Rfl, is stable, and the other product is alone attacked by a mixture of potassium 
ehlorate and nitric acid. The hexaboridc w'us found by A. Joly among the products 
obtained in the fjreparation of adamantine boron H. Moissan gave three 

metho<ls of preparation : (i) by passing an ay.' between carbon electrodes which are 
bound together with a mixture of boric oxide* and aluminium silicate—the product 
was found to be contaminatexl with silicon carbide ; (ii) by heating amorphous boron 
with carbon to about 3(KX)°, either by placing tht]^ mixture directly in the arc, or by 
exposing it to the raditmt heat of tlie arc in a small cover(‘d carbon crucible ; and 
(hi) by dissolving boron and carbon in certain metals- silver or copper- in the 
electric furnace, and dissolving out the metal with nitric acid. H. Gautier also 
emj>loye‘d the last-named proc(*ss, which is considered to he; the most suitable for the 
purpose. 8. A. Tucker and H. J. W. Bliss introduced powder'd boric oxide into an 
are*furnace in which a layer of petroleum coke at the bottom of a carbon crucible 
formed oiu* pole, and the other pole consisted of a grilphitc rod hung vertically. 
J. N. IViiig and W. Fielding fitted a strip of carboil in watcr-coolcd brass tubes filled 
with graphite and pieces coppered and soldered to tlie brass tubes. This arrange¬ 
ment was fitted in a large glass globe through which a mixture of boron chloride and 
hydrogen was allowed to circulate, when the carbfln strip W'as at 1.500°, a deposit 
of free Iwron was fonuod ; at 1750°, boron carbide commenced to form ; at 2150°, 
large crystalline masses of the carbule were formed ; and at 2200°, the boron carbide 
was disjH'tsed (not volatilized) and deimsited on the water-cooled brass tubes. 
According to K. Podszus, at about 2000° boron nitride is converted by carbon, 
carboiv monoxide, or hydrogen and carbon disulphide into boron carbide. 
J. M. Logan made the carbide by heating njixtures of boric oxide and carbon in an 
electric furnace; and C. E. Parsons, a mikture of borax and carbon.# K. Nischk 
studied thaforaiation of carbon bjoride, and the affinity of carbon for boron. 

Carbon Tipxaboride is a black crystalline substance with a metallic lustre. 
H. Moissan gave 2*51 for the sp. gr., S. A. Tucker gave 2*7, and A. Joly, 2*542 af 
17°. S. A. Tucker said that the compojind is harder than silicon carbide, and 
H. Moissan also noted its extreme hardness, Hence, it was recommended by 
H. Moissan for cutting diamonds ; and by S. A. Tuttker for drills in rock boring; 
for cutting rocks and glass ; grinding wheels; in wire-drawing, etc. J. N. Bring 
and W. Fielding gaare 2350° for the in.p., and added that it does imt undergo any 
appreciable decomposition or volatilization below 2800°. W. R. Mott said that ^ron 
CJiftlde boils a^ve the b.p. of carbon. S. A. Tucker and H. J. W. Bliss add that it 
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oonducta electricity, and it has been utilized for electrodes by F. in the 

(■onstruction of electric furnaces by E. G. Acheson, and for making lamp Hlaments 
by C. R. Bohm. According to H. Moissan, carbon hoxaboride gives no carbon 
dioxide when heated in oxygen to 500°, and it burns slowly at 1000°, but more 
n'adily than the diamond, forming carbon dioxide and a black mass containing 
boric oxide. A. Joly found that when heated in chlorine, a residue of carbon mixed 
with a little aluminium and ferric chlorides is produced, and H. Moissan said f-hati 
chlorine acts at 1000° without incandescence, producing boron chloride aid black 
jKirous carbon. Under similar conditions, bromine and iodine have no action. 
Boron carbide was found by H. Moissan, and S. A. Tucker and H. J. W. Bliss, not 
to be attacked by any acid—indeed, the former .said that boiling oonc. hydrofluoric 
acid and nitric acid, alone ©r mixed, have no action, and when heated with fuming 
nitric acid for 4 hrs. in a sealed.tubc, there is but little action, and likewise also with 
a mixture of iodic and clwomic acid ; S. A. Tucker and II. J. W. Bliss found that a 
mixture of hot nitric acid and potassiym chlorate, and boiling sulphuric acid have 
no action. H. Moissan, and S. A. Tucker and H. J. W. Bliss found that boron 
carbide is decomposed by molten jiotassium hydroxide* with the evolution of 
carbon monoxide; it is also decomposW by a fii.^ed mixture of potassium and 
sodium carbonates. 

O. Muhlhauserolaimed to have made carbon inanolwridc, CB, orCjB„by hoatlnKaiui.xCuro 
of boric oxide and carbon in an electric furnace. Thc^ KrR|*hite*liko mans was boated in a 
platinum crucible for lira., j(owden*d, boiled with hydrochloric acid, tiltored, washed, 
again boiled with hydroi'lilovn* acul. and finally with ti niixlim' of this acid and hydrofluorh' 
acid. The black powder couhl scarcely ho distinguiHlied from graphite ; e.g. it blackonoil 
the fingora like groplnte, otc. Us analysis was rcprom'iiteil by B.'. C- feB. It Ix'haves 
like H. Moissan’s hoxaboride towai’ds reagents - c.g. iil a higher temp, it bocotnes soft and 
melts ; it bums with difficulty in oxygen ; it is insohihlo in nouily all tho solvents; it is 
decomposed by fusion with alkali hydroxides or carhonales; and it is oxidiiMid by healing 
It with lead chromate. Hence, added S. A. TuckiM and H. .1. \V. Bliss, “ O. Muhlhansor 
actually obtained a mixture of carbifle and graphiti*, owing to the dilficulty of separating 
the latter; and ho failed to obtain any large nmssi's of tlio product because of the very 
higli temp. nocesBary." 

H. Moi.ssan and Stock ® heati'd one part of boron and five parts of (TVfdallinc 
silicon for about a minute in a vessel of refractory clay by mean# of an alternating 
currmit of 6(X) amps, and 45 volts. The cook'd ma.ss was tri'ated with a mixturtt of 
nitric and hydrofluoric acids in order to n'lnovc excess of silicon, and thew-rystalline 
portionof the residue after heating with moist fiotussium hydroxide wa.scxtraetQd with 
dilute nitric acid and hot water and dried at 130". The product consisted of a mixture 
of two borides, SiBs ami SiB^, containing about 80-fi0 per cent, of the latter. The 
hexaboride is readily oxidized boiling nitric acid, whereas the triboride is only 
slowly attacked by this reagent; 1;he latter compound, on the other hand, is decom¬ 
posed by fused pota.ssium hydroxide, whilst the fgrmer remains unclianged. Silicon 
triboridc* SiBs, forms black, rhombic plates which, when very thin, ajipear yellowish- 
brown by tran-smitted light; its deasity is 2 52. The silicon hexaboride, Siltfl, is 
always obtained in thick, black, opaipie crystals with somewhat irregular Jaccs; 
its density is 2'47. These silicon borides, like the Iwride and silicide of carbon, are 
very hard, b%ing intermediate between the diamond and ruby in the scale of hanl* 
ne.58 ; they are soluble in fused silicon and conduct elecl-ricity. Wheiwgenjly heated, 
they are decomposed by fluorine and are attacked*at higher temp, by ^lilorina and 
bromine, but not by iodine or nitrogen. They become superflAally oxidized by* 
lieating in air or oxygen. They are not affected by the haloid acids, but arc slowly 
dee«ompo8ed by boiling cone, sulphuric acid, and rapidly dissolved by fused potassium 
carbonate or by a mixture ot this compound with potassium nitrate; the latter 
salt alone has no action on them. 0. P. Watts did not succeed in making definite 
borides by the action of boron on silicon at a high temp. 

H. Moissan obtained a diamond-hard boride by heating the two 

constituents in an electric furnace. 8. A. Tucker and H. R. Mo6dy prepsfwxl 
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sirconitUU boridOi by heafing a mixture of 15 grms. of zirconium with 

2'2 grmfl. of boron, for 5 minH. in a carbon crucible with the aid of a current of 
200 amps, and 65 volts. The product was a button, blackish on the outside, 
brittle, and of a steel-gn'y colo ur on fracture. Under the microscope, it proved to be 
an agglomeration of brilliant, tabular, translucent to transparent crystals, many of 
these being colourless. It had a sp. gr. 3'7 and a hardness 8 . It was slowly attacked 
by hot cone, acids and aijua legia. Boiling liquid bromine attacked it feebly. 
E. We(b;kind obtained wlyit he regarded as zircomu?n borocarbtde by reducing 
zirconia with boron in an electric furnace; black crystals separate from molten 
copj)cr. 

A. B. du Jassoiineix® foun<l no signs of the formation of a tin boride when the 
two elements are heah'd in an electric furnace; and Giebelhausen found that 
amorphous boron is not, dissolved and i.s hardly wett<^d by molten lead or tin. 
No kdd boride has been re{>orted. K. Wedekind and K. Fetzer obtained a 
micro'cystalline mass by h«‘ating an intimate mixture of thoriu and boron in a 
magnesia crucible at a high temj>. According to A. B. du Jassonneix, if a mixture 
of thorium oxide and bo*ron is heated for three minutes in a carbon boat in an electric 
furnace, with a curnmt of 5 (M) amps, and I(K) volts, the mixture assumes a metallic 
appearance, and fusion occurs only after some minutes with a current of 700 amps. 
The hard bronze-yellow or red product contains masses of needles, and is slightly 
carbonized only in th(‘ vicinity of the boat. When treated with hydrochloric acid, 
a gas containing liydrogen and hydrocarbons is evolved; it burns with a green 
Hame ; and leaves a residue containing the tetraboridc or a mixture of tetra- and 
hexa-borides. The product containing not more than 10-12 per cent, of boron 
furnishes u yellow metallic powder of thoijum tdtraboride, ThB 4 , consisting of 
fragments of j>ri.suiatic crystals and having a sp. gr. 7*5 at 15". It is dissolved by 
cold cone, hydrochloric acid, by cold nitric acid with tlie formation of boric acid, or 
by hot sulphuri<; acid. Below a red heat, it is attacked by hydrogen chloride, by 
chlorine, or by sulphur with formation of boron and tliorium sulphides, and it burns 
when slightly heated in contact with fluorine. The bronze-yellow to red product, 
containing over 12 per cent, of boron, contains a mixture of the borides from which 
the tetraboridc is removed by extraction with cone, hydrochloric acid ; the remaining 
thoriam hexaboride, ThB(j, is an amorphous, reddish-violet, metallic substance 
which has a sp. gr. 6 4 at 15", is not dissolvi'd by eonc. bydroeliloric, hydrofluoric, 
or sulphur.c acid, or by u(]. alkali }iy<Iroxides, but diS-solves easily in hot nitric 
acid and burns when siightly heated in fluorine.* It is attacked by chlorine and 
oxygen below a red heat, by hydrogen chloride at a red heat, and forms boron and 
thorium sulplihles when heated in sulphur vapour. 

Boron reacts with nitrogen, forming boron nitride {q.v .); and with phosphorus 
forming boron phosphide {q.v.), but borides of the arsenic family have not been made. 
8 . A. Tucker and U. R. Moody failed to make a Msmuth boride. H. Giebelhausen 
found that boron is not dissolv«‘d and is hardly wetU'd by molten bismuth. 
H. Moissan first pix'pared crystalline chromic boride by heating the two elements 
in a cjrbon crucible in an electric furnace. 0. V. Watts also made some impure 
chromium borides by heating a mixture of potassium diehromute, borax, calcium 
carbide, fluorspar, and aluminium in an ‘electric arc furnace. S. A 4 Tucker and 
H. R. Moody obtained diromittni monoboride probably CrB --by heating a mixture 
of l(bgrm 8 .*p{ chromium and 2‘1 grms. of boron for 6 mins, in an electric furnace 
—175 amps., 60 vMts. A product with the same composition was made by A. B. du 
Jassonneix by heating a niixture of chroijiium sesquioxide and boron and treating 
the product containing 16 per cent, of boron with hydrogen chloride or chlorine ; 
and by E. Wedekind and K. Fetzer, by heating amorphous boron with chrome 
thermite mixture in a fire-clay crucible. S. A. Tucker and H. R. Moody’s product 
was green and crystalline with a sp. gr. 5; E. Wedekind and K. Fetzer’s product 
was bilvery-whitc and crj'stalline, of sp. gr. 5*4 at 17° ; and A. B, du Jassonneix’ 
pftfiuct had'a sp. gr. 61 at 15°. This boride is hard; melts with difficulty; 
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■onducta the electric current; and ia feebly ferromagnetic. It doea not change 
irhen heated in air, or in oxygen at a red heat. A. B. du Jaaaonneix found that it 
wacta with cold fluorine with incandeacence ; suliihur eonverta it into sul|ihide ; 
irhen heated with nitrogen there ia only a auperficial action, forming a greyiah-black 
mbstance which gives ammonia when fused with potassium hydroxide ; and cold 
hydrofluoric, hydrochloric, and sulphuric acids react. E. Wedekind and K. Fetrer 
laid that the dil. acids have no action, and that hydrofluoric acid, a mixture of 
hydroflyoric and nitric acids, and a mixture of nitric .and hydrochloric ceida act 
very slowly ; hot cone, sulphuric acid is reduced to sulphur dioxide ; and molten 
potassium hydroxide, nitrate, or chlorate acta feebly, hut it is decomposed vigorously 
hv sodium dio.xidc, forming chromate and borate. A. B. du Jaasonneix fyund that 
ebromittm ditlitaboride, OtsBo, can he isolated from an alloy containing 110 per 
cent, of boron by the action oHiyilrogcn chloride below 4 red heat, it has a sji. gr. 
G '7 at 10 °, burns in fluoriilg when gently heated, and is attacked with incandescence 
by chlorimc below a red heat; the action of bromine is less vigorous, whilsh iodine 
apour has only a superficial action at’a red heat. When heated in air or oxygen, 
n, becomes covered with a vitreous layer of the borate ; it ia converted into a mixture 
of boron and chromium suljihides togetllhr with imchangi’d horon hy the action of 
boiling sulphur; it ia completidy solnble in cone, or dil. hydrolliioric, hydrochloric, 
or sulphuric acid, and ia oxidized with incandescence by fused alkali hydroxides or 
carbonates ; it is not acted on by nitric acid or alkali soln., or hy nitrogen at a white 
beat. 

According to S. A. Tucker and II. It. Moody, molybdenum bonde, MoaBj, la 
obtained by heating a mixture of the two constituent elements in an electric furnace 
for 20 mins. The crystalline nlass has^a aji. gr. 7105 ; and hardness 9. It melts at 
a very high temp., and is not easily attaeked by acids. 0. P. Watts also made a 
soln. of molybdenum boriile in a large excess of molybdenum, hy heating in an 
electric arc furnace a mixture of ntolyhilcnite, boron oxide, and aluminium powder. 
H. Moissan prepared a tungsten iSoride which scratched glass by beating the two 
elements in an electric arc furnace, and S. A. Tucker and H. R. Moody ohtained 
tungsten boride, probably WB.^, hy fusing a mixture of the two elements in an 
electric arc furnace. The silvery product contained octahedral crystals of S]>. gr. 

9 0 , and hardness 8 . It was slowly attaeked by cone, acids, and vigorously Jjy 
aqua regia. 

L. Troost and P. Hautcf(*uillc n jircpared small violet-grey crystals of manganese 
fliboride, MnB^. by heating manganese earhide with horn.', oxide in a carbon crucible : 
Mna 0 -l- 3 B 2 O 3 -f 8 C=^ 3 MnB. 2 -l- 9 (,'O. 0. Matignon and H. Trannoy ohtained necdle.- 
like crystals by tiring according to the thermite process an intimahi mixture of 
manganese and boric oxides, ainFfinely powdered aluminium in a crucible lined with 
magnesia ; and 0. P. Watts obtained’a mixture of the two mangane.se borides by a 
similar process. A. B. du Jas.sonneix said tjbat the jiroduct always contains 
aluminium from which it is purified by beating it in a stn'ain of chlorine, 
and washing out the chlorine successively with ice-cold water, alcohol, and 
ether. The sp. gr. of the greyish-black or greyish-violet crystals, according to 
A. B. du Jassonneix, is 6'9, and that of boride, according to E. Wedekind, 
is 6 04 at 19°. The last-named found this boride melts when heated on a 
platinum foil, and there is some oxidation. . According to It. Troost and 
P. Hautefcuille, the heat of formation is 2'487 Cals, per gram. E, We^'kind fnund,, 
that the powder compressed into a block does not conduct electricity, but it ia 
strongly magnetic, and possesses considerable permanent magnetism. According 
to L. Troost and P. Hautcfeuille, and E. Wedekind, this manganese boride is decom¬ 
posed by water at 100°; and in the absence of water it is very stable ; L. Troost and 
P, Hautefeuille said that the boride dissolves readily in aeids with the evolution of 
hydrogen, while E. Wedekind said that cone, hydrochloric acid dissolves it only 
when heated, and that aqua regia attacks it slowly, otherwise, dil. aqjds, including 
acetic acid, dissolve the boride eaily. L. Troost and P. Hautcfeuille said that 
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iydrogen chloride attacks the borfde slowly at a red heat; and that alkaline soln. 
dissolve it slowly below 100°. Mercuric chloride quickly converts it iftto manganese 
chloride, boric acid, and hydrochloric acid; and mercury cyanide attacks it in the 
presence of water. A second compound, manganese monoboride, ,MnB, was 
prepared by A. B. du Jassonneix by reducing manganese oxide with an excess of 
boron in an Electric furnace, and removing the accompanying products by treatment 
of the powdered material at a d&rk red heat with chlorine, following by washing first 
with w%ter, and then with ^leohol. E, Wedekind made it by a similar process ; and 
0. P. Watts, by firing a mixture of aluminium, boric oxide, and manganese dioxide 
according to the thermite process. A. B. du Jassonneix said that the crystalline 
powder has a sp gr. of (i'2 at I.')". E. Wedekind found that it is strongly magnetic, 
and pos?es8es considerabh^ permanent magnetism. • According to A. B. du 
Jassonneix, this boride burns in Huorine at the ordinary temp., is attacked by 
chlorine or bromine at a red heat, whilst the actionbf ioiiiuc at a high temp, is only 
suj)crficiul; it forms a fusible borate when heated in oxygen, is not attacked by 
nitrogen ; it slowly decomposes, cold water*forming magnetic hydroxide and boric 
acid ; diss<dves in dil.'hydrochloric acid, and is attacked by hydrogen chloride or 
hydrogen lluoride, nitric'or 8ul|)huric acid ; by the action of ammonia at 1(100°, a 
compound is obtained which contains nitrogen, is not attacked by acids, and yields 
manganates and borates with evolution of ammonia on fusion with alkali carbonates. 
E. Wedekind found that warm < on<'. sulphuric acid is reduced to sulphur dioxide, 
and that cone, nitric acid attacks it at ordinary temp, with the evolution of red fumes. 

If. Moissan j)reparcd iron monoboride, FeB, by the action of the va])our of 
boron chloride in reduced iron at a dull red heat, or by the direct union of iron and 
boron at 12(K)° in an atm. of hydrogen. If the temf>. is too high, boron carbide will 
be formed. The product is heated with hydrochloric acid, and the residue washed 
successively with water, alcohol, and ether. Matignon and E. Trannoy prepared 
a mass of tough prismatic needles of iroji boride by heating a mixture of ferric 
oxide, boric oxide, and aluminium in an electric furnace. According to H. Moissan, 
iroti boride forms brilliant ycIlowish-grey crystals, sp. gr. T'l.'j at 18°. Iron boride 
does not alter in dry air or oxygen, but in moist air it becomes covered with an 
ochreous layer. When heated in oxygen, it takes fire, and then burns brilliantly 
without further c.\traneous heat. In all ca.ses, amor])hous iron boride is much more 
rendily attacked than the crystalline compound, and since the action of oxygen on 
the boridcss greatly accelerated by the presence of moishurc and carbonic anhydride, 
the incandescence sometimes observed during the drying of impure amorphous boron 
may be attributed to the presence of amorphous iron boride. It is attacked 
by chlorine at a red heat, with incandescence, and even more readily by bromine, 
with the formation of a double iron boron bromidw, but iodine and hydrogen iodide ' 
have no action even at 1KKI". Dil. hydrochloric aSid has no action, but the hot cone, 
acid attacks the boride slowly. Pydrofluoric acid also attacks it slowly, whether 
hot or cold. The boride is attacked by sulphur and phosphorus at high temp. 
Pota.saium nitrate and potassium chlorate are without action at their m.p., but at 
highej temp, attack the boride with incandescence. Fused alkali carbonates and 
hydroxides decomposed it rapidly and completely. Cone, or dil. sulphuric has no 
action in the cold, but the boding cone, acid converts it into ferrous tulphate with 
evolution^f sulphurous anhjdride. Very dil. nitric acid dissolves the boride only 
when hot, B,jit the cone, acid attacks it with violence. When grey cast iron con¬ 
taining about 3'2^r cent, of carbon is strongly heated in a porcelain boat brasqued 
with boron and contained in a porcelain tube through which a current bf hydrogen 
is passed, the boron displaces the carbon, which is reduced to 0'36-0T4 per cent., 
whilst at the same time the quantity of slag prcsgpt in the iron is considerably 
tednoed because the boron combines readily with the impurities. The residual 
iron contains 8 to 9 per cent, of boron. Similar effects are observed with white 
casPiton, the carbon in one case being reduced from 3’85 to 0'24 per cent., and the 
sM^ from 0'S8 to 0 06 per cent. When cast iron containing 10 per cent, of boron is 
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to 10 times its weight of grey cast iron fua^d in a forge, there is still a notable 
^placement of carbon, and the metal has a lamellar structure, is very hard, and 
esembles white cast iron in appearance. 

A. B. 4u Jassonneix prepared two other borides by heating mixtures of iron, 
educed by hydrogen, and boron in a stream of hydrogen in a porcelaip tube ; the 
»ne, iron heiDib(^e> FegB, forms steel-grey prisms of sp. gr. 7 37 ril 18®. It is 
)xidized by dry air at a dull red heat, but is readily attacked by moist air at ordiitary 
omp. It is dissolved by cold com*, nitric acid, and by hot dil. nitric aoi(^ or hot 
liydrocffloric or sulphuric acid. The other, iron diborido, FeBj, coiitaminati*<l with 
] per cent, of carbon boride, resembles oast iron, but is slightly yellow, and hard 
[‘nough to scratch quartz. Its sp. gr. is r) 0 at 18°; it is oxidizt‘d by moist air; 
and dissolved by hot cone, jiydrochloric or nitric acid, leaving the carlion^borkle as 
a residue. 

The thermal diagram qf th(‘1>inary .syskun iron and boron has been investigated 
by (i. Hanne.sen, and N. Tachischewsky and A. Herdt, .for mixtures with up to,about 
12 per cent, of boron. The former fbund the solubility of Iwron in iron to be 
greater than did the latter. Jioth agree that a eompcund'iron pentahemiboride, 
FejBs, is formed which, according to G. 4Iannesen, nu'lts*at 1300°, and, according 
to N. T.schischew.sky and A. Herdt, at 
1325°. For the saturated mixed crystals, 

Fig. G, the former obtained 025 ])er 
eent. of boron, the latk*r 0‘08 per cent. 

The former gives 1105° for t)ie «‘utectic, 

/s', with 4 per cent, of boron, the latter 
give ll.‘}0° with ()‘3 per eent.* of boron. 

According to the former, the mued 
crystals have a maximuiti boron content, 

P, of 0'8 j)er cent., the latter gttvi*3'5 per 
cent. ; 0, repr^-sents mixed cryStals of 
iron boride witli a-iron containing 0 25 
l)er cent, of boron, according to the 
former, and 008 j)er cent, of boron, 
according to the latter. The forruer 
gave 720° for the decomposition temp., 
the latter gave 760°. Tin* former gave 
1400° for the transformation temp, of 
8 -iron into y-iron, the latter gave 1320°. G. Hannesen alone gave a 8j)eeial curve 
for the transformation of y-iron mixed crystals into jS-iron mixed orj’stals. There 
is also evidence of the hemiboride. N. Farravano and G. Mazzt'tti pro])ared a 
boride by heating iron to 900° iif an atm. of boron trichloride. H. W. Gillet and 
B. Mack studied the effect of boron on steel. 

H. Giebelhaxisen found that boron readily dissolves in molten nickel. H. Moissan 
prepared nickel boride, NiB, and cobalt boride, CoB, by heating their constituents 
in crucibles, brasqued with boron, in an electric furnace with a current of 300 
amps, and 50 volts, or in a reverberatory furnace fed with gas carbon. The product 
is treated wii^ dil. nitric acid, and the borides are obtained in brilliant prisms which 
are often several mm. long, are magnetic, and about as hard as quart;, fhe sp. gr. 
of the nickel compound is 7*39 at 18°, and of the c6balt compound 7‘25? They are 
attacked by chlorine at a dull red heat, by bromine at a higher temp., and by ’ 
iodine at the softening temp, of glass. They are not affected by dry air or oxygen, 
but alter rapidly in moist air, especially in presence of carbonic anhydride. Fused 
alkali chlorates, nitrates, hydroxides, or carbonates dissolve and decompose them ; 
water vapour at a dull red heat converts them into oxides and boric acid, and acids, 
cone, or dil., attack them with varying degrees of readiness. The nickel and cobalt 
borides are analogous to the iron borides previously described, and may likewise 
be used for introducing boron int*) a metal such as iron. A. B. dh Jassonneix 


IfiOO” 

\ 

— 

— 

— 

— 

— 

- 

-- 

- 







^ 1^00° 
5 

md" 

G 

bod" 

L 

■ 



-- 

\ 




■ 




k.: 



i 

■ 


m 

Kf 


m 

m 

m 


i 

1 

LI 

1 

1 

i 

i 

i 

i 

■ 

1 

i 

i 

1 

■ 

1 



1 


J 

i 


1 

1 

1 

I 

8 

8 

! 

9 

Mi 

IB 

s 

■ 


B 


B 

B 

1 

1 

11 

li 

■ 

i 

■ 

8 

i 

iB 

1 



to 


Percent:, boron 

Fkj. U. - Frceziiig-poiiit Cwrvo of Mixtvfros 
of Iron And lIoroiM 



32 


INORGANIC AND THEORETICAL CHEMISTRY 

prepared cobalt hamiboride, C 02 B! and nickel hemiboride, NigB, aa well as cobalt 
dlboride, CoB^, and nickel diboride, NiBg, by methods similar to those employed 
with the corresponding iron compounds. A. Stock and E. Kuss obtained nickel 
hemiboride by the action of di- and tetra-boron hydrides on a soln. pf a nickel 
salt. According to A. B. du Jassonncix, the product from cobalt and boron, 
containing a’bout 5 per cent, of the latter, consists of an agglomeration of small, 
elorfgatcd, prismatic (crystals; It is only very slowly attacked by hot hydrochloric 
acid, let^ving a residue which is still less easily attacked. This consists of the boride 
C 02 B in the form of small,* brilliant, steel-groy needles, with a sp. gr. 7’9 at 20®, 
which are violently attacked by nitric acid and slowly oxidized by moist air. 
The nickel mass, containing 5 per (^ent. of boron, has a microcrystallinc structure, 
and is vfry slowly attacked by hot hydrochloric acid,*but leaves no residue, and 
the compound Ni^B is isolated by dissolving the excess of nickel clectrolytically 
in nickel chloride soln. The boride forms small,* ver^;* slender, yellow, acicular 
crystals, with a 8p..gr."8’0 at 20®, which are violently attacked by nitric acid and 
are slightly oxidized by long exposure to moist air. Borides of cobalt and nickel, 
containing more than 20 per cent, of boron, arc more easily prepared in the electric 
furnace. N. Parravano and 0. Mazzetti prepared a nickel boride by heating nickel 
to 900° in an atm. of boron trichloride, 

II. Giebelhausen stiidkid the f .p. curve of mixture of nickel with up to 20 per cent 
of boron, Fig. 7. The curve ha.s ma.xima at 1225° and 1100°, corresponding with the 

compounds Ki 2 B and Ni^Bo respectively, the 
latter of wdiicli undergoes a transformation 
at 1050 '. A com])ound, NiB, is indicated at 
about 1020° Without giving a maximum. 
The <‘urvc then rises rapidly, suggesting a 
maximum at the composition Ni 2 B 3 . Only 
the la;5t of these compounds forms solid soln. 
and only the alloys containing free nickel are 
magnetic. The compound Ni 2 B is slightly 
harder than quartz, whilst the compounds 
richer in boron are somewhat harder, but 
are scratched by topaz. The borides, FeB 2 , 
C 0 B 2 , and Nil32^ represent tlic superior limit 
of the combinatioft of boron with the respec¬ 
tive elements. 

H. V. C. Descotils fused platinum along 
with carbon and boric acid, and obtained 
what may hnve been a boride or a boro- 
carbide. According to H. Moissan, when 
finely divided boric acid and potqjssium are licated in a platinum crucible, a con¬ 
siderable amount of platinum is taken up. F. Wohler and II. St. C. Deville obtained 
a silvery-white platinam boride by heating platinum with boron. Cubic crystals 
of sp, gr, 17‘32 have lvM*n found in the bused nuiss. The colour of the boride 
resembles platimim, and it can be readily ground to powder. The boride is very 
slowly soluble in aqua regia, and boric acid separates from the soki. Analyses 
by C. A. Martbis agree with .the formula FtoBj. J. G. Rose reported the presence 
of platinum in borax, but E. tl. Bryant showed that the borax was contami 
‘nated with an impurity. 
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§ 6. The Hydrides ol Boron or Hydroboron^ 

There is no evidence of the direct union of hydrogen and boron, even at 1500°, 
although the union can be effected by indirect means, and quite a number of boron 
hydrides have been prepared^ In 1810, H. Davy' noticed that when the mass 
obtained in the preparation of boron by the reduction of boric oxide with potassium, 
is treated with water or dil. hydrochloric acid, a gas is obtained which -is mainly 
hydrogen, but it has a disagreeable odour, and burns with a blue flame tinged Vith 
Voi. V. . * b * * 
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2 re«n. He accordingly amuraed *at the hydrogen obtained in this way la mixed 
with a ainall quantity of a ram|ioiind of hydrogen and boron. E. Wohler and 
H. St, C. Dcville (18.58), ami H. Moiman (1893) tried in vain to prepare a boron 
hydride by th(^ action of dil. hydrochloric acid on aluinimuni boride, and by the 
direct union of the. elements; and G. Gustavson (1870) likewise /“'M *o “ 
boride of hySrogen by the action of sodium amalgam on boron trichloride at 150 , 
altkoup;h .‘tilicon hydridi’ ran b<f obtained by the analogous reaction. V. C. Vournasos 
also obtained tiorurretted hydrogen by heating boric oxide with sodium and sodium 
format^, or with sodium formate alone. H. B. Baker and H. B. Dixon <5bserved 
that boron ocelud'*s hydrogen with great tenacity. 

In of F. Wohler and U. St. (J. Deville’s failure, F. Jones (1878), and F. Jones 
and R. II. Taylor flHHI) obtained hydrogen mixed with ap])reciable quantities of 
wbat was [ireHuiiiably Imron bydrule by treating magnesium boride with dil. hydro- 
ehlorie acid. The reHiiItJi were conlirmed by B. Sabatiej; {18!)1), who showed that 
although F. Joiie-s and R. L. Taylor’s gas contained hut sntall traces of boron hydride, 
yet tKe amount sufficed to impart to the gas a disagreeaf^^mel!; to make the 
"hydrogen burn with a green flame ; to make the gas give^^ipwn precipitate, soluble 
in nitric acid, wlicn biibljed through of silver §3^; to give a ring of boron 
when passed through a red-hot tube so boron ; 

and to attack mercury, forming a brown 8 uppo.sed boron hydride is 

decompow'd liy treatment with potash lye, forming orli.nary hydrogen with a slight 
increase in volume; it is also decomposed by a stream of ele<^jij)ark 8 ; by a soln. 
of potassium permanganate, etc, C. Winkler also obtained a similar 

W. Ramsay and H. 8 . Hatfield (JUfH) found that F. Jones' gas could be dried 
by potassium hydroxide or pho 8 ])horuH pentoxide, and Is* frozen to a white 
crystalline solid by cooling with liquid air. iVfter removing the gases from the solid 
in vacuo, the crystals were warmed ; they melted and vajiorized. giving a gas with a 
frotid odour and density ll)'3r), and which burqt in air with a green flame. The 
gas wa.s decomposed by electric sparks, aiftl tln’^proflucts gave analytical numbers 
in agreement with the formula B 3 H 3 , and it was called triborene. Further attempts 
to make the gas gave another one which, unlike the first, decomposeil when treated 
with sulphuric acid, and with potassium hydroxide. The density was 18'1, and 
W. Ramsay and H, 8 . Hatfield therefore coneluded that there are two isoinrrn with 
th^ formula B 3 H 3 .* This has been explained hy as.Hiiming that there are four different 
gaseous tr^bomnes, namely, saturated and unsaturuted triborene. and saturat(*d and 
unsaturated cycloborene with tervalent boron : , 

BH BH 

• SiituMtnl. UiiaaturaN'il. 

Cvt’lGfioroiii'. 

W. Railway ami H. S. Hatfmld found t hat, in the preparation of triliorem', BjH,, 
the exit gaseH ('oiwi.sted of a mixture of hvdroyen and boron trihydride. The latter 
was atatr'd to be a eolourle«.s jras with an unpleasant and eharaeteristic odour, and 
which, when inhaled, produced sickness and headache. It dissolves in wato, and 
the soln. does not change on standing; it burns with a bright gn'cn itaiiie, forming 
boron trid-vd.^; and it is dheotnposed into its constituents at a red heat, or by 
•eleefrie spai+te. Jt gives a black precipitate with silver nitrate which contains boron 
and silver, and which is decomposed by hot water with the evolution of boron 
hydride. When boron hydride is passed'into ammonia, it acquires a foetid odour, 
and burns with a yellow-green flame ; and the eharacteriatic ainell of boron hydridd 
reappears if the ammoniacal soln. is acidified; it uniVs with ammonia, furnishing a 
product which can be frozen to a white crystalline solid. The gas wss not obtained 
pure, but when burnt with hot copper oxide, the analytical data correspond very 
ngarly with koron trihydride, BH,. 


IL- B 
* ^B-H 
H,--B/ 

.Hiiturnli'tl. 


H,=B , 

;B 

H - li"'-' 

Unsntiir.-ttt‘<l. 
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A. Stock and hU co-workers have not Men abte to establish the eiistencc of any 
■ these compounds; although qualitative evidence makes the existence of one or 
(lore gaseous boron hydrides B„H„ highly probable. In truth, a miHvre of gaseous 
loron hydrides can be prt'pared under these conditions; but they add that the 
.greement of the analytical figures of W. Ramsay and H, S. Hatftejd with the 
ormula BjH.^ a|)pears rather as a chance coincidence. • 

There is also evidence of the existence of solid boron hydrides; for examfile, 
i. Keinitzer (1880) obtained a solid hydride by washing with hot water the mass 
djtained’by fusing boric oxide with potassium under a layer of sodium chloride; 

Winkler (1889), L. Uattennann, and W. Ramsay, and H. 8 . Hatfield found a solid 
lydride. which the two former believe to be Ball, in the residue obtained by treating 
nagnesinm boride with boiling hydrochloric acid ; H. .Moissan (189S) olflained a 
lolid hydride in the preparation of F. Wohler and H. St. ('. Deville's amorphous 
loron by treating the crude uiaA with distilh'd water instead of with hydrochloric 
acid ; and R. Lorenz alsolound that boron prepared by rr'ducing boric aciifwith 
sodium or potassium is invariably accoilqianii'd by a solid hydride. Formula' like 
BsH; Ba.,H, ftr., lirtvo hi'cn assigned to thcw' products, IJMt the evidence is far 
from srttisfaetorv. . ’ . 

A. Stock and co-workers liave studiful the jiroduet of the action of acidn on 
magnesium ho'ride very (dosely. Tliey obtained tdm l)oron hydrides. Those 
eorresponding with tlie sf'ries UH 4 an* called honnies; tlms, nionolmrane or simply 
borane is HHj; dihorane, ; <‘tc. The corn*sn()nding univalent radiele 

HH;j is called monoboryl; the radicle liO. horoyl; and for the Oil flerivatives of 
the horanes the termination ol is used. Thus, lk,H 50 H WfUild he dtlxmivol. Thi'V 
found that the best yield of boron hydrides is obtained if magnesium boride be 
dropped, in small jiortions at a tifue, int(fsul])hurie or bydroehlorie acid not too dil.- - 
say, two,four, or eight times normal between -Hi' and The isolati<»n of the 
various hydrides iscomj)heat(*d by the ])reacnce of silicon hydrides, and this could not 
well be avoided .since it was not fountl possible to make magnesium entirely free fron\ 
silicon. Th(* gaseous products are washed with water, dried by calcium chloride and 
phosphorus ])entoxide, and coiulensf'd a.s far as possible by licjuid air. 'Fhe crude 
condensate is then fractionully eondensed or distille<l. . 


V m£or 


Tho uppHiHtua is illustrated iu Kig 8. The is pleeed in a tliiA A, fitted (i) with 

a eondenser F and exit tube // ; (ii) a nioreury safety valve 0 ; ami (lii) a coil / of leifd 
tuhiiiK fed with water fniin the toiidensi'r. The neck of the flask Ii 
is fitt»*d with a glass cylinder contQjnmg powdonsl bnnde 1<» he 
gnulually added to the acid in tlio flask *•!. The powder is con- 
tmually agitated hy the rotation of a metal tube fitted with lugs rc 
as shown in the diagram. 'I'he tulx^ is joineil tff a rod which pa-sscs 
through the mercury seal <' and is slowly rotated by the pulley l‘ 
eonnoctedwith a motor. A slow current <»f hydrogen pa>ys(‘s through 


T 


the' tube and side-neok /.>, down 
the iTK'tal tube through an 
' ojiening k, and into tiio flask A. 
The powder falls through the 
opening m at a rate which ran 
be regulated by tho speed of 
TOtation of the central roil. 
The flow of goe can thus Ik' 
regulated by the agitator. The 
gas is partially freer! from water 
vapour (i) by the condenser F ; 
then passes (ii) through the 
small wash'bottle containing 
water so that the bubbles can 
l>e counted j thence through 
(ill) a U-tube one half of which 
contains calcium chloride and 







Hydrogen 


5 ^0. a.—Stock's Apparatus for Preparii^ Boron Hydrictos. 


the other half phosphorus pentoxide. The gas then passes through (iv) a U-tub© receit^er fitted 
with sto{)cocks, and cooled by liquid air; lOt) grms. of boride give about 70 litres of goe, frt)m 
which a^ut 96 c.c. of the hydride B^H jo*^nd 0*02 gim. of the hydride BfHn oafibe obtain^i* 
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The condeiued liquid readily deodjepoeea, end it explodee when exposed to the sir. llie 
receiver is therefore fitted with another system of U-tubes, mercury ga.uge, and special 
tubes for receiving the particular fractions to bo collected. The crude gas is passed through 
a tube cooled by liquid ammonia (Iwtween — 45* and — 35*1 whereby white crystals of the solid 
BigHif are coller'ted ; then through a largo U-tulto cooletl by a mixture of acetone and solid 
carbon dioxide i between —82° and —75°) in which a little of the hydride B,H,oi some silicon 
hydride, anthmuch of the hydride ftiHu, is condensed; and finally the main bulk of the gas 
is condenaed*wit,h liquid air. 'Ibe liquid can bo freed from silicon hydride, carbon dioxide, 
phfisphine, and hydrogen sulphide by reducing the press, to a few millimetres while tho 
temp, is kept at about ~ 80*. Tho liquid is then warmed to about 20“ under a press, below 
3 mm. Vhon the mors volatile hydride, comes off. This hydride is removed by 

distilling the residue at —40* under a press, of about 1'5 mm., and the temp, is raised to 0* 
under a press, of 0 to 10 mm. The residue fiirnislics tho doenhydride BeH|j when distilled, 
while the press, falls to 5 mm. 
a 

No dibomne, BjHj, was found in the crude gas ; mid the production of niano- 
boram, BH4, or triboram, BjHj, could not be estabjished. As just indicated, tetffi- 
boron' decahydridfii B4H10, or borobutsne, is isolateds’from the products of the 
actioA of an acid oh inagncsiuin boride. It,i8 a colourle.ss liquid gas with a disagrcc- 
ablo smell. A few btiljbica of the gas alicct the resjiiration, and produce a headache. 
The compound is rather unstable and begins to decompose at the room temp, in a 
few hours, forming other boron hydridch. Thit vap. press, of the liqui4 at 6° is 
.bSO mm.; at 10°, 630 mm.; at I.'i", 710 mm.; at 16°, 740 mm,; and it boils 
between 16° and 17° (766 mm.). The solid melts at about —112°. This compound 
is rapidly decomposed when heated at 1(X)°, forming three solid hydrides, and at a 
higher temp, it is resolved into its elements B4Hjo=4B-l-r)H2. Even at ordinary 
temp, the purified gas decomposes fairly quickly into hydrogen, diboranc, and less 
volatile hyilrides. It iiiHame.s spontaneously when expo.sed to air or oxygen. 
Vapour density deti'rminations and analy#e.s of Ihe gas agree with the formula 
B4H10. This is also consistent with the products of the action of the gas on 
alkali-lye, or on water or dil. hydrochloric acid. This reaction can be symbolized : 
B4Hio-l-li!H|,0-4B(OH)3-|-llH2. (lone, nitrjj’ acid causes explosion, pota,ssium 
permanganate soln. is rajiidly reduced ; and gaseous ammonia gives a brown solid 
insoluble, in water and po-ssibly diamminoboiobutane, B4H]|).2NH3. Assuming 
that boron is quadrivalent, the constitution of this compound can be repre¬ 
sented Blls.BIIj.BHo.BIIa -thus recalling the hydrocarbon butane, 04H,o, or 
(’4jl3.Cllj,.CH2.CH3. 

Small^ quantities of pentaboton enneal^dride, BsHo, arc present in the higher 
boiling fractions of the crude condensate, but its isolation from this source is extremely 
difficult, and it is more readily obtained from tHc pcoducts of the decomposition of 
■ tetraborane at 1(10°. It is a colourless, mobile, not highly refractive liquid with 
an I'x^mely unjileasant oilour; it is the noxious comjionent of the crude 
boron ^drides. It is slowly deconqiosed by i^ater, but otherwise fairly stable. 
A. Stock and co-workers also i.solated hezaboron decahydride, B«Hio, from the 
crude condensuta. as a colourloss, moderately highly refractive liquid which is 
less mobile and not so unjileasant in odour as the other boron hydrides. It 
decomposes slowly when preserved in daylight at the atm. temp., giving small 
quantities of hydrogen and diboranc and mainly a yellow crystalline solid, 
possibly bexaoosiboron bezatriacontitv^e, BjgHje. 

The action of dil. acid on magnesiuni boride, as indicated above,•furnishes a gas 
whose alialj^is and vapour doosity agree with tho formula for hexaboron dodeoa- 
hjtlide, BsHi^ or boiohezylene, but the data are not sufficiently accurate to 
decide definitely the exact amount of hydrogen. This hydride is a colourless 
highly refracting liquid with an unpleasant odour, and is spontaneously inflammable 
in air. The vap. press, of the liquid at — 40 ° is about 1 mm.; at 0 °, 10 mm.; at 
10 °, 15 mm,; and at 24 °, 25 mm. The liquid boils at about 100 ° (760 mm.). Hexa¬ 
boron hydride readily decomposes, it becomes yellow in a short time, and finally 
deposits a solid. It is more resistant towards water and moisture than the tetra- 
jwron hydride. In contact with alkali-lye, hexaboron hydride gives off hydrogen. 



BORON ^ 

* • 

.^traboron hydride does not Assmui.^ ttat 
„/fnrl na^ous liquid, and solid products of decomposition. The ^^ous 

gi£5fe^5f.|lfgf~3 

:ti~h,d,id,.tatu.\k.Bji,..i.(~ 

density determinations agree with the orm 2 i’g q , gjj q . a„a the action 

of water: X7 1 „ n mr thus resembling the hydrocarbon 

this compound may iJ,V i„ stable than the t.jtraboron 

iS; ^lU:L?oflimspmiL 

Hiiiiiii 

at 100». The liydrogmi is rep laced by Ihe halogo n. An i^x ss of Mlog g 

rrai'5 

monobromo^dride, BjH.Br, is a colourless fuming gas with ” . 

'ri,evap.pre^oftheUquidat-80»is3mm.; at;-40»,.53mm,; at-10 
and it LFls at about 10° (760 mm.). It burns with M'^c gr*;!:" , HBr-tr.H 2 . 

bromide reacts with water as symbolized: Sut ^ 

Like the hydrides BaHj, it also reacts mth alkali y*’’® ^m,jjjo(Qj,yjriae, 
does not reict appreciably with sodium. The a.mlogous dlbown ^ 

BaHjCl, is niorb volatile, and less stable than thc.bromo-denvativt j « 

spontaneously inflammable gas. ,11 -r m for 48 hrs at * 

A mixture of three solid hydrides is formed »'y/‘“‘‘‘/"S „\,ati„g 

115° to 120°, or the tetraboron hydride at 100° for 4 or 5 hrs 

it, .ih, tfd 

csi. “£r..r.,£rr,isjr: 
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further Htmiied. The colourleeH iion-voltttile hydride is soluhle in carbon disulphide, 
stable in water, and forms a yr-llow aoln. with sods-iye. It probably contains 12 
atoms of boron in the mol. It decomposes when heati’d, forming a liquid hydride, 

. The mol. wt. of the volatile solid in benzene soln. agrees with the fornnila BjoHj 4 . 
Deeaboron V’tradeeahvdride is a colourle.ss solid with a js'netrating odour. When 
headed in vaeuo it forms long golourle.ss needle-like crystals, of .sp. gr. 0 94, which 
melt sharply to a clear li(piid at Hit’.')'. It is .soluble in carbon disulphide, alcohol, 
ether, ifnd benzene, but is not attaekeil by waO-r, for it floats in a molten oondition 
on boiling watrT at KM)' Dil. sorla-lye dissolves the solid hydride, forming a solid 
soln. It is reduced by potassium peririangunate, and is slightly attacked by nitric 
acid. The fuwd mass begins to decompose at 2()t)', forming yellow jiroduets. The 
▼ap. does not decompose to any appreciable e.xtent in h short time at 4(M)°, but at 
titXl’' it decomposes ints) its elements boron and hysirogen. Bromine and chlorine 
react sluggishly with the .s<did ilecaboron hydride, B|ul^i 4 . not additively, for the 
hydrofceu is replaerd by the halogi'ii. Whan the solid hydride i.s allowed to stand 
in contact with an excivis of bromine for about six months, the [iroduct, on eva)iora- 
tion, furnishes a residue with a composition ranging between RjQH|.dlr 2 an<l 
Bii)Hi|Ura, and the separated individuals were i.solated by fractional crystallization 
from a mixture of beiiip'ne and light petroleum. The alkaline soln. of these bromo- 
derivatives, when acidifiAl, yields tetraboron decahvdride, JLHjo- Both the acidic 
and alkaline .sidn. reduced potassium permanganate ; the former gradually evolves 
tetraboron and other hydrides which have not been identified. 

The di- and tetraboron hydrides, l^llnand BjHiq, dissolve in sodium hvilroxide, 
forming s<dn. which contain hypoborates, and wdiicji gradually decompose, forming 
borates. A. Stsick and E. Kuss (Ittbl) comJude that the first stage of the reaction 
is in accord with thi'equation : ILll,,, t INaOII 11.^ [ t.NaORlbj; and the .second 
stage B 4 H 10 I 4Nut)ll i 41LO -INalK)^ ( IIH._.^ 'I’he last-named reaction occurs 
rapidly when the soln. is warmed. Pota«siuni.'liypoborate, KOBH:^ was obtained 
in octahedral, colourle.ss, delique.scent crvstals by treating a soln. of potassium 
hydro.xide with an excess of tetraboron livdride at )i . in the presence of moisture, 
the hypidiorates deiannpo.se at room temp, in aeeord with tlm equation ; 2KOB1I.J 
f 21120 2 KH ()2 I hlL. The hypoborates are strong reducing agents, stronger 
indeed than hypophospliites and give piecipitates w it li must sails, but in.soluble hypo¬ 
borates have not yet been prepared W itii copper .salts, eojqier hydride is formeil, 
and with nickel ,salts an insoluble black nickel boride, NVI!. I’otu.ssiiim'liypoborutc 
dissolves in alcohol with partial decomposition.' At .Slit)', it jiartially decomposes 
into pota.ssium,_liv(lrogeii, water, etc.: IliKtlHII., gKalb.O,, 4 IK-|'4H.,0 [ 1IH.,. 
Ihc resulting KiiltjO-j is hygro-scopie The aip^.solii. has an alkaline reaction; 
sjowly decolorizes pota.ssium permanganate ; and gives a vellowisli-brown colora¬ 
tion to warm nitric at id With siilphurie acid, it gives hydrogen and boron hydrides. 
The aq. soln. obtuiiud by treating magimsiiim boride with water has properties 
similar to that of a soln of KaBjOj. Sodium hypoborate resembles tlm potassium 
salt; magnesium hypoborate could not be isolated from .solti. The failure 
to ohtain a boron hydride with a single boron atom, analogous with the boron 
trihalidcs, and with the boron alkyls, BfCRds, etc., is significant. Triphenylmethyl, 
C(* lias been nqiorted. but no carlm'n trihvdride (Tb, is known, hence, the fact 
that B(t’W ^3 Is known does liotr definitely prove that BH 3 can likewise exist. The 
, faiItTre may*be (fjie to our ignoranci’ of the right conditions for its preparation, or 
because BHj is so very unstable that if it were momentarily formed, it would 
immediately polymerize to Bgllj, just as E. Frankland (1862) found that boron 
ethyl above 149° has a vapour density in ago'ement with the formula B(C 2 H 5 ) 3 , but 
below 101 '6°, there are signs of a |K)lymerization to B 2 (C 2 H 5 ) 8 , 

A, Stock emphasized the peculiarities shown by the Imron hydrides in furnishing 
lortpulw'which are not explained by simple and constant valencies; the great 
Hpiuity of boron for oxygen which is shown ^by the ready decomposition of the 
hydrides by water; the^inclination of the molecules to iiolvmerize to form hydrides 
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of high mol. wt., and non-volatile oxides and nitrides ; and the instability of com¬ 
pounds containing positive and negative radicles—c.</. the compound 
decomposes into a hydride and a chloride. A. Stock considered that in H^Hq. 
B4H10, BioH| 4 the boron is quadrivalent. M. h. Maurice assuimd that 

the double-bonded atoms of boron have a greater tendency to form wid maintain 
complexes than carbon atoms, and that the residual aflinity of this double-hoi^d is 
strong enough to hold hydrogen atoms, but is incapable of bolding larger atomu^ 
nuclei. • He then proposed a structural formula for analogous to ethybuic ; 
one for B4H10 analogous to butylene ; one for analogous to benzene; and 

one for BioHj^ analogous to naphthalene. 

• 

• Hkkkkkncks. 

• H. Davy, PhU. Tmiw., M. 8r).,I809; R Wohler and li. St. C- Deville. .I««. f'hm. Phy^., 
(3). 52. 88,1858; (». Ciustava<f8, Xeil. ('htm. Phyn. Moth., (2), 6. 522,1870 ; F. .lonoK, <'hfr}i. AVm'«, 
88. 202, 1878; Journ. ('hem. Sor., 35. 41, 1870; R Jones and K. b. Tayjor, tb., 39. 21^, 1881; 
W. Ramsay and H. S. Hatlield, Proe. Chem.tioc.. 17. 162, 1001 ; H. Lorenz, Luhig'n diiH., 247. 
240, 1888; P. Sabatier, Contpt. liend., 112. 80i7, 1801 ; V. ('. Vournafjf)8. ib.. 150. 404, 022, lOlU; 
H. M^.issan and P. Wilhains, tb.. 125. 020, 1807; H. Moissoq, tb., 117. 423. 1803; ,1hh. (’him. 
Phyit., (7), 6. 200,1896 ; B. Reinit7.<*r, Mouabth:. 1. 702,1880 ; JSttzb(r. Akod. Il’irw, 82. 730, 1K81 ; 
H. B. Baker and B. B. Dix«)n, Proe. Hoy. Soe., 45. 1, 1888; M. J^. Jlug^jins. Joitro. Phtj/i. I'htm., 
26. 833, 1022; h. tJatternmnn, Her., 72. 196, 1885); ('. Winkler. A. 23. 772, 185H); A. SU>ek 
and (’. Massenez, tb., 45. 3.630. 1012 ; A. Slo4-k and K Frwleriri. Vi . 46. I5).65). 1013; A. St^ii k. 
K. Frederici. and O. PriesH, tb., 46. 33.63, 1013 ; A. Stock atnl K. Kush. ib.. 47. 810. 1013 ; 56, 
B. 780, 1023; A. ■Sl4Kk. R Kuss, and (). Priess, tb., 47. 3116, 1014 ; A. Stock, tb., 89. 108, 
1017 ; 54. A, 142, 1021 ; Zcil. omjne. 341, 1022 


§ 6. Boron Oxides 


The l)ehaviour of boron towards o.xygi'n has already been diseu.s.s(‘d. (\ Winkler 1 
believed that only on<‘ oxide is forqied, muiiely, boron trioxide, ILCtj. The evidence 
in favourof the exi-stenceof a boron SUboxide,pr(‘vi()U.slydi.scUHsed, is not satisfactory. 
A. Stock and E. Kuss prepared a clu.ss of .salts wldeh tliey call hypolmatcs r.de 
boron hydrides. M. W. Travers and 4‘o*worker8 hela-ve that they have established 
the ind(‘pcndent exi.st(‘nce of a telrahoron frioxidc, 1^403 ; of acidic (bhoron (Hoiidc, 

; and of tetraboron jM-nloxi(h\ B4()5; in addition to tJie onlinary hone oxu/f, 
BjjOs, but the products they obtained W'ere very impure. * 

^ron dioxide, has not been isolated in a jrure state. It wah prepared 

by decomposing crude niagnesiudi boride witli cold water and the sedn. evajiorated 
to dryness in vacuo and h(‘ating. The residue is a mixture of dioxide with tin; niug- 
nesium salt magnesium borite, Mg().2B202, or MgB4()5. Boron dioxide is obtained 
free from magnesium borite, but contaminated with about per cent, of a lower 
oxide, B4O3.2HJJO, by treating tlie aq. soln. of magnesium borhle with ammonia, 
and evaporating the filtered soln. The product is soluble in waP’r, and the a(j. soln. 
is oxidized to boric oxide, by evajiorating it i)i air, or by h<*ating it with nitric acid, 
but is not oxidized by iodine. Tin* lowering of the f.p. of aq. soln. corresponds with 
the formula B2O2. The oxide seems to combine with water to form an acid,•which 
dissolves freshly precipitated magnesium hydroxide t<> form magnesium borit^'. 
Attempts to tiiake ammonium borit<‘ were not satisfactory. 

As already indicated, an impure dihydraU^i iatnboron tricudde, ^B 403 . 2 H 20 , 
has been obtained from the product of the action of water on magnesium laAide ^ 
it is soluble in nitric acid with the formation of boric acid. Wften dried at 100®, 
analyses correspond with the formula just indicated. When magni'sium diboro- 
hexahydroxide, Mg3B2(OH)(j, is treated with cone, ammonia for several days in an 
atm. of hydrogen, filtered, evaporated to dr>’ne88 in vacuo, and heated, a {lalc 
brown tetnboron pentoxide, B4O5, is formed. 
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It (locft not fuso at the soIMiinn temp, of Jena glass. If allowed to stand in contact 
with water in vacuo, a yellow soln.is obtained, which oxidizes rapidly in air.fomung 
flocculcnt yellow residue containing tetraboron trioxide : 3 B 405 + 2 H 20 =B 403 . 2 H 2 
l-4'B20a. _ 

M. W. Tnivers and eo-workers showed that when crude magnesium boride is 
treat’d with water magnesium diborohexahydroxide, MgsBalOHIi, is formed; 
MgjHj 1 lill.^O 3H.a t MgalLlOH)#, which remains as a white insoluble 
jMjwder." It upjH'srs to lie a rlerivative of HaBalOHlj, and, by analogy with the 
carbohydrates, is regarded us one member of a series of borohydrates. 
When treated with cone, ammonia in an atm. of hydrogen, it is assumed 
that the*solubh^ |irodu<'t of the reaction is a diammonium derivative of 
BH 2 lCII) 2 .BH(OH).BH(()Il).BH 2 (OH) 2 ; and that when this product is acidified 
it loses four atoms of hydrogen, and forms BH(t)H) 2 .-B(OH).B(OH).BH(OH) 2 , 
whii'h loses inore _ hyilrogeii when treat'd with iodine, forming two niols 
of hytlrogen iodiru' and B(f)H) 2 .B(t)H).B((IH).B(OH) 2 . When the ammoniaeal 
soln. is evaporated in* vacuo, and heated, tetraboron pentoxide is formed: 

Bll2(0H)2.BH((lll).Bll((kH).UII.,(0H)2,.,’iH2+H20lB40j. 

^ Ihe sola, obtained by the aetion of water on magnesium boride is yellow because 
it eontains eolloidal borwn ■ it decomposes slowly at ordinary teniji. with the evolu¬ 
tion of hydrogen, and the decomposition is aeeeh'rated if platinum black be present; 
it precipitates silver and mercury from their salts ; it precijiitates amorjihous boron 
or eo|ip<'r hydride Irom copper salts ; and when ueidilied, it gives oil hydrogen with 
brisk elTervesi'cnee and the liijuid so iditained dt'cidorizes iodine. The soln. is 
supposed to contain a vitv small proportion of horohydrates or allied compounds 
which ari' produced by unknown side reactions in tlu' action of water on niagiiesium 
boride. 

. co-workers assume that the .solii. contains two compounds 

with ipiiinjiievulent boron, and with tbe forimihc HJk.Oj and H„B.,().,iVIg ; and that 
the latter is a inagnesniin derivative of IIhBoDj. The graphic forinuia- are based on 
the assumption that the evolution of bvdrogcn is due to the elimination of pairs of 
hydrog;'n atoms attached directly to atoms ot boron : 


H OH 
it OH 


H -If (OH), 
H 1! H, 


When treated with acids, the.se compounds fnrnislarcspcctivelv 


HjHOH HOH 
H.ifOH Hull 


2H, 


HHOHL lf((IH),, 


HlfH 


HH, 


1 H, 


The eompound HO.BiB.OIl has a structure analogous with that of hv|.oiiitioua acid 
me two products are oxidized bv iodine to boron dioxide B.,0.- ' 


B.OH , 
ifOH ' 


It: (I 
It.H ■ 


l!HI 


if(()H)3 ' liil) 


When the soln. obtained by the action of water on magnesium Isiride is treated 
Wth mnnionia magnesium hydroxide is- precipitated. When the .magnesium 
taohydra^, bJgHoBsOs, m- jmssibly MgH 4 B 202 .H 20 . is treated with ammonia, 
the njw jirofliiet, when acidihed, gives twice as much hydrogen as before. It is 
ansumed that intratnoleeular change occurs as an intermediate stage of the reaction : 


HII(OH), 

HBH. 


H.BiOH), 

H,BH(OH) 


BIOHL „ 
BH(OH)''^ 


The product is oxidizc-d by iodine to boron dioxide, B 2 O 2 ; f.e. 0; B.B : 6, or 

O.Br B.0 

' ' * . ' ' * 

P. C. Ray isolated potaadum borohydrate, (KO) 2 B 2 H 4 , from the soln. obtained 


56 O 



BORQN 


41 


by the action-of water on magnesium boride. It is 'ali) formed when mag¬ 
nesium boride IB treated with a dil. soln. of potassium hydroxide. Conductivity 
determmations show that it is the salt of a dibasic acid. The action of iodine on 
and R ^B^(0K)B+2H,S0,=2KHS04-f2H,.-^B,(0H)-,; 

ana B2(Uri)j+l2_B20j-t-2HI. The constitution of the salt is reproseflted by 


HjiB.OH 


or 


H.iB.OH 

H,;B.OH 


according as Imron is quinque- or quadri-valeiit. The salt is fairlv stable in the 
absence of moisture and carbon dioxide ; it is a jiovverful reducing agent; and is 
highly soluble in water. The salt loses four atoms of hydrogen when tn'Aed with 
^an acid, forming dibOTon dihydioxide, HO.B: B.OH. 

Krv|(REN(;km. • • 


■ C. Winkler, Ber., 23. 790, 1890 ; A, .Stuck and E, Kiibs, it,, 47. WO. 1914 ; M. W. I'ravcn., 
N. M. Gupta, and P. C. Ray, Some. Vomjiouniiljt of Jit/ron, Oxygen, and Hydrogm, LoiuJtm, IDUl; 
Jo«.n. Mian JmI. Science, 1. 1. 1914 i M. W. 'I'ravers and P. Ksy, it., 1. 1914 ; l‘m. itny. 
Hoc., 87. A, 103,1912 ; P. C, Kay, Journ. (’him. Hoc., 106. 2102, 1914 121. 1088,1922. 


§ 7. Boron Trioxide, Boric Oxide, or Boric Anhydride 

Boric oxide, is formed when II. Moissan’s boron is heated in air or oxygen, or in 
nitric oxide ; the same oxide, is formed in the combustion of boron hydride ; and 
when boron is employed us a reducing agent with the dioxides of carbon, silicon, 
titanium, or zirconium. H. Henstock discussed its electronic structure. 

The usual method of making bofon tnoxide is to melt boric acid in a jdatinuin 
or Hessian crucible, until all is tram|uil, showing that the water has been 
expelled. The molten mass is poured on to a cold slab. The resulting boron 
trioxidc, eallcd t itreous or glassy boric acid, is jirescrvcd in well-stopjiered bottles. 
A. Atterbergi and others have also described its preparation, by heating the 
hydrate. According to 1’. G. Robiquet, the product still retains 0’2-i.b per cent. «f 
water, which he said can be n-moved only by ignition with cupric oxide. R. Lorenz 
also made observations on the rapidity with which water is absorbed by boric oxide. 
If one portion of the clear glass is rapidly powdered in a hot mortar, and the jiowder 
is immediately heated in a siiiall dried U-st-tiibc, it melts with bubbles under 
conditions where, a piece, not powdered melts without bubbling. This does not, 
necessarily prove, as R. Ijorenz supposes, that water is so rapiilly imbibed by the 
powder, but rather, in melting, a skin is formed^ over the surface of the powder 
before the air entangled in the powder has escaped. R. Ixirenz ailded that the 
fused oxide is so strongly hygroscopic that it can take up I'U jier cent, of water 
during one minute’s trituration in a hot mortar. ^ 

Boric oxide so formed is a colourless, transjiarent glass which is hard and brittle. 
U. Davy * said J,hat it has no smell, and that it has a slightly bitter, not an acid ta«te. 
The ipecifle granty of boric oxide was given by A. Rqyer and J. B. A- IJuinas as 
I'83 at 4“ in vacuo ; G. Quincke gave 1'83 at 0° and l'l!> at ISUG” ; It A. Kayre 
and C. A. Valson gave 1'825 at 216°; A. Ditte gave 1'8766 at 0° f 1'84’76 at 12°; 
and 1'698S af "80°; P. P. Bedson and W. C. Williams gave 1'848 at 14'4°, and 1'853 
at 15'8°. K. Arndt and A. Gessler found the sp. gr. at 900° to be 1 '.520; at 1000°, 
I'SOS; and at 1100°, 1 '495. V. de Luynes said the iuudness of the glass is great; 
it scratches glass and is scarcely aflected by quartz. K. Arndt found the vlscoaity 
of boric oxide to be 118 0 at 900° and 40 0 at 1100° (water at 20°=0 01). G. Quincke 
stated that its (OrbUie tension in air at 1700° is ^7 dynes per cm., and its ipedflo 
CdlMiwi is a*=9'865 sq. mm. r " , , 

According to A. Ditte, the coeS. of tbetmal expanden is 0 001308 between 
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12“ and 80". 0, Quincke gave I.I00" for the melting point, and T. qarnelley gave 
577" approximately. The truth w that the glass has no m.p.; it is a congealed 
liquid which has never solidified, but has become as viscid that it appears even 
harder than manv crystalline comjiounds— vide 1. 9, 6 . The hardness of the glass 
can Im* readjiy augmented by quick cooling; and if the molten glass be poured 
on a cold metal plate, the lower face contracts faster than the upper face, which 
is more slowly cooled. In coiu+equence, the plate is bent and it finally shivers 
into fragments. According to J. B. A. Dumas, when the molten oxide ia cooled 
in a ()latinum crucible it cracks spontaneously and glows along the cracks with 
a light which is visible even in daylight. C. L. Bloxam said that boric oxide 
is slightip volatile at a bright red heat; F. Wohler and H. St. 0. Deville, that 
it volatilizes at the m.p. of nickel, or, according to J. 3. Ebelmen, at the highest 
b'lnp. of a porcelain oven ; and H. Moissan found that it readily volatilizes in the 
electric' furnace. W. R. Mott gave l.',()0" for the boiling point of boric oxide at 
7fH) mm. H. von Wart<*nberg and 0. Bossejound that at 1.501" and 138 min. boric 
oxide did not ladi, and, that the molten mass had the viscosity of olive oil; they 
could not mensufc the vapour pressure of boric oxide at 1.036"-ir)46°. The 
specific beat was foumJ by H. V. Rcgnault to be ()'2,574 between 16° and 98". 
M. Berthelot gave for the heat Ol formation, B-|---JB 2 O;, f 156,.'J{)0 cals., and 

L. Troost and 1’. Hautefefdlli' gave .‘117'2 Cals, for the mol. heat of formation. The 
former also gave for the beat of hydiation, BjDa f 3 H 20 + 4 (X)H .20 at 13'5° 

--9'62 Cals. 1’. A. Favre and (!. A. Valson gave 122'731 Cals, per eq. of B^Oj. 

According to V. de Luyncs, molten boric oxide acts strongly on polarized light, 
P. V. Bedson and W. C. Williams found that a prism of borii' acid with the D-line 
had an index of refraction I '46303 and sp. gr. 1'848 at 14'4": and another at 
irr 8 " had an index of refraction 1'46427 and sji. gr. 1 853. The index of re¬ 
fraction of soln. of sp. gr. I'Olll at 20' with 1'93 per cent, of B 2 D 3 was l'(1096 
at 20" with a 1'68 per cent soln. According to E. Tiede and co-workers, if 
boric acid is dehydrated either in the air or in a vacuum over phosphoric oxide, 
eithi'r slowly at 31X)" or quickly at red heat, it I'xhibita a phosphorescence, the 
intensity of which tenches a maximum with a certain, minute proportion of water 
still present, but dlsafipears as full dehydration is attained. The exceptionally 
bright light emitfl'd does not continue for long, and may be excited by an arc or 
mercury lamji, but not by cathode X-rays, radium ray^ or by heat. E. Tiede and 
P. Wulfl found that the phosphore.se,nice of jiartly dcliydratcd boric acid originaU^s 
from traces of organic ('ompounds. and is r,‘movable, not by recrystallization, ignition 
■in a stream of oxygen, boiling with nitri,' acid, or fusion with potu.ssium nitrate, but 
by boiling with funung nitric uci<l for twenty-four lipurs, subsequently recrystallizing 
thnie times from wati'r specially purilii’d, and finally igniting the upper portion of 
the filtered mass (whi, h had not been in contact with filter-jiaper) in a platinum 
crucible, I’hosphoti'.v "uce would* not be induced in such a product by any means 
other than by introduction of organic impurities. For this purjiose, even tho.se 
prt'sent in ordinary distilled water suffice. It is iiri'sumed that the phosphorescence 
cmuilhtes from definite organic derivatives of boric acid. Boric acid phosphorescent 
compounds were studied by. R. Tonuwdiek. E. H. Nichols and D, T. Wilber 
found boric oxide showi'd a dim flame lomineiiceiice. ' 

Accoifipig'to H. Davy. Moist boric acid conducts electricity ; but, according to 
• M. Faraday, the .acid, fused in the oxy-hydrogen blowpijie, “ gained no conducting 
powers sufficient to affect the galvanometer, and it underwent no apparent voltaic 
decoinposition " ; A. Connell also coufirmed this observation. M, Lapschin and 

M. Tichanowitsch also found that molten boric oxide did not conduct a current at 
960 volts ; and W. Hampe, and L. Bleckrode also classed boric oxide acid as a bad 
conductor. H. Moissan said that the presence of 20 per cent, of borax makes the 
acid a conductor. Q. Meslin found that boric oxide is diamagnetic. 

, , E. Dav)^ and J. L. Gay Lussac and L. J.^ Th^nard made rough analyses of 
boric oxide. J, J. Ijerzelius' analyses were originally interpreted on the 



BORON 


43 


assumption tbat the at. wt. of boron corresponded with the oxide BOg (oxygon 8 ), 
later, the at. wt. was halved, and J. J. Berzelius, A. Bayen, and E. Soubeiran wrote 
the formula BO 3 ; ‘when the at. wt. of oxygen was doubled, this became B^Ojj. 
The tribasicity of ordinary boric acid, orthoboric acid, has been established by the 
formation of the esters trirnethylborate, B(OCH 3 ) 3 , and triethylboratoj B{0( 
by J. J. Ebelmen and M. Bouquet; of methyldifluoborate, BFjlOCHal.^and 
ethoxydifluoborate, BF 2 (OC 2 H 5 ) by V. Gasselin ; and of a number of metal lM>rate 8 
by J. J. Ebelmen, L. Ouvrard, etc. M. ProkolbdT also emphasized theVnalogy 
between the formula of boric acid and of the methyl esters. 0. Hehner supposed 
boric acid to be constitut{*d H 4 B 4 ()g.H 2 (). E. Beckmann found the mol. wt. of boric 
oxide in boiling sulphuric acid to correspond with the value calculated for»B 2 (l 3 . 

According to J. K. Myers, wlien boron trioxide is j)laced in water, even if it be 
in a finely ground condition, it*doeH not dissolve imimaliately. After the trioxiile 
has been in contact with Vat<'r for a minute or two, a reaction takes place quite 
suddenly, and is marked by a notabh* change in the vol. of tfu* solid. The wdid 
pro<lucetl dissolves fairly quickly in water. The pljenomeiion is best observed by 
exposing the substance to a moist atm. when there is*a gradual and easily observed 
change from the hard glassy material to a light powdery substance. The boron 
trioxide is hydrat(Ml to metaboric acid, IJBO 2 , and orthoboric a<id, H 3 B() 3 . 
.1. E. Mvers .studied the velocity of hydration of boron trioxTde, and found the reaction 
occurs in at least two stages, the (irst yielding imdaboric acid and on further hydra¬ 
tion orthoboric acid. The hydiation to metahoric acid is a unimolecular reaction 
and much faster than the further reaction. The dehydration of orthoboric acid 
at KM)'"' is a unimolecular reaction resulting in the formation of metaboric acid. 
At a higher temp, the reaction becomes more complicated, probably on account 
of the formation of mol. comj)lexe.s of nudaboric acid. According to A. Ditte, 
during the dissolution of boric o.xide in water, so much heat is evolv(“d that tlie 
U*mp. can be raised to the b.p., juid P.*A. Favre and (\ A. Valson found that the 
dissolution is attended by a i-ontraction of 10 2 c.e. jmt ecp B 2 G 3 . The aq. sohi. 
colours litmus a faint red, and in the preseric’c of mineral acids, turmeric pajuT 
becomes reddish-brown ; if the dried papiT is dipped in a dil. soln. of pota^ssium 
hydroxide, K. Kraut showed that a hlu(‘ colour is developed. According t<» 
L. Kahk'iibcrg and 0. .Schreiner, boric oxide, H 2 O;}, immediately forms Imric H<^id, 
ITjBOa, when dissolved in jvater, but 0. Hehner thinks that tlie behaviour of the 
atp soln. tow'ards turmeric shows that it dissolves as B 2 O 3 and not as H 3 BO 3 , 
Is'cau.se the aq. soln. colours turmerics pajier a pale rost* colour, but the colour 
becomes intense if a trace of mineral acid is presemt, and turmeric paper sat: 
with a .soln. of boric a»'id bccomcg red on exposure* to air. 

Boric oxide was found by H. Moissan ^ to react at ordinary temp, with fluoiill6 
very energetically and with unc vice mcandnfcrncc dc ^mcc//cs, forming 

boron fluoride and oxygen. L. Gmelin found* that while brominO and chlonB6 
do not act on heated boric oxide, if the latter be mixed with carbon, the corre¬ 
sponding boron halide and carbon monoxide are formed. J. Jnglis obtained an 
analogous result with iodine. J. J. Berzelius found that hydrofluoric acid coflyerts 
boric oxide into the fluoride ; G. Gore ^Iso obtained a similar result with liquid 
hydrogen fludride, but not witli liquid hydrogen chloride. •). Nickli's studied the 
action of hydrogen bromide and of hydrogen chkfrid? on an aleohoT sfJfl. of boric 
oxide. According to H. St. ('. Deville and H. Caron, when boric oxide iifbeaU'd with" 
metal fluorides, boron fluoride and crystals of the oxide are formed. When boric 
oxide mixed with silica-free calcium fluoride, with or without sulphuric- acid, 
is heated to whiteness, J. L. Gay Lussac and L, J. Thenard observed the formation 
of boron fluoride and calciuih borate. The reaction has also been studied by 
J. Davy, G. Ferrari, and 8 . G. Raw.sfm. L. Ouvrard studied the action of the orides 
of calcium, strontium, barium, magnesium, zinc, cadmium, manganese, and nickel 
on a mixture of lioron oxide and pptftSSinm h 3 rdroftuorid 6 . J. £. Gfity Lu^ac arsd 
L. J. Th4nard said that chlorides do not decompose boric oxide at a white heat, 
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but H. iB Chatclier obtained calcium JzOsX'aClj, bv ^ 

calcium oxide and boric oxide to molten calciwn cWond# : aecora- 

observatione on thU subject. A. J. Balard found that boric oxi hromide 

Jiose potuiiqm bromide at a red heat, Imt if moisture be ijreson , > S 
and jxitaesiutii borate are formed, h. Ouvrard made needle-hke bromide 

broMu>ratc, St’aO.bBaOa.CaHr;, by melting boric oxide with cdOM Mom . 
H. Schidxe found boric oxiile to be without action on potassium iodide, but 
be present, C. F. Schonbein found that the iodide i.s decomposed at n .i - 
L. Ouvrard did not succeed in making fiilcium imhhondc analogous witn in. 
corresponding iddoro- and bromo-.salts, by melting boric oxide with OTClum • 
Accor9iiig to J. F. A. (iottliiig, when a mixture ot sulphur with boric o.xiUe. 
bitriiH, the Hame is tinted green. Aeiording to Jj. Gmeliii, and K. hremy, CarCOn 
disulphide attacks a heated mixture of boric (,xide an^l carlioii, forming carbon 
monoxide and boom sulphide. II. I'rinz found that sulphur monochloride, 
Sjt’lj, is without action on boric oxide. K. E. d'Arcy idiscrved no .signs of a reaction 
with sulphur trioxide, •but A. f’ii tct and (J. Karl said tliat two compounds arc 
formed, fijOa.Sf), and fiaOa.SI^Oa. According to J,. (Imeliii, II. Si biff, and G. Merz, 
boric oxide dissolves copioitsly in sulphuric 8cid, especially at an elevated temp., 
and fiirnisliesa viscid ma.s»from «liieb water preeipilates boric oxide. ,1. J. Berzelius 
found tliat .selenium dioxide is expelled from selenites wben they are heated with 
boric oxide. 


When horie oxide is healed in a .stream of ammonia, 1, .Miiser and W. Eidmaim 
found that horoii nitride, ji,\, is formed ; B^O,, [ -NH;,' HBX'i illl.^G; likewise 
also, ueeording to fl. Ro.se, witli a mixture of Ijoiie oxide and ammonium chloride. 
I,. Omeliti found tliat red-liot liurium horiile is’Hot attacked liy tile vapour of 
phosphorus. (I (instuvson found tliat no aetiem oeeiir.s wiien liorie oxide is heated 
for two weeks at witli phosphorus trichloride : wliile lioron oxyeliloridc and 
boron triehloride are formed with phosphoniE penlachloride ; and the doiilde 
chloride, I’OCla.Bt'lj. is formed if pbosphoryl chloride, I’GCI;,, is used ; witli 
phosphorus pentabromide, honm Irihromide is formeci witli dillieiilty; while 
phosphorus tetraiodide, l^fj. and phosphorus triiodide, I'h^. Iiave no action. 

According t,, b. (imeiin, carbon at a wliiti* lieat inns no netion on tiorie oxide. 
K.STiede and K. Biriiliriiner found that aearliide is formed wliieli siililinies in threads. 


The rediietion oeeurs at 21110“. II. Quantin found a mixture of carbon monoxide 
and elilorine does not attack iKiron oxide; and II. Duaiitin, l‘!. Demaryay, 
I’, (iamboiilives, and G. Meyer and R. Wilkins found carbon tetrachloride lias no 
aetion. W. H. Baliiiaiii .sliowed tlial wlieii culeiiied witli potassium cyanide, boric 
oxide is converted into I lie nitride ; and M. Danifttadt obtained a similar product 
with urea. The ailliiity of borie oxide or liorie acid for tile liases is Init little greater 
than tliat of carlnniie oxide, or earjioiiie acid : lint when healed, G. (Jmeliii showed 
that it exjiels ail acids more volalile tliaii it.self; tiins. N. Tate showed tliat it expels 
the acid from carbonates, nitrates, and in part from the sid|ihates. The gas is 
expeUj'd from the carbonates when they are heated witli liorie oxide, and the 
produiA behaves as a iiii.vtnre of Imrie and metal oxides, as .sliown liy ('. 11. Burgess 
and A. Holt, G. Ouvrard, ote. H, Seliitf fomiid that when liorie oxide n^warmed with 
absolute ficohoi, some paasgs into solli,, forining in a sealed tube at 12(1°, boric 
acid, HjBOij, and tricthyllmrals’, BjOCaHslj, a reaction previously studied by 
V. J. Kbelmen aild M. Bouquet. V. C. Vournasos n'diiced boric oxide to boron 
by heating it with sodium toriMte. F. jSehiitzenberger found that boiling aceric 
inbldtido dissolves a targe pirojiortion of boric oxide ; the reaction was also 
stiidieil by A, Pictet and A. Geleznoff. X. Wohl and.C. Neuberg, and G. Lockeman 
and 0. liiesche investigated the action of boric oxide on glycCKd. 

J. L. Gay Lussae and L. J. Thenard found that a heated mixture of potassium and 
boric oxide decompoaea with ineandesecnce; sodium acta similarly without incan- 
dssRence. A.*Stock and W. Holle found that redaction likewise occurs with caldum, 
but calcium boride, CaBe,*is formed. As indicated in connection with the preparation 
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of boron, boric oxkle is readily reduced wl\pn heated with magneshim. The reaction 
with powdered ahuninium conducted by the thermite process was found by 
F. E. Weston* and H. R. Ellis to furnish a product difficult to isolate, and it is not 
suited for the preparation of i>oron. J. S. C. Wells found that platmom is appreci¬ 
ably attacked at high temp, by fused boric oxide. V. L. Bloxam rejorted that 
when sodium hydroxide or barium hydroxide is melted with a mol o( Iwric oxide, 
three mols of water are expelled : ItgOa-l (iNaOH - 2 Na 3 B 03 H 3 H 2 (); and with 
potassium hydroxide, two mols are driven off: *B., 0 :if 4 KOH^K 4 B 206 -f- 2 h 2 O- 
W. Iluertlcr studied the solubility of the metal oxides in fused boric oxide ; be 
dividea them into groups : T. The oxides of tin* five alkali metals, thallium, and 
silver dissolve in all proportions, and the soln., on cooling, furnish clear glasses if 
the proportion of boric oxide is high, and crystalline masses if the pr^)ortion of 
metal oxide is high. II. The oxides of copper (ous). lead, bismuth, antimony, arsenic, 
titanium, molybdenum, tungsten. an<l vanndinm furnish, at ItH)", < lear ghisses 
which on cooling separattk into an emulsion of two li<jui(ls. which on fnrthes cooling 
solidify. III. The oxides of the metals of the three alkaliin'*carths, inagTiesium. 
zinc, cadmium, manganese, iron (ous), c(d)alt, nickel, cerium, lanthanum, neo¬ 
dymium, j)ra.«eodvmiiim, samarium, and gadolinium.jir' not mutually soluble in all 
proportions at 14(.K)°, but give a mixture of tw(t li(jui(is. S<'veral of these arc said to 
form borate.s c 7 . W. (luertlorsaid that cerium forms CcoOa.lMlj. but this U. Holm 
denied. ('. H. Burgeas and A. Holt found that calciun>. strontium, barium, zinc, 
cadmium, magnesium, manganese, lead, ami bismutli oxide.s are insoluble in snuiU 
quantities, but, on gradually inereasing the amount, dissolve to cli-ur gla-sses ; with 
a furtluT addition of oxide, th(‘ ma.ss again liecomcs opatpie exeept in the eases of 
lead and bismuth, whi<'h yield j>ale yellow, very fusible glasses. The oxide of 
mercurv appears to l)e soluble, and of antimony and arsenic slightly so. The 
oxides of aluminium, bervlHum, zirconium, tin. cerium, thorium, columliium, and 
silicon are all (piite insoluble. The oxides which colour the borax lieud, namely, 
those of <*liromiuni. co]q>er, molybdcnupi, uranium, iron, nickel, and cobalt, arc all 
insoluble in the fused anhydride, manganc.se in tltis respect beliuving exceptionally. 
The last .series of oxides can. however, he djssolv<‘d in Itorie anhydride C(mtaining 
lithium, potas-sium, cjcsium, rubidium, and thallium, and the clear glasses obt-uined 
with large aiuount.s of the coloured oxides are similar to (he horax heads, nKhongh 
the colours are sometimes uioditied. W. G. Mixter .'Jaid tliat-boric oxhle unites 
with sodium dioxide to form sodium orthohorate. I.. Wohler and \V. Becker fdund 
that when boric oxide is* heated with ammonium dichromate. (Juignet’s green, 
Cr 403 { 011 ) 6 , is obtained free from boric oxide ; witli potassium dichromate and an 
excess of boric oxide, the product has the coitjpositiun 1 ^ 403 ( 11407 ) 3 . K. Arndt and 
A. Cressler found the sp. gr. and e(j. condiu-tivity at IKK)" of various fused mixtures 
of boric acid and sodium metatlhosphate, XalTI^, to be : 


Per c^nt. NaPOj 
8p. gr. at 900* 
Oonduotivlty 


KK) .')U 2") 10 T) ! 0-r> 

2 144 2!ie ►«2n lOfM iriHr» ir>.^2 ir>22 

490 1 ( 1-4 0-07 


K. Arndt also measured the viscosities. The solvent action of l)ori<’ oxide has been 
utilized in opening up sUicates for analysis.^ 
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§ 8. The Boric Acids 


As previously cited, T. Bergman, in his De. nltradiunitmi rtfcliru (Upsala, 1775), 
clearly recognized the aeid nature of “ borax acid ” and compared ite affinity with 
that of other acids. Theoretically, boric anhydride should furnWi the acids 


represented by: 


o< 


B=-0 

B=0 


B<, 


OH 




o: 


, ..OH 
“'^OH 


OH 




OH 

OH 


HO-B<»«' 


Boric nnhvtirldi*. 


Metaborlc acM McHolmrlc acit! 


OrthiilHtrlc actit. 

M 


Meta- and ortho-boric acids have Is'cn obtained, bnt not mesoboric acid, and the 
researches of J. J. Kbelnien and M. lioiKpiet t show that the first two aci(fs are definitd* 
compounds. According t(fA. Holt, no clear evideiic(‘ can be found for the (‘xistence 
of any acid containing less water than.inetuboric acid. Only drthoboric acid can 
exist in soln., und<‘r which conditions it is present in simpK\inols. Metaboric acid 
cannot be regarded as an equiniolecular mixture of orthoboric acid and boric an¬ 
hydride. Fused mixtures of orthoboric acid and boric anhydride, in which the imd. 
ratio of the latter to the former compound exceeds 4:1, can exist in a vitreous 
metastable and a crystalline form. Salts of the meta- and ortho-acids, the nieta- 
and ortho-borates, are known, and also a number of salts with a higher proportion of 
acid. H. Hose said that the acid salts may be regarded either as mol. comjfounds 
of boric acid and th<* borates, or, bettiT, as coiulensed acids formed by the removal 
of water from two or more inols of orthoboric ueid, for boron, like carbon, exhibits 
a tendency to form complex niols. Those condensation products form the so-calh'd 
jhtlybitric ticuls and polyborate.s---c.^. diborates, triborates, tetraborates, etc. Kx- 
cepting, po.ssibly, tetralioric acid, the poly boric acids liave not been isolatcMi although 
their salts are known. H. le (Jhatelier assumed that there are four types of horati^s, 
derivatives of the acids H 3 BO 3 , HgH 409 , H 4 B 2 O 6 , and HBOg- H. Bencdikt 
classed the different borati's as salts of polyborie acids iiidicaU‘d in Table 1. 


Tahlk I. -Bolybokio Acius ani> Polyboratks. 
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OHjHOq 
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UHjBOq 
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I 0 H,BO, 
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12H3B()j 

17H,0 
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J. J, Berzelius prepared what was once called pyroboric acid^ HBB 4 O 9 , or 
2 Bj 03 . 3 H 20 , which may be regarded aa tetraborio Mid, by heating ortteCoric jcid 
to loo®, until half the contained water is lost. G. Merz doubted the individuality of 
the product. The sodium salt of this acid, sodium tetraborate, NagB 40 ,, was made 
by A. Arfvedson by melting borax with sodium carbonate whereby two mols of ear 
bon dioxide are driven off per mol of borax; Na 2 B 40 j+ 2 NajC 0 s= 2 C 02 d-Na 5 B 40 i,. 
L. Kahlenberg and 0. Schreiher reported dilvdrotetnboric Mid, H2B4O7, or 
2 B 202 .H 20 , to be formed by heating orthoboric aidd to 140°; or, according to 
J. J. Ebelmcn and M. Bouquet, to 160° in a stream of dry air; or, a^or^ng 
to A. Atterberg, to 100° for a week., R. Nasini and J. Ageno said that this acid a 
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prodomd whfn orthoboric scid ja hc^)«d between 138° and 140°. The brittle 
ghuwy niuis forms orthoboric, acid when treated with water, It can also be 
regarded as tlie second anhydride of tctralmrie acid, H(B 409 , Dihydrated borax, 
NSSB 4 O 7 , is then regarded the sodium salt of this acid, and can be calleR sodium 
m<*tati*trAboTat4», 


Hft OH aw 

^ ilf^Mhydroti'trRlwiric Aflfl, 


HO-B<{}>B 


-0-B<“>B-OH 


DlhytlrotttrjilKirlf a< kl, 


C, Zulkowsky ^presented the structure! of dihydrotctraboiic acid by the graphic 
formula just indicated, 0. T. (lerlachsaid lOO grms. of water dissolve 2-69 grms of* 

hi! n I’l",'; “"V c'' “"I"- «■ Mers reported the hydrate 

NMaUa.IfaO, or ihh/drohexadmtboru- acid, to be formed by heating ortho- 

Zl‘v'k n ^ dih/drohxaboric 

«e«r, ttoBjO|„, by heating orthoboric acid for a week tb 140 '. There is however 
products are chemical individuals. ’ ’ 

Iii/om;"'"^ orthoboric acid, metaboric acid, B.,nj.H.,0, or HBO, or 

(flO)BO, was obtameil by (J. Mers,^ K. (i Schaffgot.sch, C. L."Blo.xa'm H Is sciur 
and L. Kahh-nberg and 0. Hchreiner, by tlw .■xpulsion of a mol of water from one of 
orthoboricttC'Ki af 1()0 ; A. AttiTlxTc worked at 8t)"- and R N’liHi'ni on/^ r a 
between I07''and 108°. P. Tschije wsky .said that if borii- acid be volatilized inacurmnt 
of steam at IW crystals of metalmric acid appi'ar where the sfoam condenses 
0 Hehner said that at lISl , orthoboric acid does not lose two-thirds of its water 
but vapurizos it-Hidf U8 HiK’h. According to U. LoNconur the vaii nrcHti nrfk i •’ 

acid becomes iiwensibly small when metaberic acid is formed Metatm ' ^7''' 

stable above KSl", and at 2(Xt' it forms a viscid ml wS has alemtt h.r “ 
pn*f«. t -00 Mmall for mcaNiiriMncht. •!. Thorusen'^uvt'for the henf ^ 

fouiKl the heat of so , 1 . m water to be positive, that of orthoboric acid is m lt^. 

""''aiti'"' constant, ilBO.^H' I BO„' V7 y lil-ioiHiin 1 
IH- IBOj |. The transport number of the B()/-ion.s in 0 (riV soln wss ^* 1 ' 

R. Abegg and A. ,1. Cox, .1, Walker and W, t'ormacrid If! S sllml h '* F' 
the same as for acetate ions. L. Kahlenberg and 0. Schreiner found that'wl'r 
mimediately conVerts metaboric acid into orthoboric acid. H Nasini and I Amm 

hydrolysis, and that the formula of the nietaborates is MHO.,. (' Llkowskv 
however, used the graphic formula; * " eaiiKowsky, 

yo- B<JJ>B -OH 

P. Tscllijewsky believed that mesoboric add, I1.B~(), or HBO W pn 
BA.2 HzO, is formed as a <.„nipo»i.,l which is’ voi;,fl;.irh S aAZ 
jippeara m crystals when molten boric acid is cooled. " “ 

Tlie discovery of horii' acid by «. Honiberg a in 1702, and the occgirence of boric 
^d m tte waters of tlw lagoons of Tuscany has already Is-en discuLd G Hot 
, bftg B jiresaraton ™ ^t called sal sedaitvam, and it was some time before it was 
recogmzcif to b^ ^^0 acid. HsBO,. This acid is generally understood when 
the torm bone acid or boraru- aoid is employed. This acid is formed bv the . 
of wator dean, or alkali-lyo on boron ll/hide, or borolrtrlr Ind" Is aSv 
indwated, hypothecs as to the origin of boric acid in the fumaroles of IWnS 
iK^n b^d unon these reactions The boron halides are also hydroly*en7w«teI 
into boho acid and the corresponding haloid acid—vide infra V j 

.tH boroih hydrofluoride, bI> .HK^is decom;selTy'S. moi“P|U S 
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^rapidity. F. Jones and R. L. Taylor founJboroif hydride is oxidised to this acid by 
a soln. o! potassium permanganate. J. L. Gay Lussac and L. J. Thenard, and 
H. Moissan showed that nitric acid converts boron into boric acid; and B. Reinitser 
found that when finely divided, well-washed boron is left between filter paper in 
moist air for 8-10 days, it becomes covered with microscopic crystals of boric acid. 
R. Lorens also demonstrated the extraordinary avidity of boric oxide for w^^ter 
whereby it is converted into boric acid. * 

The preparation of orthoboric add.— The. sources of commeicial boric ^id arc 
the natifrally occurring acid in the soffioni of Tuscany; native borax or tincul; 
Iwronatrocalcite, or Chilian borate of lime ; paudoriiiite from Asia Minor {Turl-Mh 
baracite) and Stassfurtite, i.e. boraoite. ^ 

(1) From borax. —Boric acid was formerly obtained by sublimation from a 
mixture of 16 parts of borax, 5 of sulphuric acid, and '2 of water, heated in a 
retort; the 2 )owdcred residue frequently moistened with water and.again 
ignited. The yield was small. It is more conveniently made by tr<.*ating a solii. 
of one part of borax in four parts of'boiling water with one-third the (piantity 
of sulphuric acid; on cooling the soln., boric acid crystallfz(>a out, and a furtlicr 
quantity can be obtained by evajiorating and cooling the* soln. This is virtually 
G. Homberg’s original process for sal sedaiivum. W. Meissner * evaporaU'd tlie 
mixtures of sulpburb^ acid and boric acid to dryness, and 4*xtracted the boric acid 
with liot alcoliol. H. W. F. W'^ackenroder jireferred hydrochloric acid to sulphuric 
acid becausi! the latter adheres more tenaciously to tlie separated boric acid ; and 
K. Iteichurdt decomposed tlie soln. of borax willi an excess of hydrochloric acid, 
i'vajiorated the mixture to dryness at 1U0“, and extracted the sodium chloride with 
the smallest jiossible amount of water. 

(2) Fromthi’ Tuscamj/umurolcs.- to the end of tlie eighteenth century, boric 
arid was obtained mditstrially almost e.vclusively from borax. In 1770, U. K. lloe- 
fiT,^ ami P. Mascagni discovered boric acid in the waters of the 'J’useuny lagoons of 
-Monte liotondo and (’astelnuovo ; diid shortly afterwards it was found in the .solid 
.state by P. Mascagni, at Sasso hence J). L. (5. Karsten’s name nm.solhi, which was 
afterwards eliangcd to sassolitc. IJ. F. }fo<'fer discussed the possibility of the 
extraction and utilization of the boric acid. TJie boric acid fumarolcs and lagoons 
of Tuscany ufipcar at the distance like clouds of vapour ri'<ing ironi the ruggeil 
mountains. They cover an area of about 30 sq. miles. In the vicinity, jets of boiling 
water .seem t ) burst exjilosively from the earth, atid voluminous clomis of steam 
rush into the atmosphere. The ground is hot, and Lscov(‘red with crystalline sulphur 
and other minerals; the atm. smells of sulphurous o.xjde. The ttmip. of the water 
may la* as high as 105^. The j)lace was formerly regarded by the pciisunts as 
the veritable entrance to Hell, a superstition no doubt derived from ancient times, 
for the neighbouring volcano still bears the. name Mens Cerberi or MouO’ CVrboli. 

A photograph of a boric acid lagoon at Volt<‘rra is shown in Fig. 9. 

To recover the boric acid, it is merely necessary t^> eva 2 )o^a^* the condensed 
vapours from the fumarolcs. In 1H(J7 G, Gazzeri's analyses led him to concludit 
that the quantity of boric acid contained in the waters wa.s too small to prmnise 
successful extraction on a large scale. Undeterred by this, attempts wen* made at 
Monte Rotomlq, in 1815, to extract the ackl on an industrial scale by the evapora¬ 
tion of the liquor, but the cost of fuel (charcoal) re(juu 3 jd for the cvajwndion was 
prohibitive ; about 1828 F. de Lardercl haijpily conceived the id<'a of uy^ilying the 
beat from the soffioni to evajioratc their own waters instead of tvasting itself in * 
the air. There are establishments at Castelnuovo. Monte liotondo, Serrazzano, 
Lustignauo, LardercUo, Monte Cerboli, San Fedorigo, Sasso, and Lago, each oix:ratirig 
10 to 40 lagoons. The process of extraction is comparatively simple.® 

Native steam issues from numerous blow'lioles orsM>niorii in the grourut in tlio nojghbour- 
hood of Larderello (Monte Cerboli district); it contains up to one-tenth per cent.*of bqric 
acid. Tho v«qU are lined with about 8-inch pipe« extending into the earth fryii a few feet 
to over 300 ft. Some of the blow^holos are arti^iab for they have been produced by borift^ 

, VOL. V. • E 
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’ to 140°, 


uiid tliu* nwinhlo mtesuiM well-. THo teini*. of Oio issrang sWam varies from I 
Un.uJrfZ.s af,out 30 ft. di«uu....r, ajo bu.lt about 'he sofflon.j.^ to .acU.de two or thme 
vets...» sl,o,v., ,liag.a..uua.icall,v iu K.g 10. A *r. 0 H of such .V^’ ' j 

Kig. 10,..re fauf. at d,n,.,..a,t levels on .he s.de of a lull so us to fo.m a k...d of terrace of 



Klu. !l. Hour Ai'ul Lfi^fiunat \olt<“irn. 


tti'lilifukl liiu'ii'iH, 'I hr iij>|u'inii)Ml (nio is tillril uiiii wiitri fioin >lio inoimtaiii stroams. 'I'lio 
iiot VH|Kims Imhhlo thimigh Iho uator iiiiidugii^ a liirlaiicnt fountain sevonil foi't in height, 
'riu' hot vapours givt‘ np ilioir lioric ucul aiai laiso tlu' toni|>. of (ho wutor. Jn about 'li 
houjs, tho uiipjognati il a at or is luii itit«) tbo noxl lagoon wlaao a soroiid unpiognnfion occurs 



Fio. 10.- The Extraction of Boric Acid from the SofHoni in Tuscany. 


In another 24 hours the liquid p»w«>a ou to tho third lagoon, and so on until it has reached 
tho last’of tho series. The water will then )mvo guthen>d uIkhU 2 |H*r cent, of lioric acid. 
Jf Impregnation is allowed to prom'd fiirther, boric acid m ill be carried off with tho escaping 
%tK3ani. Th^ sola, is then allowed to settle in a rqftungular settling-tank, S, Fig. 10, where 
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mne mud containing more or less boric acid is dcpotilcd. This mud m uwmI by country 
meople fortivating tho skin disoaaes of cattle. Tlie water from (lie settIuig-Umk is aliowml 
Bo run down a sericH of lorrugaled lead-lined evaporating troughs, A - t» ft. wide, loO f(. 
Iluiig. and k ins. deejr- heated by vapours from tin' holfumi. 1'he liquul (Miters at oia* end 
[and nms over the corrugations, where it is ra|)idly ('vaporatinl. If the temp, rist's much aliove 
IfiO®. thert'i IS a loss of boric acid with the vapour. .\n> furtlaM- eva|s>ra(ion,,if nee*dcd,‘ is 
ccoiiductod in leaden pans. When cone, to the point of crvstallizatmn alxui^sp. gr. Id hi 
mt lo®-- the liquid is transferred to wo^xlen cryntallumg i uts Id \ ,‘lll sq. ft. and alhAvtsi 
I to cool. The mother liipior is r(*turii(*d («; tin* ('vaporal ion pans. ’Hie cr\ stals of boric acid 
lare removed by wooden Hcoop.s, drained m baskets, and diic<l im a Ihor heatisl by native 
Btoam, The boric acid is shipped m casks contammg about HHK) lbs. «‘acli. 


Acconling t« 0. 1 j. Enlinanu,^ tliu Tuscany boric acid | rc[i!ir(‘il contains 
• 318 piTcent.ofutiimonia ; and, according to G. C. Wiltstcinsanaly.sisof a^pi'cinicn 
, in 1810, 

HjllOj (NHp^SOj MgSO, C.iSO, .N.qso, K^sO, MjfSO/, 

7U-it)4 8*5ot< o:i'.)s 2 (i:i2 lois 0 ‘07 o :h)0' , o ;ni.') o :i2o 

together with a coiubimiUon of l)ori<- and suljihiiric acids l-3!i2 ; silica. ; cotu- 
Itined water, G‘T17 ; and truces of inangan«‘se suJphale ayd organic matter. The 
data may Iiaw been atcurati' to the fiist decimal .\nothci‘ analysis by A. Scheticr 
{18‘.»2 )h: 

Jl^Oj Ml, k ,0 ( u(> MuO h^O, iMjO, U HjS<q 

4(1*17 l2o:i 123 0*72 0 40 0 S3 0 2S 0(i»; 7 04 

Tlii.s i.s equivali'iit to 82 .31 per cent, of lioric acid. The Tuscany acid is rciined by 
dissolving it m water laaitcd by lilowiug in .steam, and adding freshly ignited charcoal. 
The liltered sidn fiirnish(‘s (olourless crwtals, ,M. t'louet jiiirilied tin* acid by lauiting 
It with nitric acid or sodium nitrat«‘. I’oric acid laii also be still further purified 
by conviTting it into borax, purifying that by rccivstalli/.ation, and subsiMjmoitlv 
converting tin* borax into boric ucmI agam l>y adding hydnxdiloric acid to the hot 
soln. Th»* resulting crystals of boric at id l au lie pnritied by crystallization from 
water, 


The mother liquor KMnaniing after (lie extraction of i iinh* Iioim- acid in calli’il Mtltfci in ; 
It contiuns ammomum, magncsnim, ami .sodium sul))lint<'s in addition to lioric lu-ul. 
I’. Sborgi i'e< ovci h the boric m id by l•olhng I lie salac* lo w .1 li Kodium cai l>oiiii((‘, iiminoiva, 
and carbon dioxide, and coik iMitiatnig foi tlx* cr,N stalli/ation of borax 'I'iie mot Ikm' lupnd 
IS used u.s a source of sodium .^ulphatc m the l)n‘scl process for borax. 


Boric acid is converted into liorax by adding the iicces.sary quuntity of sodium 
carbonate to the aq. .soln,, and (Tvstullizing. in tin- E. Drc.scl and J. J.ienhoirH 
procc.ss for making borax from horic acid and sodium < liloridc* or Hiiljihate, a .soln, 
of boric acul and the alkali .salt i.s siilijectcd to tin* action of ammonia : IHaBOa 
i2Nll;t t 2XaCl XuoB 4<)7 | 2X1J4(’I a reaction which reculis (he Solvay 

]iroces.s for .sodium carbonate. The reaction has been invcsligati'd liy lb Sborgi and 
t’. Kranco at ditTercnt tcmii. There are two invariant points in the syHt<qn, and 
It is in the neighbourhood of one of tUcse, correspomhng to a solid jdiase conij^^ised 
of ammonium borat»‘, borax, and ammonium diloride, that the best I'onditionH for 
the practical forking of tin* proccs.s aredound. At It)' (’. these eonditions are 
obtained with an initial mixture in the proportions. XaCl,3‘J.3gin!s , gnus., 

NHa89‘9r) grins., Hj^O 1206 grins. The quuntity of crystallizi'd borax j>re|,^ipitatc4 is 
941 gnus., and the mother liijuor contain-s 282’3 grins. Nli 4 (’l, 35'3.Tgrms. Xa^B^Oy, 
and 84 36 gnus. NaCl per 1000 gnus, of water. The yield of precipitated borax is 
eq. to a recovery of 73'3 p(‘r cent, of the sodium and 93*4 per cent, of the boric acid 
in the initial mixture. 

(3) From the calcium and ma^jnmum Boric acid is obtained from ]>an- 

dermite and otherealciiim liorates by siiKpcmliiig the powdered mineral in w'at<‘rand 
adding sulphuric acid. A current of steam i.s blown into the liijuid, so that fhe 
boric acid dissolves and the calcium sulphate is converted into a compact form whici! 
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is readily wmaroU'd, The temp, fc not allowed to rise over 80° or ^me boric acid 
will be lost in the vaimur. The filtered liquid is cooled and allowed to crystallize. 
The erystals are purified if necessary by rc-erystallization. F. Gutzkow used a 

similar process with horonatrocalcitc, and further discussed by G. Lunge, J. . o 

son, F. Fihunger, and'G. Krause. Hydrochloric acid can be used instead of sul¬ 
phuric acidr P. Marquart and II. Schulz patented the use of carbon dioxide, the 
Kas from lime kilns, etc., under press, for converting powdered boronatroc^cite 
suspended in water into calcium and sodium carbonates and boric acid; sulphur 
(Itoxidr, or sodium hydrosiilphitc wa« also substituted for carbon dioxide? Inese 
|»roces«cH have been discussed by J. Winkler. A. Sv huKter and M. Wilnelmy pro¬ 
posed hydroHuoric acid ; K. llickmann and K. Kappe, silicon tetrafluoride, 
fluosilicat(‘, or hydroHuosilicic acid: 2 CaH 4()7 l-SiF 4 =^- 4 B 203 + 2 CaF 24 -Si 02 ; 
M. (Jhonat and M. Douilhct, aiiunonium chloride; and 0. C. Moore, chlorine. 

1 IHll.O-lUHalUtt fbCaCI. i Ca(ri 03 ).. A. Parthcil and J. Kosc 
proposed extracting the borii^ acid frotii residues willi ether, acetic ether, or chloro¬ 
form. K. lieccht described methods for ejAracting boric acid from serpentine and 
related rocks. * 

The physical properties ol orthoboric acid. - lk»ric acid crystallizes from hot 
at(. soln. in lustrens, colourless, itexible, six-sided plates which feci greasy to the 
touch. According to W. if. Miller. the crystals are of larger size wlieh they separate 
from a soln. containing sulphuric acid, etc., than from water alone as solvent. 
The crystals are triclinic pinac^oids with the axial ratio.s and angles, according 
to K. llaushofer, rt:h;c-l'732l) : 1:0-‘i22H, and a -‘J2" :Mi'; ^-104" 25'; and 
y-:H9‘'4*/. M'*iisurementH have also been miule by \V. H. Miller, A. des Cloizeaux, 
0. d’Achiardi, and A. Kenngott. The hardness on Mohs’ scale is 3. The specific 
gravity of the erystul, uceording to K. Kir\*an, is 1'475; F. Stolbu gave 1’4347 at 
15"; V. A, Fuvre and (*, A. Valson. I Alt’! at 2<)*.'')''; and, ue(-ording to A. Ditte : 

0 . I'J 11 (•!»' Sfl' 

S|). gr.i i :)H28 

The value calculated from IM aiul solid water Is 1 Ai cording to F. A. Favre 

and (J. A. Valson, the contraction during the <Tvstallization of ane(|. of borieacid is 
ll‘3 c.c. K. F. Atd'boti gave lOl 1 for the sp. gr. of a sat. a<| soln. at H' ; F. Stolba, 
rw24H for a soln. sal. at 15"^; uinl i‘. A. Favre and A. Valson, 1 OlOG for a A'-soln. 
at 20*2'^, and the coJitraction on soln. is G’U c.c. 0. Bock gave for the sj). gr. of aip 
(Kiln, at IK' /I'": . 

IVreent. HjBO, , . <►•78 192 2 88 3-«l 

Sp.gr.10073 1 0109 1 0131 

L. W. Oholm ineiisun'd the diffusion of ixiric acid inaq. sola, from 18'" to 20°, and 
found the coelT. k to be : 

(kaie. ot soln. . . . 1'5*V N 0'."».V 01.V O’OaA' 

t.\)etllcieut . . . . 0813 0 810 0 826 0*876 0-954 

F. Auerbach found the eUuitio modolosof crystals of bori<' acid to be 2030 kgrms. 
per 8q. mm. For the clastic number—the ratio of the transverse contraction to 
the lougitudical extension—K. Straubcl gave 0'28, and F. Auerbach, and K. Straubel 
ga^' 79'3 ^rms. sq. mni. fdr the torsion modulus of the crystals of boric acid. 

According to*A. Bittc, the coefi. of thermal expansion of crystalline boric acid is 
0 0016429 between 12° and 60°. H. V. Kegnault gave 0*3535 for the specific heat; 
and T. Curnolloy, 184°-186° for the mating point; it will, however, be obvious that 
this number does not apply to orthoboric acid. Not all are agreed as to the action 
of beat on boric acid. J. A. Hose observed no loss in weight when boric acid is dried 
in vacuo over cone, sulphuric acid. E. Ldweustein also observed no loss at 25°, 
when the acid is confined over 97 per cent, sulphuric acid. H. Lescoeui found that 
Ih^ic acid ibrmed by the hydration of borior oxide lost at ordinary temp, over 
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sulphuric acid*, 0’35 per cent, the first day, 0 08 per cent, the second day, and O’OO 
per cent, the third day. 

F. G. Schaffgotsch said that it is converted to n\etal>oric acid, HBOj. G. Merz 
said that no water is lost by heating it to a temp, of 70®, and that t^^o-thinia- is 
lost at 100°, and that it forms dihydrotetralwic acid, HgH407, at 160°. • At a higher 
temp., the acid froths up, Io.sing its water, and formin^ea fused viscid niaas of anhydride 
(^/.v.), which on cooling congeals to a transparent hut lis.'<ured glass. The formation 
of different hydrates has aln*ady iK’cn discussed. At a red heat, boric acid fosea all 
its wat<?r and this is attended by much bubbling. II. Ij^’semur said that the acid 
is stable up to lOt)®. but at that t<*mp. it ha.s an appreciable vuj>. press, and slowly 
loses weight. In 1702 G. Homberg distilliHl ferrous sulphate* with borax iftid found 
the distillate contained what is now known to Ih' boric acid. 0. Merz. F. G. SelialT- 
gotsch, J. A. Rose, R. Bunsen, 4nd H. licsca^ur noted that tb<’ ]os.s of the wat^T of 
oiy'stallization is attended *hy the vaporization of sotue boric o.xide, and F. Tsebi- 
jewsky found that a gram of the acid cAnlaining : 

(inns, water of (Tysi^illiziition lost . . . 0'T8()8 0‘7r)43 0‘27S3 

Volatilized BjOj ijcr gnu. of water . . . O l M>5 O lS.'SK 0'1<KI2 

0. Hehner said that at 100” it vaporize.s ns IltBO-j, G. Wf^tstui us IIBO^. V. Tsclii- 
jewsky believes that the cause of the volatility is the formation of a volatile 
(‘oinpound with wat<“r, just as the high volatility of Ixjrie oxide in the ])reKenee of 
methyl or ethyl alcohol is due to the forination of tl»e corresponding eskrs. 
F. G. Schaffgotseli found much borii; acid is lost during the (‘vaporation of h<{. 
soln. L. do Koningli said that this only ap])U(‘s with con(‘. s(dn., and that dil soln. 
may be evaporated to half their vol. without appreciable loss-- a rapid volatilizal'on 
of the acid occurs as the .soln. approaclies dryness. F. Tscliijew.skv found that 
the I0.S.S is not proportional to th(‘ cone, of the soln. Th(5 evaporation on a water- 
bath of a soln. of fj grnis. of boric*aeid ih 20 grins, of water was att<*n(!ed by the 
loss of / grins, of B.iCta per 20 grins, of water : 

(j . . M2ft0 l-O.m*) 0-9547 0-8874 0-8197 0-0382 0-0201 0-0098 

/ . . 0-0991 0-0758 0-0073 0*0.577 0-O485 0*OlHl 0-0103 0-<IOUO 

F. W. Skirrow distilled sat. sola, of boric acid in contact witli the .solid [)has<‘ luit 
(lid not obtain a distillate »f constant composition with unsat. soln.; tlie com*, of 
the va]»our increa.ses slowly v ith iq(*rcasing cone, of tlie licpiid, sliouing that the a«-id 
is not in the same mol. ntnUi in the soln. and vapour phases. He lH‘li<*ve(l that in 
the soln. there is a condition of e<juilibrium : 2H:}B<)3^2H2G+H2ll2G4. and also 
4H2B0;)5=^5H2G-t-H2B407 ; and 4.he state of e(piilibrium between the acid in soln. 
and in vapour is H3B03dc!ii.^H3BOgvnpour. The ( onstancy of the “ const.ant.s ” 
calculated on these assumptions is not altop'lher satisfactory. J. A. Rose 
ol)8(.‘rved an 8*62 ys'r cent, loss of borift acid during the evaporation of ethereal 
Roln. All the boric acid can be volatilizi'd from soln. (*ontairiing enough methyl 
or ethyl alcohol. 

The dissociaBotl pressure at 20° was found by H. TiCscinur to Ik- 2 mm.. an<l the 
vapour presstijre of boric acid at different temj). to be ; 

20'* 4a*5* Ofi* , W 100'* 1284 

Vap. press. ... 2 6 16 30 00 232 mm. • 

• ' • 

He further found at 20° for the vap. press., p mm., of a mol of boric oxide, B2O8, 
with n mols of H2O: 


n 

. 001 

0*3 

0*65 0*98 

FOO 

1*63 

26*0 

2*92 2*69 

P 

and at 5°: 

, 1*4 

2*4 

2-2 3*4 

7*1 

7*2 

8*5 

0 

«•« 14*6 

n . 



. 3*00 

3*06 

3*20 

3*74 

• 3*81 •• 

P • 



. 1-8 

• 

6-8 

5*0 • 

0*0 

5-96 
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Hb inferr<‘il that a hydratf higher than H 3 BO 3 probably exists at a low temp., but 
it is not stable at 15'^ the vaj), press, at 5" is TvS mm.; at 10, 6'8 mm.; and at 15 , 
12'1 mni. E. Lowenstein made some observations on this subject. G. lammann 
gave 10 - 2 , and 5 B 1 mm. for the lowering of the vapouT pressure of aq. Boln. 
with respeetivelv .5-25, Id'll, and 27'36 grins.of boric acid per 100 grms. of water, 
at Vhi", and K. W. Bkirrow fortml the vaj). jiress, p mm. of aq. soln, with y grins, 
of |HT lifrt* at H 2 ' 8 ' : ^ 

, . 21-7 23 0 42-H (17-5 80-7 H3 ir)2 ! 172 

p . . . ri7{»r) fiSO 578 572 570 5()() 5(34 501 

Tlif raising of the boiling point of aij. hoIh. of horic acid has boon measured by 
E. Brckituuin. VV. buiidslxTi'er, and 1 j. Kahleidierg, and only varied from 0-49^ 
toD'.M' vMth solii. containinjf 2'.‘ib and 3()'41 jfniw>H;jBpy ])er KX) ^rms. of water. 
11 . Na'siiii and . 1 . A;:('nii also found tin- rairtin*,^ of the b.p. of a(j. soln. by boric acid 
to be iiuieooid with‘h<-mol wt. H;,B(){ (ii. S Arrhenius, and L. Kablenberg and 
0 . .S'lirt-iiH-r mciisiiii-d.tlic lowering of the freezing point of aq. soln.; the former 
ohininri! 111!* for ilic.cinistHnt a.s,sociation, and tie* latter found distinct evidence 
of a.ssocmtion as i^evident on comparing the first and last of the following: 

Cone, of . . 0 25 0-l(>7 0-12(> inols per litiv. 

of f.p, .... 0*481)® 0*327® 0*247® ,, „ 

CiilcoIfOed coiif, If ,130, . 0*27 0*177 0*133 „ m 

The partition coefficient of borie ai id hrtwem amyl uleohol and water was measured 
by C. .1. •). Kox, !’. Miilicr ami K. AiiiTbach, and found to be nearly constant 3 85 
at 2'» ' for Mill! of ililb-n'nt com*. \\ Midler g;ive 3'37 at 1')'; ’J'/H at 2 ^'; and 
.T‘3l at .'Cl . TIiom* results iminated that fliere is no change in th<‘ mol. state of 
horie acid m .''oln. of ililTen’iil cone, The partition coell'. of boric acid in aq. soln. 
of sodium 1 liloride ami aiiivl aleoho! was measured hy B. Midh'i* and 11. Abegg; 
between an atj .soln. of pola.s,siuni Ihiorale, at^<l amvl al(4»li()l bv V-. J. J. Fox; 
lietw'eeii water, ami mi.vtures of jimyl alcohol and carbon disulphide by W. }lerz and 
A. Kur/.er; betwi'cn water ami ether, by J. A. Bos«-: and between amyl alcohol and 
g)y«*wrol. by \V. Ilerzami M. Lew. 

Ac 4 *oniing to J\I. Berlhelot.'i the heat of {onuation of crv.stalline boric acid is 
•Til;;fhiiiiii<i) Ib'.M Cals ; or (B^tt,. 3(l.j(b,,)(,i) 12'fi Cals. A. Ditte found 

that an cq. 4 if boric m id ab.sorbs 3 1S7 Cals in order tiT make a sat. aq. soln., and if 

more water is added, only (i^ll Cal. is absoilied. J. Tbumsen gave 
nq.) - b'J Cals, and M. Bertlielot uavi* 18 Cals, for the heat o! SOlution of a 

mol of boi'ii* acid in SiK)niolsof wat'*r This agrees with a large jiositive temp, 

eoetf, for the .solubihlv. ,1. Thomsen also fonnd*the heat Of neutralization of one 
eij. of jMxlium hydroxide wifli a eq, of Imrie aeid : 

n ... \ • I \\ \i 2 4 (3 

ChIh. . . MMO ns 20 loolo lo*;jor) 10*700 11*100 12-800 13 (300 

The^heat elfeet wlm h m i nrs afti'r oq. amounts of acid and alkali ha\e been mixed 
shows tliat polyborates an* probably formed exothermally. M. Bertludot found 
that an eq. of bone aeid in 4 litres of WiUer with J oq. Na^O per litre— 11*56 Cals.; 
with 1 eq. Na.d> 19 82 ('als.; and with J 4 eq. Xa._,0—ly-65 Cals.* M. Bi'rthidot 
ga^’c for the heat of ju'utrabzXtion of an 4 ‘q. of borie aeid {70 grms. B .>03 in four 
litres) with one fii. of Nlbi in 2 lito's, 8‘)3 ('als.; with 2 eq. 1 I fm Cals.; and 
with 3 eq. NII 3 . 12T)0 (’als. H. lamden gave for the heat of neutralization of boric 
aeid with ammonia, 11440—36 80 cals., ift 0''. H. voii vSteinwehr gave for the heat ol 
dissociation, -3 a5 Cals, at 48*2 ; - 4 0-1 Cals, at ; and -414 Cals, at 13-6®; 
H. Lunden gave - 317 C’als. for the heat of dissociation at 1.5’, and -3*08 Cals, 
at 25’’.. J. Thonwen, 1*. Ueorgievic, .1. Shields, and W. Ostwald found the avidit]! 
of‘boric acid for sodium hydroxide to be very small compared with those of other 
Hoida. * • 

According to A. descCloizeanx,*^ the double retraction of crystals of boric acid 
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is stronpily negative; and the dispersion is inappn'ciable; J. Chnudier found that 
elliptiClU polanzation is prodiu ed when gnu. of boric acid is jnixed with T)!) vs, 
of carbon disulphide, benzene, pseudocuniene, turpcntiiu‘, ether. earb(»n tetriw'hloride, 
chloroform, or petroleum. 0. Mesliii also studied the ])olurization of mp K(iln..of 
boric acid. B. Wagner found the iiid« o! refraction of soln containing,*!, 3. and i 
grnis. of l>oric aci(i in ItK) c.c. of .s<iln. to be re.speetivelv I 3.331M). I‘334(i4. l‘33f>32, 
and 1’336(.)() at 17 ”)° for the D-Ww. 1*. P. Bedsun and W. Williams found the 
index oirefraction of isotropic fused boric oxide to ]>e 1'4()U4 for thi‘ //„*!in»‘ r l'4(»37 
fur the«Na-line; and ^'4323 for the //jg-line. ,). H. (Gladstone and W. Jlibbert 
found that with the //,,-line, solid boric acid has the molecular refraction lo’lii). and 
in sat. sol., 14'77. S. Proco|nu studied the effect of boric acid on the Inr^fringeiice 
of benz('ne, etc. For the phosphorescence of boric acid, ride boron trioxidi’. 

E. Bourgoin said that an atj. soin of bone acid is not deeonijaisi'il by a current, 
but A. Bartoliand (1. Papaftjgli fouinl that a perceptible (ha'ompoMtion oceurs'witb a 
current from IJ 8 Bunseirs <-ells. 0. IWk found the >periti<- electrical conductivity 
of the soln. at 18" to be : , 

IVrootit. H.BO,,.U77i; i-!t2 . :i 012 

(loij(lui't)vily ..... IM)22 0-|| 1);21 U'H 

Tenij). coeff.0-02;U (COlBl UOU70 

J. Ki'inlall and J. Andrew.s measured the conductivity of bori<‘ acnl in n<|. soln. 
of hvdrochloric and nitric acids. A. B. Ilrvan iiieasure(l tin* conductivity of tlann's 
( barged with boric acid. .1 Walker and W. (’ormack gave f«ir t be mol. condnetivitv, 
/£. th<‘ de^ee of ionization, a, and the ionization constant of <lil. m>Im. with a mol 

of flic acid in r iitrev at 18 ; ^ 

e . .HI 22 2 Xi:\ U'4 

/t . . . n-(»4rs) o-o7s:i o-uhui 

J>ecrt‘('i(»n/,n'um. a . J’27 JU '' 1 Ut In ® 2 :U» 10 '• 2’72 « in '* 

Ionization * oiuslnnl, K . . V7 ' lO ® l liU 10 ® I 71 • 10 * |•(IU • 10”® 

11. Lunden cah ulated the (m|. ('onducti\ i(v of hoiic acid, assuming the ionization 
proceeds H;ili():t^^IIM Hdl<V. at 0,'to bo 18j OlilTItfi 4r(«i;t28&‘-‘. 

E. (). .Mandala. and 11 .Mcnzcl liavi’ also studied thi-^ subject. A. Hantzscfi and 
A. Bartli gave for the ionization constant of bone acid which tipis 

fails hctwceii those ()f hvdr(*.sulpliuric and hedrocvaiiic acids : 

IKIKO,) UgllO, JK'v SllfiOU H(OII) 

K . . ;i()4 10’ 0111 • 10-9 23,ii)'* I :i hr* iiIaIo"’ 

0. A. Ahhott and W. (’. Brav^also found tie* ionization constant H;jlU);j?=ill' 
i H.jBO'a, l'7xPr''' at JH'; S. Arrlnoiius correi-tcd this value to MKiXlt)"^; 
H. Menzel gave 'y~ x 10“*** at JH", and J, Lundberg (d)tainrd fJ'l X 10“"* by making 
an allowance for hydrolysis. Roric aeid thus Ijtdiavcs a.s a weak monobasic acid. 
The cone, of the H'-ion cxcis'ds 1 x 10“^^, and S P. L. Sorensen found f)‘r)r)XlO“*i, 
and ('. li. A. Schmidt and C. P. Finger, 4 7 X Hr*'. S. Arrheniusempliasized the small 
change in the electrical conduetivity of .soln. of boric acid witli dilution. Tlie^plit- 
ting of the first of tlu' tlirce Jl -ions of borii^acid evidently takes place with difficulty; 
and the tertiJry salts of boric acid arc not formed in aip soln., for the acid is 
also considerably hvdrolyz-d. P'or .soln. of boric ncid F. Auerbach’ W.*M. Clark 
and H. A. LuKs. E. B. R. Pridcaux and co-workers, S. Palitzsch, P. K. Sorenffen, • 
and C. L. A. Schmidt and C. P. Finger found that the ionization constant 
is increased by decreasing the cone, of- the soln., and for very dil. soln. is 
not far from A‘”17xl0"“; and that the addition of a neutral salt increases 
the value of k, J. Walker ('alculntcd the degree of hydrolysis to be 084 per 
eent. with O liV-soln. of borax, to bi* 0*3 |H*r cent., and .1. Shields found O'b m*r rent. 

J. TiUndberg calculabnl the OH'-conc. of borate soln. from the velocity of saponi¬ 
fication of estere and found the hj^rolysis constant A' [0H'})HB(^|^B0/|,tp 
be l-9xlO~5 at 18°; H. Menzel gave 112xl0~® at 18°. Magnanini found for 
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four litroH of ««ln. .'ontaining I, (i r., and 01 

niol of lK.ri<- aoi<l tli. mol, conductivity, KKV, falls from ^ to 65 0 to 16 4, and 
with four litres ol a soln. containing a mol of manmte and 1, 0 o, and 0 1 mols ol 
Wic acid, the mol. conductivity, l(K)/t, falls from 118 to 93-5 to 43-4. He infers 
thflt the coiifiiu'tivitv ^ Jip/jroximateJy proportional to the cone, of the mannitol, 
amhto the enhe root of the cobc. of the horie acid ; and this agrees with the mass 
Jaw on the as-siiniption that thna* rnols of mannitol and one mol of boric acid form 
a corii|dex ion. lie also stinlied the action of glycerol and erythritol. H/.Jjunden 
hnind for tlie transport number of the ion HgBOj' is 29*0 5 jt 15'’; 36 8 at ; and 
nml 4!»7 at 40 '. t’. Ij. A. Schmidt and P. Finger studied the jmtdMitial difference 
of the hjldrogen electrode in a soln. of boric acid. 

0. (lore found that a coiiper jilate at lOO*^ is electropositive towards a cold 
plate in a soln. of horie acid. Cl. MesUn found ihe.magnetic susceptibility of boric 
acid tA be O lioX Or® nuns units. * 

The solubility b! orthoboric acid. —Tlw solubility of boric acid in wa/er has 
licen nawured hy H. .Hrandes and K. Firnhaher,*® and by A. DitO'. The latter 
represeiitei! the amount, iS. in grains of liorie aei<l dis.soived in a litre of w'ater at 
ff‘,hyS llCl lO-63l>;i60'jO-Ol6(K)Sd^ 0-iH)O01604d5,biitliiHresu!tsarenndouli0'dly 
too low. It. Xasini and .1. Ageno gave for the percentage solubility :• 




O' 

2-511 


in 

3-45 


l» 0 ' 

4-S 


40' 
8 02 


80' 


lOO" 

2B-7 


320® 

52-1 


They gasa* - -0 "()' for tlu* eutectic temji. with a soln. containing 2’27 per cent, of 
boric acid ; F. tluthrie gu\e • 0 ” 'for tin'eutectic temp. W. llerzand F. Auerliach 
also obtuineil .some isolated data for tin* .‘jfiluhility of boric a<-id in water; and 
W. llerzand M. Knta-h found the nornmhly of aip soln, sat. at 13”,2^* , uud 25'' to 
Ih‘ respectively (e(i20, 0-7915, and 0-H9tl!). 

K. Ahegg, ('. J. .1 Fox. and \V. Ilerz tjniud water at 26 dnsolves ()'80 niol 
of boric acid, and willi 3'21 and 2'80A’-soln. of hydrofluorir ai'id, 0'75 and 0'96 mol 
of boric n<“id (lissolved, so that the soluliility of horii- acid i.s d(‘pressed l)y hydro- 
rtuorie aei<l. \V. Herz represmted the solubility of boric acid in terms of normal 
soln.'at 26'. Without m-id. the soln. of boric acid is irlKlTA-iyiOj, and with 
hydmddoric acid .» 


.X-IK'l . . 0-130 0-200 0-300 MUl 2-U 00 7-OS 0-51 

A^HiH03 . 0-805 0-870 0-842 O0|5 0-:.42 0 338 0 327 0-338 


allowing that the solubility derrease.s with inen'ssing proportions of ac-id and Jinally 
attains a constant value with about 5jV-ll('|. .1. Kendall and .1. ('. Andrew's also 
measimal the solubility »>f borit- lu-id in liydroehlofic acid. A Ditte said that boric. 
B<-id Is innn‘ easily soluble iu dil. liydroehlorie acid tluin in whUt ; and all three, 
agree tliat there is no sign of n epmbination ot the two acids. W. Herz’s result.** 
with mlphuric acid an*, at 26': 


A'-HjSO,. 0-548 2-74 5*48 8-70 

A’.HjKO,.0-746 0-618 0-312 0-002 

L. Gmelin, H. Sehiff, and (}. Merz found that with (-one. sul[)huric aejd, a colourless 
viscid mass i^ ])ro(lured from which water ]>n‘cipitatos lioric acid— mdc. boron sul- 
ph^U'. With «i/ric acid, W* llt'rz found at 26'‘: 

A^HNOs .* . 0-241 1-20G 1-607 2-411 506 7-38 . 

A^HaBOa . . 0-818 0 676 0-503 0-567 0-268 0-238 

showing a steady fall in the solubility as the cone, of the nitric acid incn'ases. With 
0’570^-, 2*8r>A^-, and A TOiY- ucctic acid, W. Herz foUnd sat. soln. contained resjiec- 
tively 0*887A’-, 0‘538A-, and 0'268A^-borie acid, at 26°. P. Schutzenberger 
deacriU'd a comjmund of acetic and Wic acids. According to A. Holt, orthoboric 
acid is readily soluble in hot glacial acetic acid, f join which it separates out unchanged 
on cooling. The pyro-^cid and boric anhydride arc insoluble, whilst Aetaboric 
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acid dissolves io a very slight extent, the soln. depositing the ortho-acid on cooling. 
M. P. Oukelsky studied the ternary system, H 2 O—(CHsOOlaO. W. Here 

found the solubility of boric acid and oxalic aci4 at 25® in grams per UK) e.e, of s<it, 
soln. to be: 


H.C.O, 

. 2-20 

re 30 

12 31) 

11-27 

10-K4 

10-77 • 10 03 

H,BO, 

. ()-17 

(i-TO 

7-4t 

3-4.7 

0 U7 

0 • 

Soiill 

. . nori> acid. 





W. ir.'r*also 

gave with (arfai 

ic aenf at 

25'^ (grams jut l(i 

H) e.e. of sj 

it. .soln.): 




rf-tiirl.nir .» 

•-id. 

H 

artarlr at-itt 








H.C.O, 


0 

11-25 

ireoo 

U- 1.5 

1S-‘I0 37 

H,BO, 

« 

. • .yrti) 

i>-2n 

7-lK 

0-11 

0-4H 7-23 


showing that thcKoluhility increases wkh increasing jjroportions of acid. (.«. Mair- 
nanini, A. F. W. Duve, U. Bainlran, and H. (Irossinann and Li. Wieneke observeil the 
formation of complexes witli tartaric acid. W. Jlciv, gijve for soln. with 2 '12l, 
IH'77, molar per cent, of ladic acid at 25 ’. respectively O'fil, and 12’1K) 

grm.s. of boric acid per c.c. of sat. soln. at 25 and (j. Magnanini observed the 
formathm of complexes with t!n*se two acids. J5 jMulIcr and K. Ahcgg also mcasunal 
th'* Holuhility of f>ori<‘ acid in lactic* acid. A compound of boric aci<l with fk-nzotc 
acid was descrils'd l)V A. Michaelis and K. HichU'r; witli eifne acid, by A. Scheibc ; 
anti with fialici/lic acid bv K. .labns. 

P. Bogdan measured tie* HoUil)ilily of boric aiid in aep soln. of sfkiiaiii cldoridc 
and poftmiuw chloride at 2-5 , and W. Herz. in a(|. soln. of hlhiuni chloride and 
ndddiooi chloride at 2-5The r<’sults interpolated by A. Seidell, s() as to show the 
number of graiii.s /; of the chloride per put c c. of sat. soln., with the number of 
grams of boric acid di.ssolvc<l per BM) c (‘.‘of .sat. soln , at 25", when the solubility in 


water alone (7 

-0) is .5-.5!l arc : 






f/ 
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0 

8 
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15 20 

30 

HCI . 

. 4-02 4-30 

3-SS 

3 

3-1.5 


- 

l.iCl . 

. :.-20 4-8."> 

1 -t.') 

4-07 

3-7.5 

3-00 


N'liCl . 

. .'.-40 .'■>•30 

.'>•20 

.5 ir» 

.'i-lO 

eO'f 


KCI . 

. r)-07 ^ 


.500 

ii-OO 

(i 25 0-50 


BbCI . 

. .") 0 u r )-02 

r)-(i7 

5 72 

5-77 

5-00 0-10 

0-.55 

P. Bogdan also 

measured the solubility of lioric acid 

n .s«)ln. of pdamum a 

id sodium 

niiraicjt, and in 

f)otassium and sfultuin mlphaU 

.i, and, 

cxjirc.ssing the n’sulbs 

as above, 

found 5’75 witli water aloia*, 7-*0 






a ■ 


10 

20 

40 

00 

SO 

Na(JI . 


.V7o 

5 74 

5-72 

5-72 

5 71 

KCI 


0-80 

5-80 

.5-08 

«'12 

0-20 

NaNOa . 


5-7K 

5-81 

r>-87 

5-95 

0-02 

KNO, . 


.'»-81 

6-88 

004 

0-20 

0-37 

Na,S 04 . 


5-88 

0-00 

0-33 

0-70 

7-to 

K,SO* . 


5-02 

0-10 

0-.50 

0-«2 

7-40 


P. Bogdan added that the raising of the solulnlity^ia the. more marked^tbe weaker 
the acid of the added salt, and is probably to be ascribed to cheiyi(;al action.^ 
F. Auerbach gave for the solubility of boric, acid in soln. of horax\ in inols per litre 
at 25®: 


Na . . . . 

0 

0-05 

0-075 

0-10 

0-15 

0-20 

Excess acid over B : Na 

0-885 

1-075 

1-155 

1-25 

1-37 

1-51 

Excess acid over 2B : Na 

0-885 

1-025 

1-08 

1-15 

1-22 

1-31 

Total cone. B 

0-885 

1-125 

1-23 

1-3.5 

1-52 

.1-71 

Combined B 

0 

0-240 

0-345 

0-465 

0-635 

0-825- 

Ratio Na to combined B 

— 1 

4-8 

4-6 

4-65 

42 • 

4-1 

B in poiyborates 

— 

0-236 

0-340 

0*^58 

U-624 

0-811 
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Borax thus aUKtiii-nt* the soluWlity of boric acid. M. Puaux obtained soln. con¬ 
taining Iwric acid Ml, to a hcxal«)rat<', by adding a little calcined magnmum oxide 
to the hnilinp soln., and then nion: l)ori<‘ acid. The keeps the soln. alkaline, 

and this enuhit's niorr tioric lu id to dissolve. For a 10 per cent. soln. of rioric acid 
—Hp. gr. 1‘4 grins, of niagnesiu are needed ; and for a 20 per cent. soln. 

- If]), gr. I'OHH- .'k5 grin.s. «f magnesia are reipiired. T. W. B. Welsh and 
H. J. Broderson found 100 grni.«. of anhvdron.s htjibdzrne dis.solved 55 grins, of 
boric acid at room 0*inp. F. Bogdan found that at 25^^ .soin. containing 0, 20, 60 
grins, of urvn per Bki grins, of water <lis,solved re.Mpcctively 5’75, 5'93, and G’31 
grms, of lioric acid per l(;<i grins of water. 

]’. Miller and K. Alx-gg niea.surcd the .snluliilities of boric acid in aq. soln. of 
methijl, efhijl, prop///, isu-hutijl, and tm-ininjl alvo/tols. Expressing the amount of 
alcolkol in per eciit. by weight, and tin* amount of« boric, ueid in grams per 100 c.c. 
of sat.’soil) . at 25 ’. thi'V obtained : * 


('ll,OH . 


41-5 

r>o 

58 (id 
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H.HO, . 
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The results are 

plotted III 1 

'’l!,' 11. 

Till' sii. gr 

of the soln. were ; 

also measiin 



A. »S(‘idell lias i 

dso measured the 

.solubilities 



A. »S(‘ided has also inea.sured the .solubilities of 
soiii. in etlivl aleohid at lo’ and 25'; and 
F. Bogdan, the solubdity in ]>ropyl alcohol. 'The 
diminisbing .solvent power of aicoliol for borie 
ai-id a.s the amount of water increases is attributed 
to the breaking down of a eompound with alcohol 
and boric acid ; and the variation in the different 
alcohols is taken to iTidicate that the allinity of 
boric ai’id for*ah-oliol with increasing carbon 
content, de<n*ascs more rapidly than the allinitv 
of boric acid for waliT. The limitcil miseibility 
of the higher ah-Miols in water accounts for the 
dotted lines in the i-urves. 

, 1). Hooper mea.sured the solubility of boric acid 
ex(in‘ssed in grams per FX) grms. of (ihteerol of 
sp. gr. l'26(i at 15'5'\ and found: 


''/OO 75 50 25 OXmter 

0 25 50 75 fO0%dlcM H 3 HO 3 

Fio. Jl. Solubdity of Horii- Acid in 
Mixtui'cS Vli'ohol niul Wat^r nl 2.5*. W. H«*) 


0 ' 10 ' io" 
20 24 28 


40“ 00" HO^ 100“ 

»« 50 01 72 


Mixtui'cS VIeohol and Watt'r nl 25*. VV. Her/, and M. Knoch found that at 25"^, 
* • , . grins, of a solvent containing w per 

c('iit. of glycerol, disvsolveil the following percentage amounts of lioric acid : 

Olyeerol soln., H . 0 715 3I-56 40 »5 48 7 09-2. 100 

H,BOa . . . 5-50 6-38 5-20 541 5 04 7'32 1902 


P. Muller and R. Al)egg, and A. M. Hssentlovvsky also measured the solubility of 
bone acul in glycerol. P. MiiUer and H. AWgg measurt'd the solubility of boric 
ajgi in soln.wf dulcitol and of luamutol and g^e for soln. containing 0 065, 0130, 
and 0-260 molar per cept. of duMol, CeHafOHlc, the respective solubilities 6‘5o’ 
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5 63, and 5'81 ^rnm. of boric acid jwr 100 e.c. of sat. soln. al 25°. Exptt'ssing the 
results in grams per 100 c.e. of sat. sola.. F, Ageno and E. Valla found for ntamiiliit, 
t'eHgiOHlg. at 2.5°: 

Munnitol 0 

HjBO, . . 5r>0 

Solitl |»llrl>0 

G. Magifanini's ol)sorvutioiis aro distussfd in ronnfction ^ith tlu* oloctrioal oon- 
(luctivity of a(j. soln. of mannitol and bom* acid. 

H. Schiff, and H. Hose .said dried dher dissolvc.s only trace.'* of boric acid, and 
J. A. Hose showed that the solubility increases with increasing: immorlionstif water. 
Thus, KMl ‘rnns. of dried ether dissolve ^rm. of lairic acid, and 1(K) urm.s. 

of ether sat. with water .dissoK'c ()'2'W1 ^;rm. He also measured tlu' partition 
coeff. as indicated above, and found for -I : 4V;J7 at 27". I ; H <12 

at 17'. 1). H. Wester and A. liruins found HH) j^rms. of tliclih'nnrtliiflnK', at 1.'') . 

diicsolved OtKKi ffrin. of boric acid ; anil HH) ^frrns. of tnclihrocthiflmc. i) 

1*. Boedan measured the solubility of boric acid m ucefone lit 20 , and \V. Her/, and 
M. Knocli, at 20'’. The latter ^dve, per loO e.c. of solvent: 

Acelono . . 0 20 40 Oo • SO 100 

JfjBOj . . 4-5»l r»07 4 7t :i-4l 050 

J. Timmermans found that with a (H per leiit .‘*oln. of pficml the molar cone, rosfi 
from l'2iH Ui rb2. H. Ko.se found horic acid dissolves in many fssrututl <nh. 

The relation of horic acid to indicators. -Aecordin;: t4» M. h’araduy,'® and 
.M. l)esfos.s('s, lurnu'iic papei dippi’d ill a soln. of boric acid is (piickly colouri'd 
brownish-red. and when the paper is drit'd, thi' elb'ct resenihle.s that produced b\ 
a weak alkali. The orij»inal colour is re.storefl hy waslnn*: the paper. 1 he mineral 
aculs and o\alie acid produce a l^ijiht fed with the browned paper, and alkalies 
turn tic* iirown paper into various shades of yellowish-red, purple, and blue. If 
the browned paper be heated, tlu' turmeric yellow is almost rest<mMi. I be effect 
jirofluccd bv a<j. ammonia or hydrochloric acid on the br«fwned paper is lost by 
volatilization. Boric acni in all state's of dilution reddens turmeric papiT, but 
with \crv fill, soil!., it reijuires .a few minutes to ])roduce tlf effect Soln. ouce 
made achl. redden litmus and turmerie. however much they be dilut'd, so that the 
acidified soln. does not become alkaline wlu-n dilut^'d. A cold sal. .soln. of boric 
acid colours blue w'ine-re<l, and, aee(»rdin^ to K. J, Malajiutl, the colour 

become:^ bright when the .soln. is ht'iited. D. Klein showed that a soln. of boric 
acid wilich is ,so diluted that it,does not rem I to litmus, develops H strong arid 
reaction if glv<'erol. ervthritol, mannitol, or galactose is added ; blue litniiis. be added, 
is reddened by boric ueid in the pre-vcncc- of mannitol if bvit 0 OtKKl.^Uh of boric acid 
is present These carbohydrate's accentuate thf‘ acidity of boric acid. Qucrcitol 
does not show' the reaction. The reaction has also been discussed by J. A. lh)se, 
U. T. Thomson, etc. K. 2V. Fluckiger and H. T. Thomson noted that ])hfmljtliili(dnny 
reddened by the addition of an alkali, i.s deeoloriz<'d by boric acid. In the titfation 
of l>orax with (CoA'-hydrochlorie acid, niid /enitrophcriol as indi(^at<)r. the soln. 
reacts acid only when all the .soda has been neutralized; yenitrojthenol is indifferent 
to boric acid. The boric acid cun then be litratt-d In the .same li<|uid''with the 
same standard alkali by using phenolphthalein as indi<'ut.or, in, the ^)r(|sene.tf of 
glj’Cerol or mannitol. J. L. Gay Kus-sac used lifmus as indicator in titrating boric 
acid; F. Parmentier, and A. Joly, hidiutitlnn ; H. Engel. Porrier s tioluhle blue ; 
A. Guvard, k(rtuaioxifhr*; V. de Ijiiyne.s, orceine; V. Schwarz, cotufo red; 

H. T. Thomson, Uwiuoid; L. Barthe, tinctim* of rom leaves ; L. itohin, tincture of 
iuimosa hbmoms; H. N. Morse and W. M. BurUtn, and A. Joly, trn]p(Boli7i; H. T. 
Thomson, and A. Joly, methyl oramje; K. T. Thomson, phemUirxiohn. ^ 

When two electrodes of the sajiie metal arc placed in two soln.<in electr^c^i 
eontaet containing the ion of the metal in different cone.. CT and respectively, 


l'H2 till 14-57 32-43 27-97 24-aj 19-38 

5-90 G-Ot 7-27 9 43 7 71 4.92 0 
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the (liffcrenco of potfiitial. E, if given fairly closely by £=0 000198f/<logio Oi/CjVn, 
when ia the valeney of the iona of the metal in soln., and T is the absolute temp. 
The principle tan be employed to determine, say C^, the cone, of the H -ion in soln., 
for, at 18“. with the normal hydrogen electrode and n—l, the measurement 
of E enables Cg ^ calculated from ^=0'O58 logio W. Bottger first 

us^ this principle for the electrometric titration of acids and baae.s. According 
to J. Htieglitz, indicators can be regarded as acids and bases which take part in 
the e(|uilibrium of the system in virtue of the H-ions or OH'-ions, for, ewn if the 
colour changes are directly dependent on tautomeric structural changes, the change 
of colour is a function of the iI‘-ions, and, as A. A. Noyes has emphasized, if the 
ionizati(^i constant of the indicator be known, the cone, of the H’-ion at which the 
colour change occurs can be computed. H. ^Viedenthal, W. Salessky, B. Fels, 
8, P. L, 8dren.sen, K. Halm, cte., have deterriuned tln^ cone, of the H -ion at which 
the colour change occurs, and the following is a selection from the results of the 
last named: * • 


Itefirom'iidiiK tho foift*. of tli*' ll'-ioii in fA<rriw of (ho noaroNt [>owor of 10, cochineal is 
yellow for 10 ♦, yollowwlijpink'for lO”''', iind hlac for 10"“; Conijo red is blue for 10’®; 
vioint for JO rcddisli-violDt for 10 orungo for 10 *; un<l orungo-roil for 10"’; 
hfllttnlhin is yrllow with lO'*®, and lilac with lO' ” ; htmim is nsl for 10'*; mldish-violet 
for lO'*; violet for Ilf’; suid hhic for lO'*; imlhijl red is n'd for 10'*; pinkish^yollow 
for 10 *; and yellow for 10 *; nut/ii/loiaii'fr if* vom-mi hr 10"'; orange for 10"'; pinkish- 
yellow for 10' * ; mid yeillow for lO "; p-mtrophrnol is colourloss for lO"® ; light gnion for 
It)'*; and yi'llow'for 10 ’; is yellow-for 10'*; browiiish-i«nl for 10~*; rose- 

red h»r lU •; vioh«t rod for 10 and cotoiii los.s for lO''®; phrnol})lith<di'in is colourless 
for Jo ■; and for 10 •; whil«' trojurolm UU n chcrry-red for !()■'; flesh-colour for 
lO"*; and yellow for 10 


In Fig. 12, the c.in.f. expressed in terms of the computed rone, of the H'-ioU 
is plottul (liirinir llie addition of stamiard alkali to a soln. of lioric arid and of 

• hydriiehloric aeid. The greater jump in 
the range witli liydrochloric acid than 
with boric acid shows that in the former 
ease a slight adilition of alkali suilicca to 
change tlie cone, of the H -ion through a 
rang!' from 1()~2 to 10 whereas with 
boric acid ^alone, the range ia very 
nanow' on each .siile of lO'^b Other¬ 
wise expn'ssed, in titrating hydrochloric 
aeid witli alkali, the aciditv of the soln., 
i(‘. the cone, of the Il -ion changes 
through a range gn'at enough to include 
the colour changes characteristic of most 
indicaters, but with the titration of 
liydrochloric ac'id with methyl orange 
as indicator a very slight addition of 
alkali at the end-point is suiHcient to 
change the acidity, that is, the cone. 
^c.c diOff H -ion through i range great 

« • j u I *'noiigh to include all the colour changes 

Fi <4 12. iq('ctrometnc Tilrafion of Hydro- t *u„ •• ttAi 

ddoru. aUmM of Hori.- Avid (xuilf and indicator in (piestion. With 

w’ithuut Manmie) by Siamlaixi Sodnitn acid, however, the rapid change 
Hydroxide. * in acidity at almut 10“*, throws out 

methyl orange changing between 10^^ 
and lO*"®, long before the eq. amount of baw* has-been added; nor does phenol- 
phthalein changing at 10“* give a satisfactory end-Mint. An indicator changing 
colour nl'ar the middle of the jump in the curve will in general give the sharpest 
end-point. ,The cone, of the H-ion at which an indicator changes colour 
may be different from E. Salm’s value, but il 1, 3, 6, 7, 9 grms. of mannitol be 



1 



/o-> 

I 

to* 

*3 

id^ 


Af*' 


to' 



BORON 


61 


progressively added, there is a proportionate increase in the U'-ion cone, of the 
soln., until the strength of the boric acid becomes great enough to permit its 
titration with phenolphthalein. An indicator changing at 10“** would permit 
the titration of boric acid without the addition of mannitol. The subject has 
also been studied by E. Rimbach and P. Ley, and R. Dubrisay. . 

Some chemical properties ol boric add.—H. Sebiff and R. Sestini *tfouud that 
iodine has no action on boric acid. The action of Tiydroohloric add is indicated 
in dealing with the solubility; similar remarks apply to aq. soln. of the alkali 
cfalorided, H. Baubigny and jP. Rivals found boric acid decomposed hot soln, of 
chlorides, or bromides provided the soln. is sat. If hydrogen bromide be jias.sed 
into an alcoholic soln. of boric acid, J. Nicklhs found that boron bromide and a 
complex of that salt with alcohol are formed. R. H6])ke investigated the mlluenee 
of boric acid on the reaction between iodiC add and sulphur dioxide. If, N. Warmn 
found that if boric acid btsadded to molten sodium chloride, a layer of fused borax 
appears under the molten sodium chloride ; and M. ti. Levi aiuf S. Castellani pro- 
jiosed the reaction for converting boric*acid into borax. (1. Ubaldini found that 
iodine separated when an alkali iodide is triturated with bbric acid provided air 
has free access or the .soln, be hot. H. Baubigny and'P. Rivals also observed that 
boric acid decomposes a cold soln. of potassium iodido with the separation of 
hydrogen iodide, but P. Georgievic said that boric acid aloes not liberate iodine 
from a mixture of potassium iodide with potassium iodate, or nitrite, 

The action of sulphuric acid, and of potassium and sodium sulphates, has been 
discussed in connection with the .solubility of boric acid ; and the action of sulphuric 
acid, and sulphur trioxide, is treated in conni-ctiea with boron sulphats'. Boric acid is 
so weak an acid that it is readily expelled from many of its combinations, and partially 
soeven by hydrosulphuric and carbonic ahid. Aboiling cone. soln. decomposes .soluble ■ 
sulphides, as well as manganese .sul|ihide. In a dry way, at high temp., boric acid 
will decompose the salts of all more volatile acids, 11. Schulze studied the action 
of boric acid on colloidal antimony sulphide. A. Etard found boric acid has no 
action on a soln. of ammonium magnesium sulphate, (NHtjaSOi.MgSO^.fiHal), 
blit if some hydrogen peroxide he iireseiit a white pri'eipitate is formed. The action 
of various organic compounds on boric acid has heini discussed in eoiiiieetion .with 
the solubility of boric acid. 1). Klein studied the action of polyhydric alcohols 
on boric acid. E. Tiede and E. Birnbrauer said that boron oxide forms a carbide 
when it is heated with carboa. As indicated above, carbonic acid will displace boric 
acid from the borates, but a boiling cone. soln. will decompose the carbonates. 
E. Ageno studied the partition of sodium oxide between boric and carbonic acids. 
When (fcis the total cone, ol the sodium oxide, x that required by the eoiiibined 
earboiiic aeid, C the total cone, oh the carlionie acid, then, with soln. sat. with boric 
acid—0‘lKJ mol per litre, then K—0’lK.)x/(a— x)((,'- x); but A', at 25", varies from 2’37 
to (J’827 as the cone, of the sodium oxide is increased. The deviations from con¬ 
stancy are said to be due to variations in the solubility of carbon dioxide in the 
jircsence of borates and hydrocarbonates; and to the formation of polyborates 
with increasing cone, of the sodium oxide, P. Georgievic found boric acid has no 
visible action on soln. of the alkali carbonates or bicarbonates, but, added C. Jehn, 
cflervcscence qccurs if glycerol, honey, or one of the, jiolyhydric alcohols be jireseiit; 
neither quercitol nor glycogen has any action. L. Kced_ found that by mixing boric 
acid and caldum Carbons^ (1: 20) with water to torm a slip, a hard ^uicnt-like 
mass is obtained in a lew days—the setting is retarded by lucrcaric iodide, lead 
chromate, and ultramarine. F. de Lalande and M. Prud’homme. showed that a 
mixture of boric oxide and sodium chloride is decomposed in a stream of dry air 
or oxygen at a red heat with the evolution of chlorine. 

The effect of boric acid on the setting of hemihydrated calcium sulphate is 
treated in connection with plaster ol Paris. H. Rose found if an aq. soln. of borio 
acid and amtnontnm ob*Avid* is evaporated to dryness, and the mixture calcined 
with the exclusion of air, some boron nitride is formed; ammonium nitriUe furnishes 



62 lNOn«ASIC AND THEORETICAL CHEMISTRY 

no nitride under eimilar conditioJa, effect of pota^um and sodium nitotes 
i» di»cu»»ed in connection with the solubility of boric acid. . ""f 

that lioric acid can be used in the prejiaratioii of nitric acid from Chill saltpetre, 
and so obtain borax a.s a by product. K. Auerbach found that a complicated con- 
(iition of t-miilibriuiii occurs with a mixture of boric and arsemOUS aciw competing 
f()r^Hodium*oxide inBuffuient for complettf neutralization. Both acids form com¬ 
plex i-oniffouiids. * .... V 1 . / \ 

(J. Jaula-rt found sodium dionde eonvertH boric acid into a j)erborat<‘ 

A. flturd prt'pared hurtut/i dilmuh’, BaB^ 0 r,..‘Jff 20 , by the action of b&riUlii diOZfdB 
on boric acid. By the action of boric acid on a mixture of caicium Oxide and boric 
oxide, C' Bigot and .1. Hchreiter obtained what (hey regarded a.s dimlcium diborate, 
('a^B^Ofit from whieh he made the letra-'anlium dihorate by treating with sodium sul¬ 
phate. L. rle Koningh ignitcfJ a flried mixture of l)orie acid and an excos.s of 
ammoniUBl ZinCAtey uml obtained zinc oxale fn-e froin-boric oxide. T. Bergman 
in his arguments jn favour of regarding sol sedativuni as an acid stated: “The 
ueid of borax attack.s metals with dillieiilty.*’ Tissier, and if. Bose found calcium 
hydroxide dissolvi's in*a boiling coiK' soln. of boric acid; cElcium and barium car¬ 
bonates do not disHolvo; liydratcd msgnesium Carbonate dksolves iluickly; the 
anhydrous carbonate docs not dissolve; and caicirasl magnesium OXide slowly; 
ferrous hydroxide dissolves, and if air i)c present, ferric hydroxide i.s precipitated; 
manganous hydroxide dissolves ami remains in .soln. on (‘vpo.siire to air; and zinc 
oxide, aluminium hydroxide or oxide and ferric oxide dissolve in the .soln. 
P. (leorgievie found that the browmsh-rrd rolour of ferric chloride in acetate soln., 
or the violet cfdour of ferric chloride in plimiol soln. is disi liarged )>v boric acid. 
M. IVrthelot said that bnrie arid converts potassium chromate to the dieliromate, 
but !^ Sabatier lomid verv little action. Wfien boiic acid is heatcfl with ammonium 
fluosiiicate, K stolba found ammoninm borolluoride is fonmsl U. Kahlenb<>rg and 
W. J. Trautmandhl not.Huee(‘ed in reducing boric o.\'id»‘ by silicon. The lendenc) 
<»f boric oxide or acid to fo’^m comple.xcs'i.s wcl! illustrated bv its compounds with 
inorgana* acids aa well us bv the rorrespondiug salts: e. 7 ., boropliospliates, boro- 
arsemtes, borotnngstate.s, boromolylidates, and borovanadate« if r. 
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§ 9, The Alkali and Ammonium Borates 


A. C. Ri-uchle* pK-pan-d lithium orthodihydroborat^ LiH.,B 03 . 7 H. 0 , by mixinR 
aq. soJn. of boric acid, and of lithium oxide made by iRiiitinR the nitrate hydroRcn, 
and evaporating to crystallization in a vacuum. It.forms thin, liexagonal taliN, 
which are described in detail in the jiaiier, together with the method of analyaia. 
The watgf of crystallization is lo.st at 110", the remainder at 160°. H. le f'hatelier 
prepared triclinic plates of anhydrous lithium metaborates or diborate, LioO.BaOj, 
or LiBOo, by melting boric oxide with the calculated quantity of lithium carbonate ; 
and A.C. Reischle by adding an alcoholic .soln. of boric acid to a soln. of lithium metal 
in absolute alcohol. The whiO' crystals obtained by the latter process contain 
alcohol of crystallization which is not removed in vacuo, but is expelled by gentle 
heat. H. S. van Kloostsw gave 81.1° for I be m.p. of lithium inelaborate. G. Tamtnann 
found that the heat of .soln. of the metahorate glass in .V-If('l is 2b!1 cals, per gram, 
ami of the crystals, 2(I3 cals, per gram. Hence the heat of crystallization is .'■|6 
cals, jier gram. 

G. B. Bloxam found that at a bright red heat, a mol of boric acid expels 2'5 mols 
of carbon dioxide from 1 to ,5 mols of lithium carbonats'. G. Riband studied the 
f.p. curves of the binary sysUmi Bi«0—B 20 ;| and found a maximum corresponding 
with lithium metabora^ iaBO. 2 , fusing at 810°, and one corrcspomling with lithium 
tetrabofata, BGO.IBjO,,, fusing at tKKi". By applying the pha.se rule to the lithium 
boratesinaq.soln.,11.DukelskystudiedthetsTnaryaystem: la.d) -IBOj ll.dl.atlgl". 


The region of stability of the solid Li 0 / \ / 

phase IjiGH.H.jO is r(‘pre.senled in , SOm/ -V-V-V—) 

Fig. 13 by the area ahLiOH.llJ); 7\ / 

thepha.se LiOo.BjOs.lOlW) by the -K 6oL _ V V V V 

area licM; the region of stability , ' ' ' ' /' /' Z' 

of the phase Li 20 . 2 B 203 .«H 20 was 
not clearly established ; the phase 
Bi.) 0 .B 2 O 3 . 10 H 2 O, by the area deP; ,0 M 

and of bone acid, B(C)H) 3 , by the 
area/p/t. 

H. le Chatclier prepared octo- 

hydrated lithium metaborate, un/ i .. \/ 

Li 20 .B 20 .,. 16 H 20 , or LiBOj.SHjO, 

by crystallization of a .soln. of the 0 10 20 30 ^ 50 ■ 60 BA 

cake obtained by melting 2 mols j,,,,, , 3 . K<|uilil,riu.n in tlie Ter, airy Syslein, ' 

of lithium hydroxide with one of ]a,() - U,Oj-H,0, at 30". 

tioric oxide, or by crj'stallization. 

in vacuo of an aq. soln. of lithium hydroxide free from carbon dioxide and 1 to 3 mols 
of boric acid. The region of stability is shown in Fig. 13. The trigonal crystals were 
found by P. Termier to have the axial ratio a : c=l : 01)44, and a—Sl" O'; and the 



sp. gr. 1'38 ; H. le Chatolier found the sp. gr. to be 1'3!)7 at 14’7", and the ni.ii. 47°. 
The crystals slowly effloresce in air; and, according to A. C. Reischle, they lose 7 
mols of water at 114", and the rt'maining mol at 160". The heat of formation is 
B203TOi„.+2Li0Hsoto.=18’6 Cals.; the heat of hydzatiun is 43'4 Cals. ;,tbe heat 
of soln., —28'4 Cals. The crystals have a positive double refraction. , A. HosenheiA 
and W. Reglin found that the solubility coeft. is positive, and the depression of the 
f .p. of soln. is normal. They gave for the solubility of the salt (grams per 100 grms. 
of soln.) 0'89 at 0" ; 3'42 at 25-6°; 9-42 at 33'8"; and 14'7 at 44-8"; while H. le 
Chatelier gave 070 at 0°; I'Ol at 15°; 37 at 27-5"; 5’28 at 31-5°; 91 at 37-5° ; 
14’3 at 43°; and 20 0 at 45°. The last number is considered to be too high. 
F. M. Jaget found for the anhydrous salt the surface tension in ergs per sq. cm., 
261-8 at 879-2°, and 192 4 at 1520°.^ The salt melts 845°. G. Ribaud.gsve 840°. 
for the m.p. F. M. Jager found the salt begins to give off yipour at about 12<X)°, 
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and that the vapour ia alkaline. The volatilization of lithium oxide ia fairly rapid 
at 1.KXC. 

In IHI8, A. Arfvcdeoii 2 boiled an aq. soln. of boric acid with an excess of 
lithium carbonate, and when the evolution of carbon dioxide had ceased, he filtered 
the clear IJquid from the excess of carbonate, and obtained on evaporation a syrupy 
liquid which when rubbed up with alcohol a number of times, furnished a white 
crystalline |iowder. C. G, Gmelin obtained this salt in the form of a transparent 
preen mass ; and M, Dukelsky could obtain only a colloidal form ^rom aq. 
sriln, F. Filsinger's analysis agrees with pentahydnted litbioin tetraborate, 
I/i20.2B.i(t|..'iH.^0, or Li 2 B 407 . 5 H 20 . M. Dukclsky’s study showed that such a 
borate is formed in aq. soln., but he did not establish its composition, not locate the 
course of the eiirve Ivtween c and d, Fig. 13. J. A. Arfvcdson’s crystals were said to 
have an alkaline taste and reaction ; and to be soluble in water F. Filsinget said 
that't.wO'fifth.s of the water are lost at 200'': to swell up and lose their water of crystal¬ 
lization when heated, and ultimatoly to {iwe to a transparent glass. F Filsinget 
obtained what he regpnlcd as hexahydrated lithinmhexaborate, LiB 305 . 3 H. 0 , or 
LiaO.;)B 203 .(>ir. 4 O, by crystallization from a soln. prepared like the tetraborate, 
ftnd with an amount of boric acid. The salt was found to behave like 
the preceding salt when heated; to bo readily soluble in water, and insoluble in 
alcohoj and ether. M. Dukelsky did not find the salt in his exploration 
decahydrated Uthium decaborate, LiBsOs.SHjO, or 
JajO.,)B 303 . 1 oH, 30 , stable in the region iieP,Fig. 13. H. leChatelier obtained insoluble 
prismatic crystals of what he, regarded as Uthium octoborate, LiaO.dBoOa.fBHoO), 
or Li 2 B 80 ,;|.t«H,, 0 ), by extracting with water the cold cake obtained by the fusion 
of a mill of lithium carboiiat.’, with six iiiqIs of boric oxide. M. Dukelsky did not 
find this salt in his study of the stable phases in aq. soln. at 30°. A. C. Beischle 
suggested that some of these borates are mixtures with carbonate. J. A. Ajfvedson, 
0. L. Bloxain, h. Mallard, and H. Rose jneasqred the amount of gas eipeUed from 
soiliiini carbonate when fmed with a mol of boric acid, from which it appears that 
at a du 1 red heat, a mol of bone oxide drives off a mol of carbon dioxide from 1-2 to 
3 1 Iiiols of sodium carbonate; and at a bright red heat, l li to 2'3 mols of carbon 

X , u / " C. L. Bloxain also measured 

thi a 1 mint of waPn- expelled when sodium hydroxide ia fused with boric acid, and 
^iiiid that a mol of boric oxide can displace 3 mols of water from the fused hydroxide 

“ '^‘dence of the fofmation of the basie sodium 
grates . ,tNa 30 . 2 B 3 ( 1 , was given by J. A. ArfVedson, and H. Rose; SNajO 3B,^ 
by C L. Blo.xam; and SNajO.B^Oa, by C. L. Bloxam and E. Mallard, 
obteiom *!>« binary system with borax and boric oxide, and 

m n formation of sodium hexaborate, NajO.SBjOj, or Na,B80,„ 

m p. 694 , and of sodium octoborate, NajO.IBjOj, or NaAO,., mm. 783°. Thew 
sslte form mixed cryatala with^ach other and with boric oxide.^ M. Dukelsky 

studied the eq. conditions 111 the ternary system; NsjO-BjOs—H.O at 30° aM 
n«oh“i^1)T„ ‘“-1 ^ ^ phi^ 

JNaOH.HjO in eq. with the soln.; the line be, with the metastable nhase 

thlThl^ nToB Na30.B3Q,.4H30; the line^ 

^ tKa^ lh! OM a tok.o“ “uti: Na 20 . 2 B 20 ,.ieH 20 ; the line 

e IT ; and the lineyjr, the phase BfOH).. 

U. Shorgi ^nd P Mecacci also investigated the same ternary system at 60° 

H*n monohydratod tettutXm dibontei 

N^O.BjGs.HjO, with the region cOd and extending as an unstable phase al^ the 
dotod curve dm; the pentahydrate Na,0.2Bi,(^,6Hs0 also appeal in the region 

NaOEHsO-Noi; and 

‘w^aVeO”’ ^ “ Na 3 O.BA. 8 H 3 p and Na 30 . 2 B 305 IOH 3 O do not 
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J. J. Berzelius, and 6 . H. Wnnder made anhjrdtous sodinm metobonte or 
diborate, NajO'.BjgOg, or BaBOg, by heating a mixture of equi-molar parts of sodium 
carbonate and borax. According to A. Stromeyer, by mixing alcoholic soln. of 
sodium hydroxide and boric acid, crystals of borax and a viscid liquid arc produc'd ; 
the latter furnishes crystals of anhydrous sodium borate after standing^^mc time. 
M. Aschkenasy prepared the metaborate by adding powdered crystalline bora® to 
a cone. soln. of sodium hydroxide and drying the solid in vacuo at a modorabi 
temp. Motylewsky found the drop-weight of the molten salt to be 229, when 
that of water at 0 ° is lOO mgrms. F. M. .lager, and It. larnmz and W. llcrz gave 



Fio. 14.—Ternary System, Fm. 16. - Kquilil.rnmi Conditiona in Urn 

NhjO BjOj—H, 0, fbt 00® • Tenuiry Systoiii, NfVgO -B/).,- flgO, atJlO®. 


112 3 for the surface tension of sodium metaborate in ergs pet sq. cm. at its b.p., 
and 2t)l l at its m.p. H. S. van KJoostcr, and F. M. Jiiger gave 966" for the m.p. 
of sodium metalmrate. The latter found vaporization begins at 1230", and Is 
rapid at 1350°. R. Bcnedikt prepared crystals of tetrahydrated sodium diborate, 
NaB 02 . 2 H.,j 0 , or NaaO.BjOj.lHoO, by fusing a mol of thc-metalxirate with two 
mols of sodium hydroxide, and allowing the aq. soln. to crystallize. M. Dukelsky 
showed the zone of stability of this salt to be Itr.il, Fig. Hi; R. Bimedikt 
prepared this salt by melting the higher hydrate in its water of crystallizatio'h, 
and drying the needle-like cry.stals in vacuo ; and also by evaporating a soln. of 
borax with an excess of sodium hydroxide to a syrupy liquid, and allowing 
the product to crystallize. A. Rosenheim and F. Ijcyser confirmed M. Dukelsky’s 
work as to the existence of the three salts, Na^O : B./)} : H 20 =l : 1 :8 ; 1 : 2 : 10 ; 
and 1:5:10. A. Atterberg claimed to have made prismatic crystals of the 
two hydrates, Na 20 .B 203 . 4 ' 5 H 20 and Na 20 .B 20 j,. 5 ' 5 H 20 , but there is no 
evidence that these products are not partially dehydrated octohydrates, or 
imperfectly dried tetrahydrates. Similar remarks also apply to J. J. Berzelius’ 
hexahydratc, Na 2 O.B 2 O 3 . 6 H 2 O, which he claimed to have made as a confused 
mass of crystals, by melting the octohydrate in its own water of crystsdliza- 
tion, and cooling the product to 0°. B. Bechi found a salt of a similar 
composition as an incrustation at the boric acid lagoons of Tuscany. Accord¬ 
ing to J. J. Berzelius, an aq. soln. of the metaborata in hot water yjelds when 
skwly cooled in a covered vessel, large oblique rhombic prisms of ooiohydnbsd • 
Mdinm dibonita, Na 2 O.B 2 Oi. 8 H 2 O, or N 8 BO 2 . 4 H 2 O. H. Hahn believed the crystals 
to be monoclinic; R. Benedikt, triclinic. 0. F. Rammelsberg also made some 
observations on these crystals. M. Dukelsky represented the region of stability 
of this hydrate at 30° by the area ciO, Fig. 16. R. Benedikt also made cmtals of 
the same salt by concentrating a boiling soln. of equi-molar proportions of sodium 
hydroxide and Iwtax to a thin syrup, and leaving it to crystalUze over cone, sbiphuric 
mM. According to J. J. Berzelius, the crystals melt at 67° in their water of crystal¬ 
lization and on cooling, crystals of *a lower hydrate are filmed; when heated to 
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« still hieher temp., the salt tumefies, forming a frothy mass, and at a still higher 
temp. R. Benedilct obtained a clear glass. The dehydrated salt rapidly absorbs 
carbon dioxide from the air, and is gradually converted into a mature of borax 
and sodium cartwnate. The same change occurs when the soln. is exposed to air, 
but when V-boili'd the earljon dioxide is gradually expelled. H. S. van Klooster 
fosnd that with lithium metaborate, melting at 843°, and about 42 molar per cent, 
of soilium metaborate, melting at 960°, there is a eutectic at 648°. H. V. Regnault 
found the sp. ht. U> be 0'2r)71 lictwecn 17° and 97°. .T, Thomsen’s observiitions on 
the neutralization of tmric acid with sodium hydroxide (vide boric acid) show that 
the heat developed is proportional to the quantity of alkali until the ratio Na; B=1:1 
is attained, the heat developed then becomes small possibly owing to hydrolysis. 
L. Kahlcnberg and 0. Schreiner's and H. 8. Shelton’s measurements of the electrical 
conductivity and f.p. of soln. of sodium metaburatc show that polyborates are 
jirobably formed. 1’. Walibm measured the clectricabconductivity, A, of a soln. 
containing a mol Of sodium mi'taborate in u litres of water at 25°, and obtained 

,1 . . . 112 (14 12» 20(1 ,'il2 1024 

A . . . 7a':l • 77'S Sl'4 H4':! sou 8U-1 

and from the diilerenee A,,,.,,—he showed that metaborie, acid is dibasic, although 
hvalrolysis interferes wirti the a])plication of Ostwald’s rule. Aq. soln. of sodium 
metaborate react feiddy alkalini', owing to hydrolysis—rude iti/m. I,. Kahlenberg 
also said that the soln. contains but few hydroxyl-ions. E. I’olenske obtained 
crystuls of sodium metaborate with alcohol of crystallization, KajO.BjO^.bCHsOH, 
in the n'sidui' obtained by distilling borax with methyl alcohol. 

The mineral linM or littciU or crude homx was described by 6. Agricola, and 
by J. 0, Wallerius. It was originally broujilit to Europe from a salt lake in Tibet, 
whem it oeeurs in the deposits from several lakes, and at I’ugatal (Rupschn), there 
is a deposit about a metre thick containing sulphur, borax, sodium chloride, 
ammonium chloride, and magnesium iftid alhminium sulphates. The Thibetan 
de|H)8its have beim described by R. Saunders, and H. von Sehlagintweit. The 
former described the.extraction of tincal from the borax lake of Thibet. This 
lakeds 2(t mill's in circumference, anti is fed by springs and not by rivers and 
streams. It is f(nzen over for the greater ])urt of the year. The, tincal is deposited 
iif the bed of the lake, aud collected in the summer months from the shallowed 
depths and near the bunk. Rock salt is also found in* the deeper jiarts, but not in 
the shallows and borders. The cavities made by digging out the tincal soon fill 
up again. The following is from H. Void's analysis of tincal from Tibet: 

n,liO, Sa,() K,l) Cal) Mso 810, 11,0 Cl HjSO, Simfl, i'll'. 

aU'SU 16-48 0-013 0-24 O'10 O'O.'i WIW O'17 0'22 0'78 

In mldition, alumina, O llttld, and ferric oxide, tl'(X)68 per cent., with traces of manga¬ 
nese oxide, and carbon dioxide arc found. The salt was originally purified in Holland, 
and France, and at Venice —hence the name horax veneta. Ordinary borax is dooa- 
hydrated sodium tetraborate, Na^BjOj.lOHjO, or Na 20 . 2 B 203 . 1 ()H 20 ; and it is 
also tailed Mxliitm hibi>rttte or ditrorate. Borax also occurs at Viquintizoa and Escape 
in Peru; in the Sirdiiin stepiie, Persia (H. Winklehner); at Halberstadt in Tran¬ 
sylvania (.1 D. Dana); in the Sambhar Bake, India; Kertsch and 'Baman (Russia) 
(W. 8. I^anadsky and S. P.'Popoff); and in Ceylon (J. B. Blum); near the sofSoni 
• of*Tu8cany (E. jfechi), but 0. d'Achiardi found only traces of sodium in Bechi’s 
samples at Pisa, at Chambly, and 8t. Ours in East Canada; in Borax Lake, in 
California, etc. The crude borax can be purified from earthy and fatty matters, 
sodium chloride, sodium sulphate, calcium borate, etc., by digestion with water, 
filtration, and crystallization. R. von Wagner removed the fatty matters by 
washing with a 5 per cent. soln. of sodium or calcium hydroxide ; and M. Clouet, 
by calcination with 10 per cent, of sodium nitrate. A. Payen, G. Lunge, P. J. Bobi- 
quet and B. L. Marchand, and E. Durand have also described processes for 
purifying borax. * 
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Before 187(J, European borax was made by mixing a soln. of boric acid with the 
proper projwrtibns of sodium carbonate, sodium hydroxide, or sulphide as described 
by F. Witting, F. Jean, A, Payen, or 0. Kohnke. The range of stability of the 
salt at 30® is shown in Fig. 15, and at 60®, in Fig. 14. Borax crystallizes best when 
about an excesa of 5 parts of soda crystals per 100 parts of borax is present —if the 
excess be too great, metaborate, NaBO^AH^O, will be formed. If the* hot liqyid 
be to (one., octahedral borax, Na 2 B 407 . 10 Ho 0 , will f)e formed. The best crystals 
are produced by very slowly cooling the hot soln. of tiie correct sp. gr. in largo vate. 
Finely powdered borax is produced from the detritus of lK»rax cryslals, or by agitat¬ 
ing the crystallizing lujuul in small vats. Other processes have is en suggested for 
converting boric acid into borax. For c.xample. (1. ljungo proposed fusing Oic boric 
acid with soda ash, digesting the product witli water, and crystallizing tno soln. 
Th(* ammonium sulphate in Tuscany can Ix^ recovered as anuiionium carbonate. 
H. N. Warren, and N. Tatevuggested fusing the boric acid with sodium chloride— 
hydrogen chloride is a by-product. Heating the boric acid with, .sodium sulphaUi 
has also been tried. 

The crude borax from the tincal beds, or salt marshes— f\(j. Saline Valley, Inyo 
Co., Cal.—contains sand, sodium sulphate. earbonaU', •or chloride, admixed 
with 10-4)0 p<‘r cent, of borax. The process of juiritu^ation is simph'. It has been 
discussed by E. L. Fleming, C. N. Hake, etc. The surface t-o aMepth of 18 ins. is mixed 
with boiliitg water in largi* iron |)ans. Tli(‘ clear liquor is run from th(* sedimmit into 
iron vats when tlie borax crystallizes out first; the motlier liquor is cone, and again 
allowed to crystallize, after which it is allow(‘d to run to wasU*. The borax in the 
waters of S(’arK;'s Lake, San Bernardino, Cal., is extracted by U. P. Burnham's 
process of fractional crystallization at jlitTerent eonc. and temp, so that the salts 
‘arc separately deposited in ditferent ponds. According to L. W. Chapman : 

la Biimham's process several ponds are provided and the potash U inoUe t)y naming tho 
hiino inlosliallow ponds during tim buiiwimt djiys, tiien into d»'vp ponds at night m order lo 
retain the lieut. By continuing tho process, tho evaporation is maintained vmtil tlio ljrin(» 
becomes sat. uitli KCl. At tins point, tlu' hi mo is circulated l>elween two sliallow ponds, 
and, on cooling at night, the pota.s-smin chlori<lo ciystalliz^'.s out in one pond, and during 
the day further ovaporution of the sodium chloride eryslalhzi's out in the otlier. Borax 
is made by running the hrino into hHuIIow pomis at night during tho uintor to cool, HoJuim 
sulphuU^ iukI sodium <‘arl)onato U'lng deposite<i. When the brine is cofllost, in tho early 
morning, it is mn into doop ponds, wliero tho temp, is muintuinod for several days, tl^ 
borax gradually crystallizing out. 

Borax is derived from colemanik* of Death Valley and at Lang, near Los Angeles ; 
from pandermite of Asia Minor; and from boronatroealcitiq ulexite, tiza, or cotton 
halls of Peru and Chili—Provincic of Atacama, and As(X)tan, Maricunga, and Copiapo. 
Ihe process for the (‘xtraction of l>orax from boronatrocalcltiq and colemanite has 
been doscrilK'd by F. Witting, A. Kelly and H. B. K. Walker, F. M. Dupont, A. Camp¬ 
bell, L. Darapsky, A. Robottom, N. Grager, etc. * The manufacture involves four 
oiierations : (i) Boiling the ore with a soln. of sodium carbonab;; (ii) lixiviating the 
filter-pre.ss mud to remove entrained borax ; (iii) crystallizing the li(|aor; and 
(iv) working up the mother liquor from the crystallizing vats, * 

There are immy modifications in detail iii tho different procossoe of extraction. In 
general, the crushed ore is powdered, end sifted. It is then^transforred from th^^storago 
bins to ^e decomposing vate, where it is mixed with the motlier liquid from tho c^stalliziqg 
'kh* '''“b***. The right proportions of sodium carbonate and hydrocarhonato are added, 
ana steam » introduced. After boiling for some time, the liquor is purnjiod through filter 
pixsMes, end the clear liquor is run to the crystallizing vats with or without an intermediate 
^tllmg vat. The mud from the filter praises is cleaned out. Tho crystallizing vats are 
ea wii h vertical iron rods hanging from bare. Tho rods aro sus[>ended in tho liquor about 
ms. aiHirt. In about 8 ^ys, tho liquor is syplioiioil off, and tho crystals are washed, 
foken from the rods and sides of the tank, dri^, and granulated or iKiwdered. 

pandermite, the powdered mineral, with the liquor, and aodiuqj carbonate 
*a boded over-night in closed vessels ht about (iO lbs. pressure ; pandermite is also* 
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decomposed by hcatiDg it with a soln. of sodium carbonate in autoclaves. The 
calcium borate furnishes a soluble basic sodium borate which is afterwards mixed 
with enough boric acid to produce borax. 

• C. J. Schrfiter converted tlie natural calcium borate into sodium tetraborate by 

mixing it >vlh lime, and docomj)o»ing the product with sodium sulphate; E. Bresel and 
J.*Lennh<>f nnxed the eakiiun,lx>rute with sodium chloride and ammonium borate, and 
<ligosted the itiutw undm- press, with ammonia at 12*, when the sodium borate is precipi¬ 
tated; <n' they digtjsted the mineral with ammonium tetraborate, sodium chloride and 
Bulfdmte. U. Sborgi and C. Franco have studied the conditions which favour thfl right side 
of the system (NH 4 ),H 4 (), f2NaCMNa^B«0,-f 2NH,C1. C. Masson and C. Tilliire pro¬ 
pos'd digesting the mineral with a soln. of ammonium hydrocarbonate or sulphate at 60* in 
un autoduve at 2 atrn. |)reMa. A. A. Kelly and B. D. Jones calcined the ore with alkali and 
treated Tlie iinxture with water and carbon dioxide at atm. or an increased press. The 
alkali Imrate was ery«ta!li/.od l)y concentrating the aq. soln. K. Harding and B. D. Jones 
treated the boron mineral colemanite, boracite, ule^cite, etc - with nitre cake and sul¬ 
phuric acid. H. Kiekmann and K. Uappo treateii the calckim borate with sodium hydro- 

M ““.'iT,'’ + A. Schustei and 

i!t' ''•‘'“’"’'y treated lioronutrocalcito with fluorine, hydrofluoric acid, or a fluoride* 
u,Cajn.(>,j-t-4111' 2«aF,-f NaJB 40 ,•■|- 2 BJ 03 ^- 2 ^^,(); and they also proposed fusing the 
native borate with riodiuni hydrophosphate: 3 CaB 40 .^- 2 ^^UJ^ 04 =Ca 3 (P 04 ),-l- 3 NaJB 40 ^. 

h. SfliwciztT ^ stated that if a soln. of borax lx* evaporated on a water-bath at 
90 , an aniorphouH nuwsnvith 2G fl per cent, of wati*r corresponding with lelrahidrated 
mhum tdmlmate, NuahiOy.-IH.O, is formed. There is no particular reawn for 
assuming tliat tins ])artially dehydrated ])roduct is a chemical individual The 
observations and analyses of J. J. Berzelius, A. Stromeyer, 0. F. Rammeisbere 
J. J hlielmen, -I. Tunnermann, J. C. (J. de Marignac, H. Itese. P. Bolley. T. J. Hera- 
path A. Laurent, and Tissiershow that if borax soln. bo crystallized below 60®-62® 
decahydrated sodium tetraborate, Na.uytj.lOH.O, is forniod, but if over that 
Uunp., pentahydrated sodium tetraborate, Na^B^Oj.DH^O, appears. J. Ponomarev 
neasurpl the iii.p. of fu.sed imxtures of borax and boron trioxide and found evidence 
dfc forma ,on of sodium hexatorate,*Na.B;o,„, m.p. fi94», and of sodium octo- 
teiat^ NiuIWlia imp. 783 . fhere is a eoiitinuou.s series of solid soln. rangina 
fmm Na.! ,0, t„ Na;B„0,3. K. SoulHurun and F. A. Pellerin first reiwrfe'd crystals 
of tJie pentahydrate ; its range of .stability at 60" is shown in Fig. U. According to 

lit ordinal) or at ilevuted Umip., the pentahydrata is formed. The supersat. soln 
11 1 be made by dwolvmg f.lins! parts of the ordinary decahydrate in 4 parts of warm 
tT^dnr' ' n with tlie eontants protected from 

1 l ist b-’t^k- ; " ■ T’ "■ i™" i'“ but in the latter case, care 

must b. taken t.iat undissolved particles of the decahydrate are not present 

t enough borax to form a soln. of 

’ ? '‘’"''"I?- 9^“ pentahydrate begins to separate at 79", and continues 
tab 1 , Wow this tamp, the ori^nary decahydrate is toicd; on the other hand 

a Wii. of sp.gr. l lj gives nothing but the ordinary deeahydrata. T W Richards 

O^v' “ '’““I **n>P- >;«uW not be located'very pre- 

Wow Cr^utTf' P''“‘“M™te, even when Lied 

e ii A 1 ’ “ this ■statement. C. Tomlinson taund the under- 

a!SthTf “ TT:'^ 1 E. M. van Waiener sSowtd 

' We w!J 62"tn'l “fi pentahydrate can be obtained side by 

Thl ..1®? ’ 1 J Mystulluwe from soln. above this temp. . 

^ deriW * r ^ Stronger, jwlyboric acids which, according to J. Bfieseken,' must 
be derivatives of qumquevalent Imron ; and he writes the formula of borax: 

0 O-B-0, ,0 

)b( q 

. • hv '0—B—^Xa 

but the direct union of^dium to boron in borax is not probable. Anhydrous borax 
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onns a clear brittle glasa—boro* glass ; but, accoKfmg to 0. H. Burgees and A. Holt, 

(borax glass be kept some hours at a temp, at which a viscid syrup is formed, small 
lolourless needle-like crystals are formed. The crystals of borax were described by 
3. P. Naumann in 1829, and by A. Uvy in 1837. The cr 3 f 8 tals of the decahydrate 
ire monoclinic prbms, with axial ratios, according to C. F. Rammelsberg, a:h:e 
=r0995 :1:0'5629, and j8=106° 35'. Measurements were also made by H. Hahn, 

I. de Sbnarmont, and by M. S. Miguel and M. de J. Niranjo y Vega. A. Payen said 
that the crystals of the pentahydrate are octahedral, and hence the salt is often called 
octahedral borax, but this is a misnomer, since the crystals were shown by A. Arzruni 
to be hexagonal rhombohedrons belonging to the trigonal system, with the axial ' 
ratio o:c=l: 1'87, and o--72“ 2'. 0. Briigelinann reporU'd mixed crystals with 
Sodium chlorate and borax containing 8919 per cent. NaOlOj, I'? per cent. Nh 2 B 40 j, 
Imd 611 per cent, of water, but 0. Lehmann showed that the two salts orystalliai 
from the mixed soln. side ^ side. H. Baumbauer studied the analogies between 
the crystal forms of borax and diopside, and the corrosion figures ; M. Kuhara 
investigated the percussion figures of Borax. The specific gravity of anhydrous 
borax was stated by E. Filhol to be 2'367 ; by P. A. Favre add (3. A. Valson, 2’371 
at 20°; by P. P. Bedson and W. C. Williams, 2'3C8 iit 16“, and 2 373 at 18'5“; 

G. Quincke gave 2'5 for the sp. gr. of borax glass; A. Payen gave l'81f> for the sp. gr. 
of the pentahydrate, and for the decahydrate, 1 '74; K. Boyle gave 1 '714 ; U. Kirwan 
obtained a similar result for the decahydrate ; while B. Watson gave, 1757 ; 

J. H. Hassenfratz, 1'723 ; L. Playfair and J. P. Joule, l'73Uat3'9°; li. Filhol, 1'692 ; 

H. J. Biiignet, 1'692; F. Stolba, l'7156at 17° ; P. A. Favre and (3. A. Valson, 1711 at 
20‘; W. (3. Smith, 1'736; and J. Dewar, 1'694 at 17°, and 1'72H at —188 '. Thi 
*p. gr. of aq. soln. with 2 08, 2'44, and 3'65 per cent, of N 02 B 4 O, were found by 
P. P. Bedson and W. C. Willianus to be respectively 1'0185,10211, and 10331 at 20 ’; 
F. Forster found for 1'34 and 2'05 per cent, soln., 1'0105 and 1'0247 re.sppctively 
at 25°. G. T. Gerlach gave for the soln. at 15°; 

Per cent, decahydrate . . U'628H 1 0576 1'58(I4 2 1162 2 0130 3 1727 

vSp.gr. 1 0040 1 0090 1 0149 1 0190 1 0249 1 0209 

F. Stolba found a soln. sat. at 17° had a sp. gr. 10208, and U. G. Gr('enish.and 

F. A. U. Smith 1'020 at 16'5°. Measurements were also made by F. Fouque, and by 
A. Michel and L. Krafft. The hardness of the dccahydrati" is 2 (>-2'5 on Molls’ 
scale, and A. Payen said tlmt the pentahydrate is harder than the decahydrate. 

G. Quincke gave for the surface tension of fused borax at 10<30°, 211 '9 dynes per cm., 
and for the specific cohesion, uii—17 28 per sq. mm. 

Borax glass beiximes opaque on exposure to air, owing to the absorption of 
moisture ; indeed, H. V. Blucher found that after powdered borax glass bad been 
, exposed for a few months to air, it was completely converted into the decahydrate ; 

I but C. H. Burgess and A. Holt found that the need|e-like crystals of anhydrous borax 
; are non-hygroscopic. 

The decahydrate effloresces superficially in dry air, and becomes opaque ; the 
crystals of the pentahydrate were found by A. Payen to absorb water and beuome 
opaque; while D. Gernez found that they remain transparent even in air sat. with 
moisture, if dust is excluded, but in ordinary atm. air, they become white and some 
decahydrate is formed. The decahydrate decrepita^a lyhcn heated, but, ascording 
to A. Payen, the pentahydrate does not. A. Atterberg found that when,*the deca¬ 
hydrate is heated to 80°, it loses four-fifths of its water, and at 100 ° more water is 
continuously given off, and all is lost at 200 °; the pentahydrate was found by 
D. Gemez to lose part of ite water at 57°. When the decahydrate is heated, it 
tumefies, swelbn^ up to a spongy mass called borax usta, or cakined borax ; at a 
higher temp, this runs together, forming a cleat colourless glass—borax glass. 
V. Meyer and W. Riddle said that the mdt&lg point of borax glass is 878°; ‘T. Car- 
nelley, 661°; J. Ponomarey, 730°; and A. L. Day and co-wotker8,,74r. The 
glass, of course, has not a true ift.p., it gradually softens on a rising temp.J 
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H. Burgess and A, Holt found thd crystals of the anhydrous salt melt at a 
higher temp, than the glass. 

Borax is lost by volatilization during calcination; the proportion lost depends 
on the magnitude of the exjtosed surface, and the duration of the heating; thus 
s. Wulbott found, by heating 0'C532 grm. of borax glass in a crucible over a gas- 
blowpiiie llame : 

’Time . . 6 ’ 12 22 '29 39 44 46 mins. 

Loss . .0-8 1 9 2 0 2-5 3-3 4 1 4 2 per cent. 

and E. Cramer found at about 12(X)°; 


Time. 3 26 48 60 hra. 

Loh# . 1-47 7’88 22'40 48'98 per cent. 

T. H. Norton and D. M. Itoth naid that in the hotteat part of a Bunsen’s flame, 
HO<liuin chloride volatilizes lf)‘r»4 tiines as fast as borax*' H. Lescoeur measured the 
vapour pressure uf th(> hydrutf^s of sodium tetraborate, and obtained indications of 
the formation of a di-, penta-, and a d(‘ca-hydrate. E. Lowenstein made some 
remarks on this suhjeef. K. Jiinerke also claimed to have formed dihydratedsodium 
tetraborate, NU 2 H 4 O 7 . 2 M 2 O, hy conijiressing the pentahydratc which melts under the 
operation. 

According to 0. Tanfmunn, the lowering of the vap. press, of aq. soln. of 5*78, 
ll)*()7, and fAY'l'l gnus, of borax, Na 2 B 4 f) 7 , [ler KM) grins, of water arc n'spectively 
13*5, .'12*4, and (I.T2 mm. 0. T. (Jerlacli mea.sured the boiling point of soln. contain¬ 
ing fi grnm. of Na 2 B 4()7 gnas. of wiiKt, and found : 


if ■ ■ . . H-r»i 17-2 2i>-r» 37 r> 4s-5 oi-2 mi-s ii2'3 

».|». . . . loo-.l® lOl^ 102“ 102-5“ 103“ 104-0“ 104-0“ 


The soln. Iniiling at 103''’ is sat., tliose Imiliiig at a higher temj). are supersaturated. 
T. OrilHths placed the b.p. of a sat. soln. at 105®. L. Kahlenberg and 0. St^ireiner, 
and H. 8 . Shf'lton measured tlie lowermg'of the*lreezing point of a<j. soln. of borax, 
and found with 0'012r), 0 02')0, OorMH). and O'l(MM) mol of borax per litre, a 
tnol. depn-Hsion respei-tively of lO’G"', 0‘7’, H-O”, uml 7*2'’. The high values in tiu' 
mory dil. soln. are taken to show that the mol dis.soeiates as .symbolizerl by : 
Na2B4()7 I HaO-i 2Na*-F2BO:iM-2HBO.. 

• H. \. Ib'gnauit gave 0*2382 for the specific heat of borax glass bt'twef'n 16® and 
1)8'^’, and il. Kopp, 0*229 between 17® and 47®; the IutU*r also gave i)'385 for the sp, 
ht. of the deeuhydratt' between 19’ and 50". M. Berthelot gave 74*81 Cals, for the 
heat of (onnation of the anhydrous salt from its elmueiits ; W. G. Mixter gave for 
3NajiO-f B^Ou— 2 NaaB 03 fl04'2 Cals, K. A. Favre ami (J. A. Valson found 10*2 
Cals, for heat ol solution of the anhydrous salt; anti —23‘9 Cats, for the decahydrate; 
J. riioniHt'i) found —25-9 (Vils. for the heat of soln. of a mol of the decahydrate in 
16(K) mols of waK r. lienee, the (leat o! hydration is 34*1 Cals. 

Th<‘ nfractive index of isotropic borax glass was found by P. P. Bedson and 
W. C. Wiliiams to be 1*5216 for the Ua-line ; 1'5147 for the Na-line ; and 1*5139 for 
the Jlju-line. H. Duh-t gave for crystals of the deeahyilrate : 


>’•11111' 

ri-lino 

Nu-nni' 

r-llm* 


. 1-4517 

■ 1-4401 

1-4407 

l-444.y 

1-4441 

1-4750 

1-4719 

1-4094 

1-4009 

1-400.5 

. 1-4778 

1-4778 

1-4724 

1 4099 

1-4095 


Measurements have also been made by D. Brewster, A. des Oloizeaux, S'. Kohl- 
rausch, and G. Tsehermak. The crystals of the pentahydrate have a positive 
double retractioni that of the decahydrate is negative. According to H. de S^nar- 
mont, the decuhydrah> shows a well-defined dispersion croisee. J. H. Gladstone and 
W. Hibbert found the molecular retraction of fused borax to be 42*80 for the 
and 42 83 in sat. soln. F. ForsK'r gave 0*1663 for the specific refraction. A. Schrauf 
^udied the absorption of vibrations in difierent directions in the crystals of borax, 



BORON 


73 


H. Muischhauser found that the specific fotatidn of soln. of glucose and borax 
decreased as the cone, of the soln. increased. 

C. Doelter found the crystals to be fairly transparent to X-ntys, being aliout the 
same as corundum, and less than boric acid. A sample of borax from Mono Lake 
was found by C. Baskerville to phosphoresce in alta*violet light —ppobably the 
effect of certain impurities because no other 8am[ile showed any phosphorescence. 
W. W. Coblentz found the ultra>red transmission spectrum of borax glass gave 
bands at 1’9/i, 3p, 3'7^, and 4'8/i; and in the reflection 8[H‘etrum wide maxima at 
7'5/r and* 10 / 1 . According to E. Tiedo and co-workers, when boric acid is mixed with 
pertain organic substances, particularly aromatic and heterocyclic substances, and 
partly dehydrated by melting, it is found on cooling that the mixtures are strongly 
phosphorescent. These substances after illumination by ultra-violet lighf emit a 
phosphorescent glow of a colour which varies with the organic substance and in the 
best cases (lersists for two to three minutes afti’r the exciting light is nmioved. 

According to P. Burckhard,< molten borax conducts electricity, and during 
electrolysis, o.xygen is given off at the abode, and at the cathode, a gas which burns 
with a yellow flame is given off; if a platinum cathode is used, |ilatiuum boride is 
formed. A.Hartmann also studied the ehudrolysis of molten borates. P. Walden 
found the cq. electrical conductivity, A, and H. C. Jones the mol. conductivity, /i, 
of an aq. soln. of borax with a mol of the salt in v litres of-water, at 0° to 65° to be: 


H . Ill 

32 

I2K 

512 

1024 

2048 

4000 

/4„' 57’9U 

<>4-3« 

72-87 

78 04 

70-20 

83-45 

85-50 

1I3'.‘»4 

12r) 4U 
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152-00 

153-40 

101-23 

103-00 
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250-2 

281-0 

310-7 

— 

350-3 
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32 
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10-24 
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«7'S 

75-3 

S5-3 

01-3 

02 7 

07-0 
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70-5 

80-4 . 

y^-7 

03 5 

08-3 
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The assumptions on which the calculations are basi-d are wholly iiiadequati- on 
account of hydrolytic and other disturbing reactions. H. 0. .Jones also calculated 
the tenqi. coeff. of the conductivity for soln. of different cone. L. Kahlenbcr|^and 
0. Schreiner, A. A. Noyes and W. K. Whitney, and II. S. Shelton found that with soln. 
made up from borax; or from the corresponding amounts of sodium metaboratc 
and boric acid ; or from sodium hydroxide, and boric acid, both the lowering of the 
f.p. and the conductivity determinations agn-e that the borax is probably ionized 
in dil. aq. soln.: Na]jB 407 -fH 20 2Na. t-2B0'2-f2HB02. The univalency of the 
borate-ions in soln. was tested by P. Walden's application of Ostwald’s rule, for 
the mol. conductivity of solu. of the sodium salt: /iio 24 ~t‘ 32 —13 b; this value is 
greater than that required for univalent ions ; but the discre|)aucy was attributed 
to disturbances due to hydrolysis. F. Auerbajh showed that with cone. soln. 
complexes are formed. P. Miiller and R. Abegg calculated that at 25°, a soln. of 
borax with the cone, expressed in mols per litre : 

Cone, of Na'-ioii.O OSO (l OUO U'2(l(f 

Cone, of free boric acid.U 04J O'O.W U’0«8 

Cone, of bone acid in poly borates . . . 0'007 O'O-ll 0'140 

The work of A. Atterberg, M. Dukelsky, etc., has stown that a polylJbrute jjf 
the type Na20.5B20}.10H20 is formed in cone. soln. Besides‘the equilibrium^ 
between the different borate ions in aq. soln., the salt is hydrolyzed. As 
shown by C. Herzog, the dissociations of the salt in aq. soln. into acid and base is 
evidenced by soln. colouring red litmus blue, and turning turmeric brown. As 
shown by H. Rose, J. Shields, L. C. BarreswiI, W. Henneberg, J. Bottomley, P. Qeor- 
gievic, etc., the hydrolysis explains the action which the feeblest of acidi and the 
halogens exercise on soln. of borax. J. Walker estimated that a OTAf-NaB02 
sola, was 0'84 per cent, hydrolyzed? and J. Shields, that a 0 'lN-Na 2 B 40 ; soln. i» 
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between O'S and 0'5 per cent. H.'Men^l found tbe degree of hydrolysis of M molar 
soln. to be; 

,, 0'4 02 0 1 004 0 02 0 01 

Per cent, hydrolysis ! ! 0-60 0-67 0-76 1-22 1-70 2-.30 

He also studied the equilibrium conditions in the reaction 2 Na 2 C 03 +Na 2 B 407 -l-Hj 0 
i=i 2 NaHC 0 , 4 - 4 N 8 B 02 . R. Abegg and A. J. Cox have computed the solubility 
product of the soln. A. Schrauf studied the magnetic axes of the crystals. 

0. Meslin found borax to be diamagnetic. . 

In measuring the solubility of borax, G. J. Mulder ^ found 100 parts of water at 
0" dissolve 1 '4 and at 100°, 55'3 parts of anhydrous borax. Y. Osaka found 100 grmS. 
of watef at 25° dissolve 3 33 grms. of Na 2 BA- Measurements were also made 
between 0° and 100° by A. B. Poggiale. D. W. Horn and E. M. van Wegener found 
that tbe solubility, «S', with soln. cr)'stallized from sujiersaturation, expressed m 
grams per 1(X) grnis. of Na 2 B 407 , is : 


3u r>u 00 02 

• 3-9 10-6 19'4 22 


70 80 100 

24-4 31-4 52-3 


The results are grajdied in Eig, 16. The transition temp., N 82 B 4 O 7 .IOH 2 O 
^Na 2 U 407 . 5 ll., 0 + 5 H 2 G, is very nearly 02°, 0, Fig. 16. J. H. van’t Hoff and 
1 .. ' W. 0. Blasdale said that in the presence of 

■§ so ---- 1 —yi sodium chloride the transition temp, can be 

* reduced to .‘Ib'O". H. Ijcscreur is of the opinion 

i ■«?-w/” ,125°, the pentahydrate passes into 

^ M dihydiat^ so^um tetraborate, Na2B407.2H20. 

5 30--— A. Roa'nheim and F. Leyser gave 0T4 mol 

b ifK/ per litre for the solubility of sodium diborate 

-- at ()“.* M. iJukelsky studied the ternary system 

^ ^ NaaO- B 2 O 3 —H 2 O, at 30°; and U. Sborgi and 

f lO F. Mecacci, the same system at 60°. J. H. van’t 

• —Hoff and W. C. Blasdale found that in aq. soln. 
^ yof 0° m'' KXf a mixture of sodium chloride and potassium 
• TemperdCure borates forms potassium chloride and sodium 

i.,, ,..., ,, , „ borate ai 25° and" 83°. Table 11 shows the 

ill Wilier. composition of soln.— mols 01 salt per 1000 mols 

of water sat. with borax and sodium chloride. 


Flu. III. - Solubility t.’urvo of Borax 
in Water. 


and the salts indii atvd. 


Taulb 11.- CoMcusiTiuN UK Satuhatbu Sui.utkins of Borax and some other Salts. 
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According to D. S. Wester and A. Bruins, 100 grms. of tricMoroethykne dissolve 
0 011 grm. of sodium tetraborate at 15°. A. Stromeyer found that borax is virtually 
insoluble in absolute akohd, but readily dissolves in an alcoholic soln. of sodium 
acetate, while, according to the U. 8 . Pliarmacopmia, 100 grms. of alcohol, ap, gr. 0'941, 
diesolv»2'48 grms. of sodium borate at 16‘6°; A. Vogel found that 100 parte of glycerol 
of ap. gr. l'!^5 dissolve 6‘7 parte of borax; and, according to the U.S. Pharmacopoeia, 
(1907), 100 grms. of glvcetol dissolve 60’3 grins, at I5'5°, and 100 grms. at 80°. 
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L. F. Kebler showed that glycerol and other pol 3 Siydrio alcohols decompose a aoln. 
of borax into sodium metaborate and boric acid. Molten borax glass dissolves many 
mttallic oxides, which impart characteristic colours in oxidizing and reducing atm. 
Hence the use of borax in qualitative blowpipe analysis : and as a flux in soldering. 
H. Rose found that ferric oxide cr)'8tallizcg from the soln. as magnetic oaidc of iron ; 
and titanic oxide, as rotUe. G. Wunder also found that the oxides of the alkaline 
earths furnish characteristic crystals. J. J. BitzcUus, A. Knop, and C. H. Burgess 
and A. ^Jolt have studied this subject. 

According to M. Faraday, a soln. of borax first roddims turmeric pajwr because 
of the excess of alkali; but as the colouring matter becomes altered by the presence of 
boric acid, the tint bcomes dirty blue, and tin? paper then bidiavcs towards acids and 
alkalies just as if it had been cooled by boric acid—y.f. An aq, soln. oiborax is 
decomposed by chlorine into sodium hypochlorite; and when evaporated with 
hydrochloric acid on a Watw-bath it is all decompo3(>d into sodium chloride and boric 
acid. J. L. Gay Lussac,® and A. Laurent found that when an aq. soln. of borax 
coloured blue with litmus, is titrafc'd with sulphuric acid, the blue colour changes 
to claret-rod, and finally rod when all the sodium has b«-n Vonvert<’d to sulphate. 
H. Rose said that when a soln. of borax which has been made feebly acid is diluted 
with hot water, it again reacts alkaline--J. Joulin did not confirm this statenumt. 
According to E. Schweizi'r, when an aq. soln. of borax is sat. with hydrogen sulphide, 
sodium sulphide and free boric acid are formed. No borax is precipitated wh -n the 
.soln. is treaU’d with alcohol; and when shaken with ether, two layers appear -the 
lower layer contains sodium sulphide, the upper layer boric acid ; similarly, an aq. 
aoln. of borax absorbs CUbon dioxide until all the sodium u converted into carbonate, 
when the soln. leaets acid ; alcohol dofs not precipitate borax from this soln., but 
when eva|)orated, the carbon dioxide it expelled, and borax remains. According to 
E, 1). Clarke, a mixture of borax glass and caibon boils in the oxy-hydrogen flame 
giving ofl a white smoke, and forming a substance which becomes white on exposure 
to air. H. Murschhanser studied the effect of borax on tint mutarotation of sugar. 
Gelatinous silicic acid docs not act on a .soln. of borax, but organic acids displace the 
boric acid. G. J. B. Karsten stated that when borax is triturated with ammonium 
chloride, ammonia is produced. According to G. Uragendorif, when a mixture of 
phosphorus and powdered borax glass is heated to redness, a dark brown glass is 
formed from which boron separates w hen agitated with wate'r. G. Winkler found that 
when a mixture of borax aiid magnesium powder is lutaled in the, abstmee of air, 
sodium, sodium metaborate, magnesium oxide, and magui'sium boride are produced. 
A. laiurent stated that when iron is heated with borax glass a combustible gas is 
given off. T. Bergman added that when a .soln. of borax is dropped into metallic 
.salt soil!., freed as much as possible from acid, sparingly .soluble borates are pre¬ 
cipitated from soln. of mercury, lead, copper, iron, tin, nickel, cobalt, and zinc ; 
but .soln. of gold, platinum, bismuth, and manganese remained undisturbed. 
W. Ackermann pn'parod what he called burk (icul wiUer-glms by gently warming 
a mixture of boric acid and Imrax in the proportions of 1 : ,'5. The product is supposed 
to be analogous to ordinary water-glass, and to be a colloidal soln. of Imric aaid in 
Imrax. The aq. soln. is rather less stable than ordinary water-glass, for it tends to 
solidify, and ctystallize on standing, especially if shaken. It is said to have several 
advantages over borax as a flux in soldering. , . ^ . 

* * « 

Som« uses o! bwax.—Bomx and boric acid have un extraordinary iftimber of appliea* 
tiona in different indusirios.^ They are u»ed as c-onatituenta in making enamels for iron, 
and other metals; in the roanufaA'turc of pottery glazes; in making glass, artificial gems 
and stress; and in the manufacture of pigments for glass {tainting. Borax is used in making 
thiignet’s green. It is employed in the tannery, and in the currying shops for dissolving 
dirt and blood from skins and thus ensuring a more rapid liming. It is used for cutUz^z 
oils and fate used in stuffing leather and in bleaching and mordanting leather. It is used 
in the laundry in washing and starching; it heljjs to give linen a high gloss. Many coni' 
mercial starches contain borax ; and ^orax is also us^ in making some soaps. I^rax^s 
used as a wood preservative against dry rot, and on account of^its antiseptic qualities it is 
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utituent of |»wdor» for killing ‘""T'J’J‘j tf /made from borax and shellac. A 
r^xture of l^in'and boraxTi" »ub»titule for gum and it is moisture-proof. The p^r 
inUU use borax m making a kind of pari-hmeiit, and borax is ured in ^ck3 

for glazed uiiiors and playing cards. Borax is used us a stiffening agent for the wicks of 
stearin caiiiUos ; and it is also used in calico-printing. On account of the solvent action of 
fused Ikiiiix on metal oxides, it i8,ui«d for keeping a clear surface in the welding and brazing 
of inotiils. It is uIho iwod hh a flux in many other operations; and m blowpipe analysis. 
Borax is employed m making rannuanese borate to be used os a drying agent for oils. 


In aiiiiition to the ti^traboratca, represented by borax, other still more acid borates 
have been reported. Aceording to L. Batthe,» when a boiling soln. of equal parts 
of borai# and boric aeid is cooled, the first crop of crystals has the composition 1 
2Naz0.3Rz0|i: the second crop, Na 20 . 2 B 20 a : and the third crop, 2 Na 20 . 5 B 203 . 
These prodiiets are in all jirobability mixtures. L. Spiegel found that soln. of 
tmraX containing an excess of boric acid deposit crystals of SOdittm hexaborate, 
N 82 ()..'iB 2 (l 3 .jiH 2 C, and ho found a samphsof commereial borax which he assumed 
to contain this "salt Ueeiiase of its liigh B 2 O 3 content. I. F. Ponomarev also 
exiiiuined the hcxuhorale. ■ H. le Ohatelier reported the formation of sodium 
octoborate, Na., 0 . 4 B 203 ’.»i] tal', aj)[iarently analogous with the corresponding lithium 
salt. 1'. A. Bofley prepar'd what he regarded as the decahydratc by boiling a soln. 
of two ec|. Ill borax with one eq. of ammonium ehloride. If the soln. is moderately 
(111., ammonia gas is evolved, and when the evolution of gas has ceased, the filtered 
soln. furnishes milk-white or transparent crystals. I. F. Ponomarcy also examined 
the oetiihoriite. Analyses by A. liaurent, and P. A. Bolley agree with the formula 
Na2O.1B2O3.10H2O. The crystals lose water when heated, but do not swell up so 
mueh ns borax; BIO parts of water dissolve 17-20 jiarts of the salt. The soln. is 
neutral to litmus. 


I'lio fuj. Moiii. priH-ipitntoM borii; acid when (routed with thl. uci<l.s, and it given pro* 
cipitutoM with those salts whieh guvt^ pi-eeipit«tes wit4i stilii. of borax; although tho products 
sometimes ddTor in colour and solubility lioth lose- borie acul when washed with water. 
A. Att4'rhi*rg Is'lieved that I*. A. Holley’s salt is a mixturt' of totra- and diM-u-borutes. 

i\. Atterherg bmiul that a soln. of a mol of sodium hydroxide with 5 mols of 
boric oxide deposits small prismatic crystals of decahydrated sodium decaborate, 
Nii.Ahr)ll20;j.U)|fo0 also called mliuiii. })etdabi>rale. The first crop of crystals 
contains a little boric acid ; and the last cro]) a little btirax. iM. Dukelsky pntpared 
this salt and .sliowed the conditions of stability at 30°— vide Fig. 15. Judging from 
II. Sborgi and F. Mecacci s study at 60"*, the salt does not appear to be stable at GO" 
in a([ soln. M. Dukelsky, and A. llosenheim and F. Lt'y.ser, as indicated above, 
also prepared decahydrah'd sodium decaborate*, Na. 20 .r)Ba 03 .lOH 20 . The solubility 
at 0" 18 IU'3 mols per litre. A, A. Kelly and 13. D. Jones prepared the decaborate by 
(lassing suljihm dioxide into a mixtim* of JOO parts Iwronatroealcite and 400 parts 
of water: Na.^0.2(.'a0.r>ll.>();j )-3iSO.^ 2 (’aS 03 H-Na 2 S 03 + 5 B 205 . The calculatt'd 
amount of IwronatrocaleiU* is added, and the mixture boiled: Na 2 (). 2 ra 0 . 5 B 203 
5 B 20 ;j)-- 2 ('uS 03 -f 3 (Nuo().rtB 203 ). The borate may lx* recovered by 
erysUllization. W. Voss obtained the deeaborate by treating boronatrocalcitc with 
sufficient sulphuric and lioric acids to form the reijuired salt. A. i^terberg found 
the crystals rapidly lose G mols of watar at 80", and slowly two mols more ; at 2fK)", 
09.0 inol of water is still retninctl, but at higher temp, all the water is expelled with 
intuiueseehce. A. Atterherg believes this salt is the same as that prepared by 
A. Laurent, to whieh the formula r)Na20.24B203.r)5H20 was assigned. 

J. TUnnermann re|)orted hydratedso4lumdodecaborat«,Na,().OB,0,.nH,0—water 30 per 
cent.—to be formed in tabular crystals by adding boric acid to an aq. soln. of borax until the 
soln, no longer reddens turmeric, and evaix>rutmg and cooling. The salt tastes like nitre, 
and is neutral to \'egetable colours; it swells up when heated, and melts to a clear glass. 
A. Laurent stated that if 2 mols of sulphuric acid are added to 3 mols of borax, the mixture 
does not redden litmus because tho dodecaborato is formod. but with another mol of 
sWphurio avid the soln. reddens UUnus because biAic acid is liberated, and with another 
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np of sulphuric acid, the litmus is coloured bright r«^ from the excess of the last-named 
pid. A. A. Noyes and W. R. Whitney infer the formation of complex borates as high as the 
odecaborate because the heat of neutralization of sodium hydroxide with boric aoid steadily 
jereases up to this proportion. 


J. A. Arfvedson,® H. Rose, 0. L. Bloxain, ami N. Tate mea-siired tliesvmount ot 
Mrbon dio.xide cxiiclled when boric acid is fased with [lotnssium carlxtnate, frgm 
which it apfiears that at a dark red lieat a mol of drives out one mol of carlion 
piuxidc from an exccas of the carbonate, and at a bright red heat, I (Id-r2(> mol of 
i^rbon dioxide. C. L. Bloxam found that when lairie acid is lioiled witli an a((. aoln. 
j)l the carbonate thn'c mols of B 2 O 3 decom|>o.se one mol of potassium carbonate. 
L. Bloxam mea.HUrcd the water evolved when boric oxide is fused with potassium 
xide, and found : B 203 -f 4 K 0 H= 2 K 20 ,Bo 03 fL’HoO. There is no other 




|iydroxide 

■evidence of the formation of a basic 
tarbonab'. M. Dukelskv, studied the 
ternary s 5 ’stem, KoO.BoOs.HjO, at 30°, 
and hia results are shown graphically 
ill Fig. 17. The area Kah refers to the 
solid phase KOII. 2 II 2 O; bMc, to the 
phase Ko 0 .B 203 . 2 jH 20 ; cDtl, to the solid 
phase K 2 O. 2 B 2 O 3 4 H 2 O; dPe, to the solid 
phase K 2 O.. 0 B 2 O 3 . 8 H 2 O; and elif, to 
solid boric acid, BfOHij. 

As alri'ady indicatcul, J. A. Arfvedson, 

H. Rosi', etc., found that a mol. of boric 
oxide will displace approximately a mol. 
ot carbon dioxide from an cxcc.ss of potas¬ 
sium carbonate at a red heat; and this 
was taken to show that potassium meta- 
borate or diborate, K. 2 O.B 2 O 3 , or ftBOj,* 
is formed; and J. J. Ik'rzelius fused c‘f|. proportions of carbonab' and boric 
oxide or acid at a white heat. J. Schabiis also prepari'd monoclinic plab's 
of this salt with axial ratios n : 6 ; C“2'744<l; 1 :2'676(1, and ^—93° J)4'. 
J. J. Beradius added that the salt dissolves in water with didiculty, and does 
not crystallize from the soln.: it has a cau.stic alkaline ta.ste. and absorbs 


H^O 



Fm. 17. - Equilibrium iu the Teniarv 
Sysleni, K.O -B,0, H,(), at .'IU*.' 


carbon dioxide from the air,” forming a mixture of iiotassium carbonate and the 
tetraborate K 2 O. 2 B 2 O 3 . A. Atb'rberg jirepared what he regarded as a trihydrab-, 
K 2 O.B 2 O 3 . 3 H. 2 O, by dissidviiigthe anhydrous compound in water, and evaporating it 
over sulphuric aoid with an excess of potassium hydroxide. The microscopic crystals 
lose their water when heated, without changing their form, and the residue melts at 
a white heat, being much less fusible than the more acid salt. fS. Motylcwsky 
fouml the droji-weight of the niolbui salt to be l.'i.'i when that of water at 0 ° is 
KKl iiigrms. H. 8 . van Klooster, and K. M. ,[ager gave !)47° for the m.p. of 
])otassium metaborate. The surface tension at 992° is 123T) ergs per sq. cm., and 
at 1142°, 96'6 ergs per sq. cm. A. Attorberg found that the salt volatilizes rapklly 
at a white heat. The fused salt forms needle-like crystals on cooling. It absorbs 
much gas while* being melted, and this is rejeeb'd on cooling, thus causing some 
decrepitation. The salt deliquesces in air, absorbipg earbon dioxide as jvell as 
water. It would appear that this salt is probably the same as the hamipenta* 
hydrate, K 20 .B 203 . 2 iH 20 , of M. Dukelsky, the zone of stability df which in aq. 
soln. at ,30° is indicated by the area icM, Fig. 17. A. Rosenheim and F. Lcyser 
gave the solubility of the diborate as 0'9 mol per litre at 0 °. 

A. Attcrbei^ obtained the tetrahydrated potunum tetraborate, K 2 O. 2 B. 2 O 3 . 4 H 2 O, 
monoclinic prisms which, when heated, lost their water with intumescence, and finally 
fused to a clear glass, which H. J. Bnignet found to have a sp. gr. 1’74. M. Dukelsky 
showed that the zone of stability of the tetrahydrate in aq. soln. is repijisented by 
the area cDd, Fig. 17. A. Laurent* made a pentahydrat^ K 2 O. 2 B 2 O 3 . 6 H 2 O, in* 
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bexBRonal priama by crystallization during the cooling of a boiline soln. of potassium 
carbonate mixed with an excess of boric acid, and made alkaline with potassium 
hydroxide The first crop of crystals contain the octohydrated hexaborate, but 
afb'rwards the tetralwrate alone appears. The salt dissolves readily in hot and cold 
water; it tastes slightly alkaline, reddens turmeric; tumefies when heated; and 
finally’ fuses to a clear glaff. A. Atferbcrg reported a hemihenadecahydrate, 
Ka 0 .aB.^ 03 .r)JH 20 , to be formed in hexagonal prisms by evaporating at ordinary 
temp, the aq" soln, of a fused mixture of eq. proportions of the component salts. 

A. Laurent, and A. Atterberg also reported monoclinio prisms of the hexahydrate, 
KjO.SBaOj.fiHjO, which lost 2 mols at 1b '’; 2 mols more at 100 °; and tvhich 
nUaineiione mol of water at 200°. M. Dukclsky obtained no evidence of any other 
than the tetrahydrate at 30°, so that the penta- to the hexa-hydrates were possibly 
the tetrahydrate with entrained water. A. Rosimheim and F. Lcyser made potassium 
penlaboiate with a solubility of 0 07 mol per litre at OS.' 

H. Schilf observed that- the aq. soln. of tfie tetraborate absorbs much iodine to form 
a colourless soln. Potussium iodide and iodab' are f.ir'med in accord with the equation 
fiKoB 40 ,-(.'iL 'fiK 2 B|,i),o-|.riKM KfO;,; nswell as hydrated potassiumhexaborate, 
Ko().. 3 B 203 .«lf 20 . W.‘ Keissig prepao'd what ho regarded a.s the pentahydrate, 
K 20 .B 203 ..'iH 20 , by cooling to 0 ° a boiling soln. of a mol of potassium carbonate 
with 2 mols of boric oxitle. The rhombic, prisms so obtained have the axial ratios 
a:h: c—-0’b‘2Hb : 1 : ()'9206 ; and arc stable in air. A. Laurent obtained what he 
regarded as the octohydrated hexaborate, KjO.SBaOs.SH^O, during the preparation 
of the tetraborate. The rhombic prisms have the axial ratios a:h: c=0'77 :1:0'70; 
they are stable in air; and readily melt with intume.scence. A. Atterberg believes 
that A. Laurent’s salt is really the deeaboijite. M. Dukclsky observed no signs of 
formation of a hexaborate in aq. soln. at 30°. H. Ic Chatelier prepared what he 
regarded as potassium octoborate, K 20 , 4 B 203 , by a process analogous to that he 
employed for the lithium salt. , 

C. F. Rammelsberg obtained crystals of octohydrated potassium decaboiate, 
K 20 ,.''iB 203 . 8 H 20 , from a boiling aq, .soln. of potas.sium hydroxide sat. with boric 
aeid. A. Laurent gave the formula 5K20,24B2()3..'j,'')H20. J. Boeseken represented 
the "salt KBsOj by the graphic formula K—B (OBO) 4 , with one boron atom 
quinquevalent. • A. Laurent found that the rhombic crystals had the axial ratios 
a: b : c=0'9709 ; 1 :0'80,'i4. V. von Lang also measured the crystals which have 
a jiositive double refraction. M. Dukelsky found tlie region of stability of the 
crystals in aq. soln. at 30° to be represented by dPe, Fig. 17. According to A. Atter- 
liorg, the crystals rapidly lose C mols of water at 100°, and still more water is lost 
slowly ; at 200 °, one mol of water is still retained ; at a red heat, the salt forms a 
clear glass. 'When treated with hydrofluoric acid, potassium borofluoridc is 
formed. A. luiurent stated that rhombic prisms of decahydraled potassium dodeca- 
bnrale, K 2 D.()B 20 |. 1 iiH 20 , crystallize from neutral soln. of potassium hydroxide 
and boric aeid. He .said that the crystals are jiermanent in air; turn reddened 
litmus slightly blue ; dissolve .sparingly in cold water and copiously in hot water. 

A. Atterberg tried to make this salt from soln. containing 3,4, 5, and 6 mols of boric 
oxide to one mol of K 2 O, but obtained in every case, octohydrated potassium deca- 
borate; nor did M. Dukelsky obtain any evidence of a dodeeaborate iu aq. soln. at 30°. 

A, C.^'isehle'o prepared .anhydrous rubidium tetraborate, Rb 2 B 407 , by pre- 
^ rtpitatinjr an alcoholic soln, of rubidium oxide with a similar soln. of boric acid. ' 
The free crystalline precipitate contains alcohol of crystallization. W. Reissig, and 
A. C. Reischle prepared the hezahydiated rubidium tetraborate, Rb 2 B 40 p 6 H 20 , by 
dissolving 2 mols of boric aeid and one mol of rubidium carbonate in boiling'water; 
rhombic six-sided pistes separate during the cooling of the soln.; and they are stable 
in air. A. C. Reischle obtained csesium hexaborate, C^BjOio, or Cs 20 . 3 B 2 C^, by 
miring alcoholic soln. of csesium oxide, and boric acid. The crystals separate 
slowly from the soln. A. Rosenheim and F. Leyser made rubidium pentabwate. 

According to H. S. ^an Klooster, the f.p. cunre of mixtures of lithimn and sodium 
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^taborat«<, Fig. 18, pvea no indication of the formation of a compound, but there 
I a eutectic at 850° with 52 per cent, of lithium metaborate. The miecibility of the 
iryetala is very limited, for lithiom metaborate dissolves 2 per cent, of sodium 
petaborate, and the latter 3 per cent, of the lithium salt. Mixtures of sodium and 
fotassium metaborates give a f.p. curve, Fig. 19, showing a continuofls sc'ries of 
nixed crystals, and having a flat minimum with 50 pjr cent, of sodium mctalmrate. 
There is evidence of a decomposition of the mixed erystals between ,522° and 5,53° 
sith mixtures with 40 to 60 per cent, of sodium metaborate. The f.p. curve. Fig. 20, 
)f mixtures of potassium metaborate and metaphospbate [sjsaeases two eutectics 
It 681° and 770° respectively, the former eorresiwndmg with 90 per cent, and the 
atter with 30 per cent, of potassium metaphosphate. The portion of tje curve 
)etween the eutectics rises to a very flat maximum, extending between ,50 and 60 
)er cent, of potassium metaphosphate. The eutectic arrest is only noticeable in 
;ho neighbourhood of the eutectics, so that it cannot be used to determine the 
Msition of the maximum. The composition agrees with potassium metaphosphato- 
metaborate, KPOa.KBOj. Fusions of this composition give.neutral soln., whereas 
with higher and lower percentages of potassium metaphosphate they are respectively 
acid and alkaline. The presence of the compound KP0j,KB02 is also indicated by 
the microscopic examination of thin .sections. Fusions containing between 65 and 86 
jper cent, potassium metaphosphate would not crystallize," but they solidified to a 


LiBOrNiBO, NdBOrKBO, KPO^-KBO, NiP0,-NdK, 
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Fms. 18-21.—Freezing-point Curves of Binary Mixtures. 


vitreous mass. The f.p. curve of mixtures of sodium metaphosphate and sodium 
metaborate. Fig. 21, could be followed only with mixtures containing between (I and 
30 per cent, and between 60 and 80 per 
cent, of sodium metaphosphate, the other 
mixtures solidifying to vitreous masses. 

The, curve between ,50 and 80 per cent, of 
sodium metaphosphate shows a flat maxi¬ 
mum which is probably due to the existence 
of lodinm metaphosphatometaborate, 

NaP 03 .NuB 02 , further evidence in support 
of the existence of which is given by 
chemical and optical investigations similar 
to those described for the potassium 
compounds. Conductivity measurements 
showed that this compound also exists in 
soln. to some extent. 

Eleven ammodam borates have been 
described; but D. Sborgi could find only 
three in his study of the ternary system 
(NHilxO—B 2 OS—H 2 O, at 30°. He found the 1:4 :6 compound at 60°, and 
the 1:2:4 and the 1:5:8 compounds at 45°. His results at 30°,are shown 
graphically in Fig. 22, the regioif hMc corresponding with the solid phase* 
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(NH4)j0.Bj 0,.2JH20 ; the region dPe with the solid phase (NHiljP.SBjOj.SHjO ; 
and the region eBfmth boric acid, B(OH) 3 .. 

J. J. Berzelius reported a basic salt dihydraled tetm-ammonium diborate, 2(NH|)jO.B,Oa. 
2H,0, or 06.211,0, but there are doubts about the accuracy of the analysis. 

J. A. Arfvotfson dissolved ammonium tetraborate in hot cone. aq. ammonia, and allowed the 
sohl. to cooi in a covered vossol,aWhon crystals of the composition t 3 (NH,), 0 . 4 B, 03 . 3 H| 0 , 
ammonium oetotritfiboruti’, separaUid otit; ho also found that 100 parts of crystalline boric 
acid absorlsid 21 parts of ammonia, producing what was thought to be the enneahydrate, 
3(NH.),O.4l),O,.0H,O. 

L. Gmelin .slowly cooled a soln. of a “ moderate ” proportion of boric acid in hot 
aq. sraiponia, and obtained tetragonal crystals. Analyses by L. Gmelin, E. Son- 
bciran. A, Laurent, and C. F. Rammclsberg correspond with tetrahydratnd am¬ 
monium tetraborate, (NH 4 )i, 0 . 2 B 203 . 4 H 20 , or (NH4)H(B02)2.1JH20. A. Atter- 
berg's analysis agrees with the assumption that this salt is a pentahydrated tetra¬ 
borate, (NH 4 ) 20 . 2 B 2 l) 3 .r)H 20 , and he considered this to be one of tin' only two am¬ 
monium borates whose existence has been cstablislied. This salt may have been 
U. Sborgi's hemipentahydratc, (NH 4 ) 20 . 2 B 203 . 2 jH 20 . with some entrained water. 
If so, the region of Stability is fairly large, corn'sponding with bcM, Fig. 22. 
C. F. Rammelsberg found the axial ratios of the tetragonal crystals to be a:c 
=1; ()'8283. W. H. Mifler described crystals of ammonium borate, but it is not clear 
whet particular salt he measured. G, d'Ai'liiardi also studied the.se crystals. 

L. Gmelin said that the crystals efllore.sce in air, lo.se ammonia, and form the octobo- 
rate ; that KKI parts of cold water dissolve S’S i)arts of the salt, and that the soln. has 
an alkaline reaction, and evolves ammonia when heated. According to P. A. Favre 
and C. A. Valson, the sp. gr. of the A'-soli). of this salt is 111678, and the volume 
increase per litre, atb'nding the soln. of one eep of the salt, is 10-2 c.c. According to 

M, Faraday, a neutral or slightly alkaline soln. of ammonium borate soon colours 
turmeric paper the red lint eharaeteristic of hyric acid, and the red tint is eflccted 
by ammonia, etc., as with the coloration jiroduced by boric acid itself—i;,®. 

J, A. Arfvcdson olilainoil a salt whose analysis corresponded with 2(NH,),0.6B,0a,!>H,0, 
but C. K. Kanunelslwrg Ix'lievcd this is probably a loss jmre form of the tetraborate.’ 
A. Sehleisner reported lirpUihydmtrd ammonium hembomie, (NH,),0.3B,0,,7H,0, to ho 
formed by adding the calculated quantity of ammonia to a hot aq. soln. of boric acid. He 
addeil that the salt is formed only above 30'. and that it is very soluble m water, ft is 
used for preparing hard and wiuihuhlo figures of plaster of Pans. 

A. .Atterberg mixed ft hot soln. of boric acid tvith ftq. ftiumouia in the proportion 
NHaiHsBOj-l.-S r), and obtained rhombic double pyramids of OCtohydnted 
anunonlum decfthorate, (NHslaO.riBaOj.SHaO, analogous to the corteaponding 
potassium salt. The area ilFe in If. Sborgi’s diagram. Fig. 22, shows the range of 
stability of the salt at 3t)°. J. Schabus, and V. von Lang e.iso measured the crystals 
which have a positive double refraction. L. Gmelin qhtained colourless, transparent] 
six-sided pyramids by saturating a hot cone, aq, aoln. of ammonia with bone acid’ 
and slowly cooling the mixture; he sitpposed the product to be heiakydrated 
amilhnium octoborale, (NH 4 ) 20 . 4 B 203 . 6 H 20 . but it is probably a lcs.s pure form of the 
decaborate. 0. F. Rammelsberg found the crystals to be rhombic bipyramids with 
axial ratios a: 6: c=0-9827 :1 ; 0'8201. L. Gmelin said the crystals ftppear tasteless 
at first,d)«t they afterwards exeite a hurning bitter taste. The salt is permanent in 
•-a*, but wllen h^ted, it swells up. and fuses, leaving behind glassy boric oxide which 
A. Laurent said still retains some ammonia very tenaciously. According to 
L. Gmelin, 100 parts of cold water dissolve nearly 12'5 parts of the salt, and the soln. 
gives off ammonia when boiled; the aq. soln. has an alkaline reaction. By treating 
the soln. with vanadium pentoxide, A. Ditte obtained ammonium trivanadate. 
The salt has also been studied by C. F. Wenael, J. M. F. dc Lassone, E. Soubciran, 
and J. A. Arfvedson. ’ 

. Analyset of the mineral larderellite occurri jg at the Tuscan lagoons, by the dis¬ 
coverer E. Beehi, and, by J. A. Rose, eorrespond with trtrahydrated ommonium 
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odo6wo(c, {NI^)a0.4B203,4H20, or (NH4)2B80i3.4H20, The cryst-alliue form of the 
rhombic plates has not been established. I^rderellite is soluble in hot water, and, 
according to £. Bechi, the soln. deposits crystals of enneahydraied amnwnivm 
dod^caboraiet (NH4)20.6B203.9H20. ^ 

A. Bsohawachoff prepared rhombic crystals of decahydratod. bydratina 
hezahydro-dodeoaborate, (N2H4)2(H2B407)3.1()H20,by adding boric acid to a 5 (^r 
cent. soln. of the base, and concentrating the soln. first on the water«batb, and then 
in a destfcator. The crystals readily effloresce, and when kept over sulphuric acid, 
pass into the pentahydrate, (N2H4)2(H2B407)3.5H20, and at 1(K>“ they form the 
anhydrous salt, (N2H4)2(H2B407)3. When heated to they formed 

(N2H4)2(B2O3)0. Above 260 "^, the salt decomposes into boric acid and anhydrous 
hydrazine, N2H4. 
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$ 10. The Borates of Copper, Silver, and Gold 

W. Hermann ^ found that a mixture of copper oxide and borax melts with 
difficulty and furnishes a blue glass. H. Hecht studied the effect of boric oxide on 
thh colour of alkali silicate glasses coloured with cupric oxide. P. A. Bolley discussed 
the uses of the copper borates as pigments for painting. M. G. Levi and S. Castellani 
observed no signs of the formation of copper borates in the electrolysis of*a soln. of 
boric acid in the cathode compartment, and of a soln. of a cupric salt in the anode 
compartment. 

A. Rosenheim and F. Lt^yser made cupric pentaborste ; and obtained the com- 
])lex hydrated tetrasodium tetracupric octodecaborata, 2Na20.4Cu0.9B203.38H20, 
that is, Na 4 [Cu 4 (B 407 )(j 1,50H20. According to W. Guertler, brownish crystals, with a 
groertish surface shimmer, cuprous tetraborate, Ou^BjOjj, or 3 CU 2 O. 2 B 2 O 3 , are 
produced when cu[»ric diborate, CulBO^)^, is heakd until gas is developed, and 
washed with boiling water; when a mixture of thrt^e mobs of cupric nitrate and two 
mols of boric oxide is heated until reduction is comj)let(;; and when cuprous 
hydroxide is evaporative! with 3 to 5 eq. of boric acid, and heated ; the homogeneous 
licjuid cools to a rcddi,sh-yellow mass which is rapidly decomposed by water. 

F. P. le Roux said that when a fu.sed gla.sH (,'u 20 . 2 B 203 is rapidly cooled the colour 
is citron-yellow, if slowly cooled, orange ; and if CU 2 O. 2 B 2 O 3 is slowly tooled, it has 
an orange colour. 

J. Tiinnermann found borax prei'ipitated a pule green cupric borate from a soln. 
of cupric sulphate; and different results are obtained according as the borax or 
cupric salt is in excess. The gn‘atcr th<* proportion of the latter, the more basic 
the ]^recipitate. The composition also depends on the cone, and temp, of the mixed 
soln. As a result quittv a immbiT of hydrated cupric borates have been n'ported, but 
there is nothing to show that any of them is a ebiemical individual. 

According to H. Hose, cold cone. soln. of cupric sulphate and borax give u pre<‘ipitato 
of 33 (’uO. 20 B, 03 - 33 HgO, which when washed witlj cold water furnishes dihydrated ciipric 
diboiate^ CuO.B,Os.2HjO; and with hot cone, aoln., the monohydruto w formed. 

A. Laurt'iii obtained u siinilar hydrate, 2CuO.H,Og. by drying at 100*, the prcK-ipitaOi 

obtained by addftig borax to a hot soln. of cupric sulphate. Expressing the mo), rati') 
CtiO : BjOj; H ,0, H. Hose obtaijied the salt 11 : 1: 1> by washing the proeipitato obtained by 
adding Iwrax to a hot dii. soln. of cupric sulphate ; by a Idhg continued boiling with water, 
hydrated cupric oxide is finally obtaine4i. E. Pasternack wormed a cold sobi. of two parts 
of cupric sulphate and one of borax ; the filtrate from the basic sulphate was dropped into an 
excess of a hot soln. of borax, and, on cooling, the compound 5:1:12 dejKWte^^mgl^ 
obtained 4:1:3, by washing the 2:1:1 product with cold water. Rw-y^lTOmngtho 
precipitate obtained by mixing equi-molar parts of cupric sulphate ancU^orax in cold cone, 
soln., H. Uow> obtainoil 0:5:0 which by washing with cold water 3:1:3; if hot 

Holu. are emiiloyod. the precipitate is 11:6:11, and after wa^®dug with hot W'ater, 
11:4:11. H. Rose also obtauuMt 5:2:5, by washing the j|T>wipRate obtained by 
mixing cold dil. soln. of cupric sulphate and l>orax. 

JV. OuertliT evaporated a soln. of a mol of cupric^Rtrate with 2 mols of boric 
acid and fused the product in a platinum crucible aXt a temp, not exceeding 950°, 
the blue necdlo-Iiko crystals have the composition#’ of cnprio di- or mtlabontto, ' 
CuO.BA, or Cu(B0j)j; .ho .also obtained the ij'ame product by melting cupric 
.vcide wiv a large excess of boric oxide, and/slowly cooling the product; and 
A. Ditto, by th 6 action of water on cuprio tetra»Jorate, CuB^O,. This product can 
also be obtained as a dark green glass. Tbs bXue doubly refracting needles have a 
ep. gr. 3'859 ± 0 003, and the hardness of cojrnndum. When heated to 875° ± 10 °, 
oxygen is given oft, and the weight becomes ^nstant when 5'32 pet cent, in weight 
has been expelled. H. Moissau found fluwine attacks copper borate vigorously 
at ordinary tomp. and the mass becomes incandescent. Cold dil. mineral acida 
have no acjfion; neither does dil. hydrofluo^o Mid attack the compound; cone. 
Iiydrofluorio acid has a slow solvent action, wdium hydroxide and awoli sulphides 
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hare no action.; molten potassium hydrosulphate and molten ulkali earboimtes 
act slowly. 

A. Ditte prepared crystals of copric tetraborate, CuB^O;, by evaporating a soln. 
of cupric oxide or carbonate in one of boric acid sat. at 4<t“. E. Pasternack prepan’d 

hezahvdrated eoprio tetramminotetraborate, CuB 4 O 7 . 4 NK 3 . 6 H 2 O, by adding 
alcohol to an ainmoniacal soln. of eqni-molar parts of borax and cupric acetate,'or 
by warming a soln. of a mol of cupric acetate and 2 inols of boric oxide in 
aq. ammsnia, and filtering hot. On cooling, dark blue crystals are obtained which 
can be crystallized from aq. ammonia. They effloresce in air. smell of ammonia, 
and are decomposed when boiled with water, with the sejiaration of cupric 
tetraborate, • 

J. Donau - found silver dissolves in fused borax, staining it yellow. 
J. Tiinnermann noted the formation of a white precipitate when borax Is added to 
soln. of silver nitrate. Acrtirding to H. Rose, equi-molar and N-soln. of smliuni 
borate and silver nitrate in the cold give a dirty yellow precipitate which when 
l)re 88 ed contains llAg 20 . 10 B 203 . 1 l)H 20 ; and after washing with cold water, and 
drying contains 6 . 4 g 20 .B 203 . Cold cone. soln. of 2 mols of silver nitrate and one 
mol of borax give a precipitate containing 3 Ag 20 . 4 B 20 n, and after washing, 
tAgoO.OBoOs. Boiling cone. soln. of the two salts precipitate silver oxide only ; 
whilst very dil. soln. give the same precipitate, I,. .Toulin also found that an excess of 
borax precipitates silver metaborate, AgB 02 , from a cone. soln. of silver nitrate, but 
if the latter is in exce.sa, or if the soln. be dil., silver oxide is precipitated. If. Hose 
found that potassium borate behaves like .sodium borati'; a cone, soln. of ammonium 
borate pn'cipitates silver borate* from a soln. of silver nitrate ; with dil. soln. 
silver oxide alone is precipitated. As L. Vanino showed, the silver ti'traborate 
first precipitated is more or less hydrolyzed according to the cone, of the soln. 
A. Laurent said that ])otasaium hexaboratc gave a white |)recipitate with soln. of 
silver nitrate. E. C, Franklin found silvei borate is insoluble in liijuid ammonia ; 
and H. Hamers, that it is insoluble, in ethyl acetate. R. Abegg and A. J. Cox 
found a litm of aq. soln. at 2^“ contains about fi'O') grins, of AgBO. 3 ; and they 
also studied the hydrolyses of silver borate by wafer. OM borate has not been 
prepared. • 
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§ 11. The Borates of the Alkaline Earths 

T. Bergman' prepared calcium, barium, and magnesium borates. He said : 

Depurated borax may be decomposed by boiling with Iiroo; the acid forsakes the caustic 
fossil alkali to seize the lime, and produces a salt scarcely soluble. The same thing takes 
place within ponderous earth, and magnesia. • « 

A. Ditte said that a boiling aq. soln. borax does not decompose calcium carbonate, 
and C. Tissier, that calcium hydroxide but not calcium carbonate is sotuble in a 
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bnilinir an. eoln. of Imric acii), that barium carbonate is not soluble in aq. soln. of 
boric aciiJ; and that if a soluble calcium salt be boiled with an excesn of an aq. 
Hobi. of l«>ric acid, no (jrccipitate occurs if enough borax be added to make the 
Hudiuin of till' borax (*<]. to the calfiuni of the calcium salt. J, H. van fc Hoff studied 
the paragcncsiii of the calcium borates in natural salt deposits. For the formation 
oFboratc minerals, i?w/ctheocfurrencc of boron, A. Laurent studied the precipitates 
obtained by double decomposition of barium salts and borax; judging from the 
analysis, the jkroducts appear to be mixtures. L. B. Guytgn de Morveau (tbtained a 
transparent glass by melting two parts of borax with one of barium oxide; and 
N. Tate melted barium 8 ulj)hate with boric oxide at a high temp., but succeeded in 



Fins. 23-2.'». Firczinfi-point ('urves of Ifinnry Mixiuros of Boric Oxido with Calcium, 
.Strimliuiii. or Banutn Oxido. 


dis|>lacing oidy a (lart of tlic sul|iliuric acid. Two hiyor.s wore formed, a soln. of a 
little barium aulpliate in boric aeid above and a .soln. of a little, boric acid in barium 
sulpliatc below. Similar results were obtained with barium chloride and boric 
acid. W. (iuertler partially explored the f.p. curves of fused mixtures of boric 
oxido with the alkaline earths, and obtained the results shown grajiliically in Figs. 23 , 
24 , and 2 .'). The ealcium curve has maxima corresjionding with C'a0.2B203; 
raO.BjOj; and 20nO.B2O3; the strontiiim-eurve likewise with Sr0.2B203; 
SrO.lLOs; and‘2Sr0.B203. The curves were not continued to the left bceau,se of 
tfio non-crystallization of tlie glasses; and to the right, heeau.se the fusion temp, 
was outside the range of the apparutus employed. J. J. Berzelius noted that 



• Fto. 20.- ..Soluliility Curves in the Ternary System, BaO—B,Oj—H,0, at 30®. 


.small proportions of barium oxide give transparent glasses when milted with boric 
acid, h«t;;rystalline masse* aie formed with higher proportions of baryta. There 
nothing to show that calcium and strontium would not form orthohorates 
analogous to tlie barium compund; or that barium would not form a salt 
analogous to the calcium and strontium tetraborates. U. Sboigi has studied 
the ternary systems, CaO—BjO,—HjO, and BaO—B^O,—HjO, at 30 °; the 
results with the lime system are represented graphically in Fig. 26 , which shows 
but a portion of the triangular diagram, where o 6 denotes the solubility curve 
of'calclum hydroxide; ie, of CaO.BjOs.eHjO; erf, of 2CaO.3BjOi.9H2O; de, of 
Jlla0.3Bj03J2Hj0; and e/, of boric acid, BfOH)]. Similarly, with the baryta 
system, he obtained asplid phases barium hydroxide BaO.HjO with the solubility 
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curve Bi, Fig. 27 ; BaO.BaOa.-lHaO, 6o; 2Ba0..76203.6Ho0, cij; BaO.3B2O3.7n2O, 
de; and bond acid, B(OH)3, ef. 

L. Onvrard claimed to have made tran8j)arciit iirismatic crystalH of cslciom 
orthobOTate, 30aO.B20s, or CasfBOslo, by melting at a red heat the cij. ejuantitieg 
of boric oxide and calcium oxide or / / h " 

carbonate with a flux of calcium , 

chloride, or bromide or of potasaium * / 

hydrofluoride free, from potaseium ay -Y—— ' • 

(■Uoride. The cold maas wagdige.ated , /\ / 

with cold water and then with dil. _.-V_ 

acetic acid. The crygtals become i \ / 

opaque when boiled with water; anil ,y„\/__Y._Y__ 

they arc very aoluble in dil. aeid.s. J i /X : 

The corresponding stTontijim ortho* 1/ \J _V_ V y _ 

borate, 3Sr0.B203. or Sr3(B03)2, waa ~r\ J\ /V / 

pre])arcd in a similar manner, and //\/ \/ \/ \/ \/ 

it was found to be leas readily M J\ 

attacked by water than with the // \/' \f \J V/ \/ 
calcium salt; similar remarks ajiply A A A A A 

to barium orthoborate, 3BaO.B2<)3, / /c / \ /‘\ / \ /d \ / X / ' 

or Ba3(B03)2. The last-named com- -- ^ 

pound was also prepared hv W. (Inert- „ 

1 1/ 1 , u 1 ‘1 i. i.ji-ij luti. 27.- Solubihl V (tirvoH iiT tho foniarv 

ler and found to melt at about l.il:. System, t'aO 'n.O, -11,0, „t;tO“. 

(Fig. 2r,). 

it. Ouvrard melted a mol of boric oxide, 0'5 mol of calcium oxide, and 2 mols of 
calcium chloride in the presence of o(J per cent, of sodium or potassium chloride, and 
extracted the cold ma.ss with water; 2 mols eaidi of calcium oxide, and bromide. 


and one of boric oxide gave similar results. Transparent, doubly refracting tabular 
crystals were obtained of dfcalcium diboihte, 2Ca0.B203, or da^B.^Oj, very resistant 
towards cold water, but soluble in dil. acids. If. S. Roberts gave 1 , 301 '’ for the 
m.p. it. Onvrard prepared digtiontium diborate, 2Kr0.B203, or SraBjOg, and 
dibarium diborate, Ba 2 B 205 , in a similar manner. The prismatic cryBtals,of the 
strontium compound arc readily soluble in dil. acids, and form.the tetrahydrated 
metaborate when treated with waR'r. W. (luertler prepared these three salts— 
Figs. 23 to 25 - and found them to melt with decomposition respectively at 1225 ”, 
1115 °, and 1 (X) 2 ''. A. Ditto claimed to have made tabular and columnar crystals 
of triitrontium tdralxirtile, 3Sr0.2B203, by heating eipii-molar parts of strnntia and 
boric oxide in a carbon crucible to bright redness. The molten portion crystallized 
on cooling. The chemical individuality of the product has not been confirmed. 

A. Ditte reported calcium mctaboratc or diborate, CaO.IROj, or CafBOjIo, 
to be formed by fusing the precipitate obtained by adding borax to a soluble calcium 
salt, with a mixture of potassium and sodium chlorides and less than 2.5 per cent, of 
calcium chloride ; and H. Ic Chatelier also prepared the crystals by melting together 
equi-molar proportions of the components. The crystals were washed witR water 
and dil. acetic acid. As L. Vaniuo showed, the tetraborate first precipitated is 
hydrolyzed, thus CaB407-f 3H20?^Ca(B02)2-|-2H3B03; or even CaB407-t-7H20 
wiCa(0H)2d-4H3B03 crystals form transparent peedles, prisms, or plaffs, which, 
according to K. Mallard, belong to the rhombic system, and have axial |atios a : hio 
=0'539: 1 :0'372. The double refraction U negative, and the indices of refraction 
for Na-light are fi,=l'540 ; p3=l'656 ; and ;t,=l'682. A. Ditte found that the 
crystals are. insoluble in water, in aq. soln. of the alkali chlorides, or in boiling cone, 
acetic acid; but they are soluble in hot or cold soln. of ammonia salts—especially 
the nitrate ; and readily soluble at 50° in dil. mineral acids. W. Guertler prepared 
the same compound melting at 1100° (Fig. 23). L. Ouvrard prepared iteoraum 
matabonte or diborate, Sr0.B203, and found that water converted it into the 
dihydrate. W. Guertler’s preparation melted at about 1100° (Fig. 21). L.Ouvtird 
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made UArm metaborate or diboratf. BaO.BsOj, in « 
atrontim compound; R. Benedikt made it by meltmg 
eq. amount of barium chloride, and extracting the mass with 

made it by fuaing together the components. The acicular crystols melt at lOW 
(Fig. 25). ^(}. Tammann found the heats of soln. of calcium and strontium meta- 
borates in A-HCl, to be respectively 161 and 141 cals, per gram for the crystals, and 
2 irand Kf) cals, per gram foi^thc glasses; hence, the Iteats of crystallization are 
respeetj vely 50 and 34 cals, per gram. The sp. hts. of the crystals were respectively 
0'222 and 6'176, and of the glasses 0’21S and 0170. 

A. Ditto mixed the precipitate, obtained by adding borax to a soln. of a calcium 
salt and washing, with an exce.ss of a soln. of calcium hydroxide; crystals are 
gradually formed whicli he regarded as heptahydrated calcium diborate, but which 
J. H. van’t Hoff and W. Meyerhoiler showed to be hesahydrated calcium diborate, 
Ca(B 02 ) 2 . 6 H 20 . W. Meyerhoiler made the same salt bjj the action of boric acid on 
calcium chloride in an aq. soln. of pota.s.sium hydroxide. The conditions of stability 
at 30° were worked out by U. Sborgi, Fig. 27. When a soln. of caleium hydroxide 
is gradually added to an eq. quantity of a soln. of boric acid at 60°-70°, an amorphous 
preci[)itate is formed approximating to ('aO.B 2 O 3 . 4 H 2 O; but after shaking the 
mixture for several days, the precipitate becomes crystalline and has the composition 
OaO.B 203 , 6 H 20 . Two-thirds of the water is lost at 105°, and the remainder at a 
red heat; and it is hence inferred that 4 mols. of water are associated differently 
from the remaining two ; and this idea is expressed by regarding the salt as tetra- 
hydratad calcium tetrahydroxyorthoborato, ('a[ 0 .B( 0 H).>] 2 . 4 H 20 . According 
to A. Ditto, the crystals arc six-sided prisms, or hexagonal plates. They are rapidly 
dehydrated at 80°, at 10 ° a litre of water dissolves 2 grms. of the salt, and the soln. 
has an alkaline reaction. The salt is not decomposed by atm. carbon dioxide. 
According to .1. H. van’t Hoff, U. Behn, and W. Meyerhoffer, when the hexahydrate 
is heatod with water below 50°, long rectangular crystals are formed of an unstable 
tetrahydrated a-calcium diborate, Ca(B 02)2 ‘iH 20 , which has a transition temj). 
at 24° when it pa.s 8 es into the hexahydrate. When the o-salt is heated it contracts 
and passes into a stable j 8 -form, namely, tetrahydrated j3-calcium diborate. This 
change is grt'stly accelerated if sodium chloride be present in the soln.—with a 10 
per cent. soln. of sodium chloride it occurs at 40°. The crystals of the hexahydrate 
were also found to become opaque when warmed, and to ]iasa by reversible trans¬ 
formation at 4,5'5° into an unstable dihydrated C^ciuiU diborate, ('a(B 02 ) 2 . 2 H 2 D. 
H. Rose obtained this salt by treating equi-molar parts of cold soln. of sodium 
metaborato and calcium chloride ; pressing the, precipitate, and drying at 100 °— 
the analysis agreed with llCaO,10B2O3.18H2O. At 200°, the salt still retained a 
mol of water, and not all was expelled at 3()0°, The salt absorbs carbon dioxide 
when it is being washed, and the product is then poorer in water. The precipitates 
which H. Rose obtained under similar conditions with barium chloride were regarded 
as barium borocarbomUe, 3 (Ba 0 .B 203 .H 20 )C 02 . or BaO.B 2 O 3 .CO 2 . 7 H 2 O. 

A. Ditto prepared peutshydraM atrontiam diborate, Sr(B02)2.5H20, by a 
proccM similar to the one he employed for his heptahydrated calcium diborate. A 
litre of water at 10° dissolves 2 3 grms. of the prismatic crystals without decomposi¬ 
tion. L. Ouvrard obtained tetrahydrated strontinm diborate, Ss(B02)s.4H20, 
by the action of water on his 2 Sr 0 .B 208 ; and prismatic crystals of dih^ated 
imntiam ^Iborate, Sr(B 02 ) 2 . 2 ll 20 , by the action of cold water on his Sr 0 .B 208 . 
Tie crystals become matt on expsure to air, and, according to E. Mallard, they 
belong to the rhombic system, and have a sp. gr. of 3’34. J. J. Berxclius prepared a 
hydrated barium diborate, BaO.B 2 Os.nH 2 O, by adding ptassium diborate to a soln. 
of barium chloride. H. N, Morse with W. M. Barton and D. W. Horn found that 
when the precipitate obtained with an alcoholic soln. of boric acid is treated with 
baryta water, it has a constant composition BaO; B 203 =l: 1, and can be used for 
the gravimetric determination of boric acid in the presence of carbonates; L. C. Jones 
showed that the process is not accurate in aq. soln. A. Ditte prepared penta- 
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kvdntad butoin dibortto. Ba(B02)2.&Hg0, by the process he employed (or the 
jrtrontium salt; the crystals lose their water when heated and fuse to a transparent 
glass at a red heat. L. Ouvrard obtained tetrahydmied barium diborato, 
|Ba(B02)2.4H20, by a process similar to that which he employed for the strontium 
baft. A. Atterberg also prepared the same salt by mixing warm soln. of'two mols 
of barium hydroxide and one mol of boric acid, and allojving the mixture to stand fer 
some time. The voluminous precipitate furnishes prismatic crystals which do not 
melt in their own water of crystallization. The dehydrat'd salt melts at a white 
heat, and cools to a mass of needic-like crystals. U. Sborgi explored the region of 
stability of the tetrahydrate at 30 °, Fig. 26 . By using an excess of barium hydroxide 
in a boiling soln., A. Atterberg obtained crystals of dihydrated barium difeorate, 
BafEOglg.^HgO; L. Ouvrard obtained the dihydrat' by a similar jiroceas to that 
used for the strontium salt. A. Laurent dropped a soln. of the octoborate 
NagO.lBgOj into a warm soln. of barium nitrate, and obtained what he regarded 
as decahydraled barium diborale, BaO.BgOj.lOHgO. 

G. vom Rath applied the term parulermiie to a hydrated calcium borate which 
occurs in a field covering about 20 sq. miles near the port.of Panderma, on the Black 
Sea side of Asia Minor; the field embraces the villages of'Sultan, Tliair, Yildiz, 
and Omerly. It is situated in a basin surrounded by yolcanic hills and the 
presence of hot mineral springs in various parts testifies to the volcanic influences at 
work in the formation of this mineral. Pandermite, exists in closely packed snow- 
white nodules of irregular shape and size, in an enormous bed of grey-coloured 
gypsum, covered with several feet of clay. The chemical composition approaches 
that of colemanite, but the latter exfoliates and decrepitat's when heated, while 
pandermite sinters together and fuses to a transparent mass. Tin' general a]){)earanee 
of pandermite recalls that of fine-grained marble. Analyses and reports have been 
made by K, Kraut, (}. Linck, A. Kenngott, M, Schliiter, A. Scheuer, J. E. Whitfield, 

F. Pisani, (J. vom Rath, etc. The range is B2O3 ,40 90 to 48 63 per cent.; CaO, 

27 22 to .■5210 pet cent.; water, 1 K '06 to 19'^0 per cent.; and in addition, a sample 
containi'd: 

,MaO CaCiv, NaCI MgCr, Ko,Oj II,SO, 810, 

0-24 0-82 0-44 O OU O liO 2-11 2-47 per cent,' 

Pandermite is sold on a basis of 44 per cent, BoOj—sometimes as Turkish boraeilf. 

E. 8. Dana, J. E. Whitfield, and E. 8. Larsen considered pandermite to belong to 
the same mineral species as princeite, which occurs, a.s8oeiated with serpentine, in 
compact nodules and in chalky powder consisting of minute rhombic crystals 
near Chetko in Oregon, The analyses of B, Silliman, and A. W. Chase correspond 
with 3CaO.4B2O3.6H2O ; and this in turn is not very different from the cryplomor- 
pkile of H. How, except that the latter contains some soda. C. F. Rammelsberg 
repn'sented thecompositionof pandermite by Ca3Bg0i5..')H20,or.3Ca0.4B203..')H20; 

(i. vom Rath, 2CaO.3B2O3.3H2O ; B. Silliman, H. Cjjbert, G. Linck, and W. Meyer- 
hoffer and J. H. van’t Hoff, Ca 8 B 2 o 038 ,wH 20 , where the ratio CaO: B203=4 : 5 . 

The best representative formula is enneahydrated tutracalcium decabontu, 
4CaO.5B2O8.9H2O. According to J. H. van't Hoff, pandermite is synthesized by 
boiling boronatrdcalcite with a sat. soln. of sodium and potassium chlorides—the 
temp, approximates 110 °. When the product is allowed to stand a few days with 
its own mother liquid, well-developed crystals arc produced. G. Linck fohnd thaf*- ■ 
the crystals of pandermite belong to the monoclinic system with 0:6: c—0'5b !>; 1 : —, 
and jS about 70 °. The optical axial angle, 2 F» is about 35 °; and the cleavage 
parallel to (OOl) is good, while that parallel to ( 110 ) is not so good. The index of 
refraction is 1 ' 592 . E. 8 . Larsen gave a=l' 582 , j 5 =l’ 592 , and y less than 1 ' 806 . 

G. Linck gave 2'433 for the sp. gr. 

H. Rw prepared what he regarded as heptahydraled tristroniium decahorede, 
38tO.5B2O2.7H2O, by mixing equi-mi^at soln. of borax and strontium ahloride in < 
the cold—^if the soln. be heated, less bone oxide is present in the^pioduct. The pressed 
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precipitate dried at 100°retains 7mols of water, 3 of which are lost at 200°. A. Ditto 
prepared long silky needles of anliydroas dicaldum hezaborsto, dr cakium sesqut- 
borate, 2 Ca 0 . 3 B 208 , or CajBjOj], by fusing calcium oxide with a small excess of boric, 
oxide in the presence of W per cent, of a mixture of sodium and potassium chlorides; 
and also by melting some calcium borates with alkali chlorides. He also made six- 
skied prisms of dibarium ^exaborate, or barium sesquihorate, SBaO.SBjOj, or 
BajBjOji, in a similar way. The salt is easily soluble in warm dil. acids. 
The mineral cokmanite approaches pentahydrated dicalciam hezaborate, 
2 CaO. 3 B 2 O 3 . 5 H 2 O, or 082830 ],. 5 H 2 O, in composition. It was named after 
W. T. Coleman, one of the founders of the Californian borax indu.stry. The chief 
sourcod of supply arc the mines in Death Valley, California, and at Lang, near Los 
Angeles. The mineral has the appearance of ralcspar, and is sometimes called 
bornpar ; its colour varies from white to yellowish-white, or grey ; its hardness is 
3J to 5, and although it pulverizes easily, the sharjs edges of the crystals rapidly 
wear the pulverizing plant. The ore as mined runs 30 to 3.5 per cent. B 2 O 3 . A 
selected samjile from Lang, according to K. M. Dupont, had the analysis: 

n,o, Ciio Alp), rv,o, MsO co, sio, H,o 

31'10 23-Ti ■ 1-27 1'32 2-38 6-U I3-97 Kl-IO 

Analyses have also beim made by J. T. Evans, and J. E. Whitfield. According to 
J. H. van’t Hoff, the. naturally occurring calcium borates lie, between the di- and 
hexaborates, and borates containing CaO : B 2 O 3 in the, same ratio as in colemanite, 
are obtained by adding boric acid to the diboraU's, or removing boric acid from 
the higher borates. For example, colemanite is .synthesized in a crystalline form by 
heating to 70” a mixture of 140 e.e. of water with ,50 gnus, of sodium chloride and 
4 grms. of laironatrocaleite, together with 0’4 grm. of boric acid to avoid the produc¬ 
tion of pandmnite. H. Ro.se made a hydrated borate by adding an excess of 
calcium cbloriile. to a solo, of borax ; aftiT washing it contained Cat): B 2 O 3 in the 
ratio 2 : 3, and when dried at lOO” iT-tained.‘il to 5 mols of water; and at 300°, 
IJ mols. The sp. gr. of eolenmnite so jirepareil is 2'43. ,1. T. Evans found 2'428, 
and (J. vom Rath gave 2'417 for the sp. gr. of native, borate; (J. vom Rath found the 
m»no<linic prisms of the mineral have the axial ratio a:b-. c-- -0'7761); 1:0'5416, 
and j8--=110° IJ'; A. W, Jackson gave 0'7748:1:0-5110, and ^—09“ 50' 45"; and 
•A. S. Eakle, 0'77(i8 :1; O',54.30, and j 8 =-' 110° 7'. W. W. Coblentz found colemanite 
to bo unusually opaque to ultra-red radiations, audit is almost opaque beyond 3 /x. 
This opacity is characteristic of the borates. The water bands at l'5p, 2 |ti, and S/i 
arc almost obliterated. The reflecting power is very low. There, arc maxima at 
7'3f4, (7'Gp), 9'4/i, 10'6/i, and ll'2p. A. S. Eakle described a borate from Lang, Los 
Angeles, which agrees with colemanite from Death Valley, Inyo, and Calico district, 
San Bernardino, in its general chemical and physical properties, but “ in its optical 
properties it is somewhat different so that the name neocoktiianile is proposed to 
distinguish it as a variety from colemauite,” A. Hutchinson, however, showed that 
the two minerals have the same optical and crystallographic properties if the 
nmrcolemanite crystals be rotated through 180° about the normal to the cleavage 
plane (001). The double refraction Is positive; and the indices of refraction, 
according to A. Mulheims, are: . ' 
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. 1-68230 

1-68346 

1-58626 

1-58062 

1-69214 


. 1-68807 

1*68922 

1-66202 

1-69631 

1-69810 


. 1-00078 

1-61100 

1-61398 

1-81762 

1-62044 


According to W. Meyerhoffer and J. H. von't Hoff, when hexahydrated calcium 
diborate, 0a(BO2}2.6H2(), is heated at 100° with a 3 per cent. soln. of boric acid, it is 
converted into heptehydrated dicaldum hezaborate, Ca2B«0i].7H20, trhich 
forms’ long rectangular crystals possibly identical with the hexahydrate reported 
by E, Kmut in 1^2 as being obtained by t}ie action of water on boronatrocalcite. 
It is distinguished fsom colemanite in the proportion of water it contains, and, 
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regarded as a luinersl, it is called meyerhofferHe. W. T. Schaller found small tram 
parent colourless crystals of meyerholferitc iu the colemanite deposit of Death 
Valley (Cal.). The triclinic crystals had the axial ratios alh: c- 0'7!)23:1 : ()'775(), 
and 0=89“ 32', ^=78“ 19', y= 86 “ .')2'; the sp. gr. was 2'120 ; the hardnes.s 2 ; and 
refractive indiccsa=l'500,p=l'.535,y = I'StiO. The mineral fmies withoufdeompita- 
tion, but with intumoscence, forming an opaque white enamel. A. Attcrherg also 
made beptahydrated dibarium hexaborate, Ba 2 BeOii. 7 HoO. as an amorjihous 
precipitate by adding boric acid to an excess of an aq. soln, of barium hydroxide. 
It loses 4 mob of water at 100“, and the remainder on further heating; it melts 
at a red heat without swelling. W, Meyerhoffer and ,1. H. van't Hofl also made 
suneahydraied calcium hexaborate, CaoBjOji.OH^O, by heating hydratcdacalcinm 
diborate with the requisite amount of an aq, soln. of boric aoid ; or by the action of 
water on octohydrated calcium hexaborate, Ca 3 B( 0 ]i. 8 H 20 , at ordinary tenq). It 
forms crystals resembling aifgitc. The mineral inyoile is tridecahydrated calcium 
hexaborate, CaBjOio.lSHsO. Crystals found by W. T. Schaller in the coleniai\ite 
deposit of Death Valley (Inyo Co., Cal.); and by E. PoiU-vin ami H. U. Ellsworth 
in the Whitehead gypsum quarry, Hellsborough (New* Brunswick, Canada). The 
monoclinic crystab of inyoite have the axial ratios o: b": c=dl'94 :1; 0‘67, and 
^=62° 30'; the sp. gr. is 1’875 ; hardness 2; and refractive imliees a 'l'49.'i, 
)3=1'51, and y=l'520. Inyoite decrepitates and fuse.s with intumescence before 
the blow|)ipe flame. 

H. Ko.se prepared enueahydrated tricalcium decaborate, Ca3B,oO,g.911./), 
or 3 CaO.OB 2 O 3 . 9 H 2 O, by precipitation from a cold soln. of eahuum chloride with 
borax in equi-molar proportions. The exact proportions of water in H. Rose s 
product was not definitely determined, but J. H. van't Hofl also made needle-like 
crystals of the enneahydrate by heating boronutroenleite with a soln. of borax, when 
2000 . 311303 . 7 H 2 O i.s formed at an intermediate stage of the reaction. II. Rose 
also made beptahydrated trbtrontium decaborate, SrjBioOig.lHoO. IfjireOpi- 
tated from a hot soln., the ]]roduct contains a smaller ]iro)iortion of boric, oxide. 
H. Ko.se made hexahydrated tribarium decaborate, .■!BaO..')B 2 O 3 .fiH 30 . H. Rose 
found the strontium salt retains 3 molsof water at 200°, .1. .1. Berzelius said that 100 
parts of cold water dissolve one part of the barium salt; and on cooling the hot floln. 
a white powder is deposited ; carbon dioxide precipitates barium calbonate from the 
soln. According to R. H. Brett, and H. W. F. Waekenroder the salt dissolves 
readily in cold aq. soln. of ammonium chloride or nitrate ; and, according to H. Rose, 
in a soln. of barium chloride. L. C. Jones found barium borate is decomposed by 
carbon dioxide in aq. or alcoholic soln. 

A. Ditte prepared crystalline plates of anhydrous calcium tetraborate, CUB 4 O 7 , 
or Ca 0 . 2 B 203 , by melting calcium oxide with an excess of boric acid and a mixture 
of sodium and potassium chlorides. B. Blount and W'. (luertler (Fig. 23) made this 
compound by fusing the constituents together, and they a<ldcd that it is decomiiosed 
by water. A. Ditte and H. le Chatelier also made fine needles of anhydrous strontium 
tetraborate, Sr 0 . 2 B 203 , by boiling strontium carbonate with boric acid; by 
precipitating a soln. of strontium nitrate with borax; and by the method bsed 
for the calcium^salt. W. Guertler found that if strontia is melted with an excess of 
boric oxide, two layers are formed: the upper layer contains but little strontia, 
but when the lower glassy layer is heated some da^s if forms crystals ef this salt 
from which the excess of boric acid is removed by water—-t«fe Fig. 24.“ A. DitOf 
made anhydrous barium tetraborate, BaB^Or, by a process similar to that employed 
for the strontium salt. All these borates are soluble in dil. nitric.acid. J. J. Ber¬ 
zelius noted that when calcium chloride is added to a warm soln. of borax, the 
precipitate redissolves (on cooling), but if an excess of borax be used, the pre¬ 
cipitate is permanent. A. Ditte prepared pentahydrated calcium tetraborate, 
CaB 407 . 6 H 30 , by adding lime water to an aq, sob. of boric acid sat. at and 
wanning the filtered soln. to 70“;, the precipitate which is formed:'redissolves 
as the soln. cools; bat if most of the^hot mother liquid dre poured off, and the 
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precipitate and the mother litjuid be allowed to atand for some months, needle*like 
oryatala of this salt are formed. They are decomposed by much water into the 
diborate. The bechilite, of E. Bechi, and the hayesine of D. Forbes were considered 
to be tetrahydrates, but J. H. van't Hof! could not make them artificially. 
J. Tiinner’mann believed the air-dried precipitate produced by adding borax to a 
sohi. of calcium nitrate is a monohydrate, CaO. 2 B 2 O 3 .H 2 O; L. R. Lecanu obtained 
what he regarded as a tetrahydrate, CaO. 2 B 2 O 3 . 4 H 2 O, by the action of boiling 
water on boronatrocaleite ; 0. Popp obtained what he regarded as the octohydrate, 
CaO. 2 B 2 O 3 .HH 2 O, by drying in air the product obtained by heating an aq. soln. of 
boric acid with calcium carbonate. E. Bechi found crusts of tetrahydrated calcium 
tetrshoaate are deposited from the Tuscan springs, and, when regarded as a mineral, 
the salt is called bfchilUa; and the kayenne of D. Forbes, deposited from tbe hot 
springs of Banos del Toro, Cordilleras (Coquimbo), is possibly the same. The boro- 
cakite found by A, A. Hayes at Iquique (Peru) wa# said to be a hexahydrate, 
CaO. 2 B 2 O 3 . 6 H 2 O. J. H. van’t Hoff said that all attempts to prepare borocalcite, 
Ca 0 . 2 B 203 , 4 H 20 , from natural sources have been unsuccessful; various specimens 
from collections have been shown to be boronatrocaleite, pandermite, etc. Experi¬ 
ments to jircpare, it have al.so been without the desired result. An aq. soln. of lime 
anil boric acid, kept at 40^ for three weeks, deposits a substance of the approximate 
eonqiositlon demanded by the formula; it is really, however, a mixture of calcium 
hexaborate, CaO. 3 B 2 O 3 . 4 H 2 O, and dicalcium hexaborate, 2 CaO. 3 B 2 O 3 . 9 H 2 O. At 
83°, however, this soln. deposits, after two months, colemanite ; this is the beat 
method of obtaining artificial colemanite. Borocalcite, if capable of existence, is 
therefore very difficult to prepare. J. H. van't Hoff also studied the limits of 
formation of colemanite, pandernute, boronatrocaleite, and the tetrahydrate, 
NaCaBsOg, tHgO, and represented his results graphically in conjunction with those 
of sylvine, borax, calcium chloride, etc. The rule that the difficulty of forming 
artificial minerals increases from the chloridcs^to the sulphates and to the borates 
is given a quantitative significance, in which the idea of “ mean valence ” is intro¬ 
duced. “ Mean valence ” is a quotient of two totals; the values for Na, K, Cl are 
I; Ca, Mg, SOg, 2 : BjOj, 6 , and HgO, 4, in the numerator, those in the denominator 
being Na, K. Cl, Ca, Mg, SO 4 , 1; B 2 O 3 , 2; and HgO; thus for ascharite, MgHBOg 
oj 2 Mg 0 .B 203 .H 20 -=( 4 -fG-l 4)/{2-t-2-f3)--2. A. Laurent and A. Ditte obtained 
tftrahydiat^ strontium tetrabonte, SrO. 2 B 2 O 3 . 4 H 2 O, by double decomposition 
between aq. soln. of borax and strontium chloride. R. H. Brett said that the 
precipitate is soluble in soln. of ammonium .salts, and that K )0 parts of water dissolve 
0’77 part of the salt. It is thought that the product obtained by J. J. Berzelius, 
and 0, 6 . Gmelin, and J. Tunnermann by the action of an excess of borax on a soln. 
of barium chloride is hydrated barium tetraborate salt. According to L. W. Kul- 
reuter, it behaves like barium carbonate towards alkali sulphates. 

According to A. Ditte. it calcspar be boiled with a sat. soln. of boric acid, tetrs- 
hydiaied caldum hexaborate, CaO. 3 B 2 O 3 . 4 H 2 O, or CaB 30 i(|. 4 H 20 , is formed as 
a crystalline crust which loses all its water at 200°, and melts to a glassy mass at 
400 . W. Meyerhoffer and J. H. van’t Hoff found that the dodecahydiated 
oaloiam hexaborate, CaBjO| 0 . 12 H 2 O, is formed by shaking the above hexahydrate 
with boric acid in cold aq. soln.; the conversion is complete in about twenty-four 
hours. ' This hydrate is unhtaBle and changes at the ordinary temp, into the octo- 
-aiirtoted‘oaloiam hexaborate, CaBeOio.SHjO, which forms doubly refracting 
leaflets and slowly undergoes degradation to A. Ditto’s tetrahydrate. A. Ditte made 
strwtlum hexaborate, SrO.SBgQg, by the action of borax on an excess of strontium 
oxide. According to A. Atterberg, if an aq. soln. of baryta-water be dropped into 
an excess of an aq. soln. of boric acid, a precipitate nearly corresponding with 
hexahydrated barium hexaborate, BaO.SBgOg.fiHgO, is formed, but since the composi¬ 
tion varies a little, the product is thought to be a mixture. 

< A. Laurent boiled milk of lime with an excess of boric acid, and obtained a white 
precipitate whose analysis corresponded w^th enneahj^drsted ealdom ootobwate, 
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CaO. 4 B 2 Q 3 . 9 H 2 O; sDi] A. Ditto obtaiuod dodecahydnted caidnm ootobonto, 
0aO.4B2O5.12H2O, by treating a sola, of boric acid, sat. at 40°, with milk of lime, 
and evaporating the filtered soln. slowly at ordinary temp. The product decomposes 
at 70° into water, boric acid, and a little tetraborate which in turn decomposes into 
the diborate. A. Ditte also prepared heptabydnted itrostium ootobonte, 
8 rO. 4 B. 2 O 3 . 7 H 2 O, dodecahydrated atrontiam octoborate. Sr 0 . 4 B 203 . 12 H 20 ; 
and also dodecidiydrated barium octoborate, Ba 0 . 4 B 203 . 12 H 20 . A. Laurent 
assumed that he made burium, strontium, and calcium dodecaborales as precipitates 
by adding ammonium or an alkali dodecaborate to a soln. of the corresponding salt. 

J. J. Berzelius found calcium oxide dissolves in fused borax, forming a clear glass, 
which on cooling furnishes a crystalline mass if a large proportion of lime is present; 
if otherwise, a glass is formed. The mineral boronalrocalcile is a sodium calcium 
borate also called ulacite after G. L. Ulex,^ who first gave a correct analysis. It 
occurs in the dry plains of, the provinces of Tarapaea, Atacama, Ascotan, Mari- 
cunga, and Copiapo in Chile and Peru, as in white roundish masses mixed with 
aluminium, magnesium, calcium, and sodium sulphates, sodium chlorides, cti\ 
These masses are locally called tiza, cotton-balls, linailcitc, or borax-time. It also 
occurs in the, desert regions in zones or layers alternating wkh strata of salty earth, 
and also on thi‘ West .African coast; in Nova Scotia ; etc. Analyses have, been 
published by G. L. Ulex, (!. F. Rammelsberg, A. Dick, K. Kraut, F. W. Helbig, 
G. Lunge, M. Kletzinsky, T. L. Phipson, A. Salvetat, H. How, T. L. Walker, etc. 
These analyses range from 34'71 to 49',5 per cent, of boric oxide; 12'69 to 150, 
calcium oxide; 5'42 to 11'95, sodium oxide; 0'.5 to I'O, potassium oxide; 2r) ti() to 
;17'40, water; <P81 to 2'bb, sodium chloride ; magnesia up to about 0'5 ; sulphate, 
up to about 1'5 per cent.; and earthy matters and sand up to about 5 per cent. 
F. M. Dupont gives the following analysis of a sample from Ascotan, and 
J. E. Whitfield of a sample from Rhodes’ Marsh, Esmeralda County, Nevada: 
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and in sample A, 0'24 per cent, of ferric oxide and alumina, and in sample B,<J'44 
])er cent, of K 2 O. The difficulties in the determination of both' oxide left tho 
composition of the mineral for some, time in doubt; and it was thought that the 
contained soda might be present as an impurity. A. Raimondi stated that all 
Peruvian calcium borates contain some soda. Different formula) have been assigned 
to the mineral; K. Kraut gave (Na20.2B2O3)(CaO,3B2O3).15H2O, or NaijCaBioOi;. 
I 5 H 2 O; C. F. Rammelsberg, (Na4Be0n)(Ca2Bs0j,)2.28H20; J. E. Whitfield 
gave NaCaB 50 g. 6 H 20 ; and L. Darapsky, and H. Gilbert, NaCaBeOj.fil^O, i.c. 
Na 2 O. 2 CaO. 5 B 2 O 3 .l 6 H. 2 O. The analyses of 
artificial boronatrocalcite agree with the, last- 
named formula, hexadecahydreted sodium 
dicaldnm decaborate. 

T. L. Walker measured the loss which 
occurs when the ulexite is heated for 24 hrs. 
at different temp, up to 355°; he found that 
the first 12 mols of water arc given off very 
readily and in proportion to the rise of temp., 
except the fifth mol, which appears to be more 
firmly held; the last four mols are held more 
closely and are slowly driven off. Of these, 
the lut is held most firmly, and is given off 
between 355° and red heat. The dehydration 
curve is illustrated in Fig. 28. 



Fio. 28 —Dehydration Curve of 
CTexile, Na.0.2Ca0.5B,0,.16H,0. 


H. How’s cryptomorpkite occutting in minute plates, has an anidy>u corrC; 
sponding with Na20.3Ca0.9B20|.12H20; it is said to lose much of its water when 
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exposed to ttir. It is probably a mixture, J. E. Reynolds obtained a matieive white 
mineral with a fine fibrous structure, of hardness 1, and sp. gr. 1*65, from Tara* 
paca, Peru. Analyses agreed with the formula 2 Na 20 , 2 Ca 0 . 6 B 208 . 15 Ha 0 , or 
Na 2 C'aBjO| i.T^H^O, and it was named franklandite. J. H. van’t Hoff said that the 
analytical tlata corregj)ond with an impure boronatrocalcite, and his attempts to 
obtain the product artificially were unsuccessful; when a mixture of boronatro- 
calcite and borax is heated to 60'^, pentahydrated sodium tetraborate appears at 
and at 63“, the boronatrocalcite loses water with the formation of OCtohydrat$d 
sodium dicalcium decaborate, Na 2 O. 2 CaO. 5 B 2 O 3 . 8 H 2 O, or NaCaBaOa.IHJO. Con- 
miquontly, the formation of colemanite from boronatrocal(.‘it<^ at about 65^ according 
to the equation: 2 NaCaB 509 . 8 H 20 =Na 2 B 407 . 5 H 20 -fCa 2 Bfl 0 n- 5 H 20 + 6 H 20 , is 
jmssiblc only when suj>erheating of the boronatrocalcite takes place. This implies 
that the upper t<‘mp, limit for the existence of boronatrocalcite is lower than that 
prtivipusly recorded, and dilatometer experiments indicate that this limit is below 
fiO°. In presenci! of sodium chloride, borax, potassium chloride and glaserite, 
decomposition of boronatrocalcite was found to take place at 51®. 

A. B. djt Sehulten prepared boronatrocalcite by the action of an excess of a cold 
sat. soln. of borax on calcium chloride ; th(‘ amorphous precipitate is transformed in 
5-30 days into a mass of fine crystals. J. H. van’t Jfoff made it by mixing 110 grms. 
of hexahydrated cahdutn diborate, 40 grms. of boric, add, UK) grins, of borax, 450 
gnus, of <!alciurn (chloride, and 2} litres of water. Thu mixture is seeded with boro¬ 
natrocalcite, and in a few days, the crystals are filtered off; wa.shed successively 
• with wakr, 75 per cent, alcohol, and ordinary alcohol; and then dried. W. Foshag 
and others assume that boronatrocalciU is formed in nature by the action of soln. 
of boric acid and sodium salts on marble ; J. H. van’t Hoff studied the paragenesis 
of the sodium calcium borates in the formation of salt deposits. 

Although boronatrocalcite occurs in microscopically fine crystals- needles and 
jilates—of snow-white (dolour, exact crystallographic data are not available. 
II. Buttgciibaeh has made some measitrt'meufs. A. des Cloizeaux examined the 
corrosion figun's. H. How gave l’G5 for the sj), gr. of the mineral; and A. B. dc 
Schulten, V955 at 15® for the artificial compound. The compound loses its water of 
crystallization when heated; and melts at a red heat. H. Buttgenbach said that 
the crystals have*a positive double refraction, while those of borocalcitO arc sometimes 
negative. Cold water extracts some soda from the mineral, but even boiling water 
(1:40) does not remove the soda comj)lete]y,'and Jj. R. Lecanu, and J. H. van’t Hoff 
obtained crystals of tetrahydrated calcium tetraborate, Cad. 2 B 20 ;j. 4 H 20 , from the 
hot uq. solu., while K. Kraut obtained 2 CaO. 3 B 2 Oa. 6 H 2 O. According to J. H. vau't 
Hoff, the transformation of boronatrocalcite into the tetrahydrate- -pandermite— 
proceeds much faster in porcelain than in glass vessels. With a boiling soln. of 
ammonium ebloride, boronatrocalcite gives off ammonia. 
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§ 12. The Borates of Beryllium, Magnesium, Zinc, Cadmium, and Mercur/ 

W. (jruertler ^ found beryllium oxide is but sparingly soluble in fused boric oxide. 
U. Kriiss and H. Moraht found that freshly precipitated beryllium hydroxide does 
hot act on boric acid, and barium borate gives no beryllium borate on treatment 
with beryllium sulphate, but simply the hydroxide. The borate may, however, 
be obtained by precipitating beryllium chloride solu. with borax soln. or by 
neutralizing the same with sodium carbonate in presence of a large excess of boric 
acid. It is a white precipitate, resembling beryllium hydroxide, and has the compimi- 
tion of a b^ic salt, namely, 'peniaherijlliuin diboratc, 5BeO.B20j, which B. Bieyer and 
L. Paezusky believe b a solid soln, of boric acid in beryllium hydroxide. They 
found that the ratio of distribution of boric acid between water and beryllium 
hydroxide is independent of the couc. of the boric acid at 20'' and at KX)'', showing 
that no definite compounds can be formed by the actiomof aq. soln. of bprii; acid 
and beryllium hydroxide, and that the boric acid removed by the hydroxide format 
tt solid soln. The cone, of the solid soln. formed when aq. soln. of bctyllium sulphate 
and borax are mixed, varies considerably with the cone., and with the relative 
proportions of the reacting substances. Precipitates containing the largest propor¬ 
tions of boric acid are obtained when the beryllium salt reacts with an cq. quantity 
of sodium borate in a soln. of the highest possible cone. The addition of sodium or 
ammonium sulphate to the soln. has no appreciable iufiueucc mi the composition 
of the precipitate. ^ * 4 

The greyish-white mineral hambergUe is possibly a solit^ soln., although it is 
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usually regarded as a basic borate in which two of the three hydrogen atoms of boric 
acid are displaced by beryllium, and the other, by the monad radicle Be(OH), 
forming beryllium hydrozyorthoborate, BeOH.BeBOa. It was first found by- 
W. C. Brogger near Hegeroen, in Norway; A. Lacroix found it near Imalo, in 
Madagascar ; R. C. Burton found crystals at Cashmir in India ; and H. Backstrom 
at Jacobsbcrg. According to W. C. Brogger, the crystals are rhombic with axial 
ratios a:b: c==0'79876 :1; 072669 ; and they have also been studied by V. Gold¬ 
schmidt and co-workers, by A. Lacroix, W. J. Sokolofl, and R. C. Burtgn. Ham- 
bergito is soluble in hydrofluoric acid. H. Haga and F. M. Jagerobtaincd X-radio- 
grams corresponding approximately with the rhombic holohedral symmetry. The 
sp. gr.^ 2 347 ; the hardness 7 r>; the crystals do not melt in the blowpipe ; thu 
double refraction is strongly jeositive, and the indices of refraction are: 

Ll-Uim Na-llun Tl-Hoe 

a.1BS42 'i-56(IS 1-6693 

B .1-8391 1-6908 1-5928 

y. 1-0294 1-0311 1-0331 

M. I’uaux assumed that magnesium polyboraU-s are formed in order to account 
for the augmented solubility of boric ae-id in water containing a little magnesia. 
0. Tissier found hydrated magnesium carbonate is soluble in a boiling soln. of boric 
acid, but the anhydrous salt is insoluble, and calcined magnesia dissolves slowly ; 
0 . Pojip said magnesite is dci-omposed by a soln. of boric acid in brisk ebullition ; 
and magnesia alba forms a sparingly soluble basic salt. J. (J. G. de Marignac evapo¬ 
rated to dryness a soln. of boric acid and aq. ammonia mixed with enough ammonium 
magnesium chloride to give the ratio H 3 BO;,: MgO—1: 2 by weight. After these 
mixtures had been hcatod to redness, and washed with wator, the boric^cid is fixed 
as magnesium borate, mixed with the excess of magnesia. G. C. Wittjitein found 
cold aq. soln. of magnesium salts arc not precipitated by soln. of bora:^iid, as shown 
by F. Wohler, the precipitate formed when the solo, is heated redissolm on cooling. 
Similar results obtain with a cold sat. soln. of borax and an aq. soln. of potassium 
carbonate and magnesium chloride. 0. Popp said that the borates of ammonia, 
the. alkalies, and of calcium form magnesium borate when heated with a magnesium 
salt. 

< J. J. Ebelmcn melted magnesium oxide with an excess of boric oxide, and found 
that the glassy mass loses boric oxide in the pottery oven, and forms on cooling a 
radiating mass of crystals of magnesium orihoborate, SMgO.BjOj, or MgsfBOsj.^. 
W. Guertler obtained similar crystals. H. lo Chatelicr melted a mol of boric oxide 
with 2'.5 mols of magnesia, and floated off the crystals with methylene iodide. 
L. Ouvrard melted at a red heat equi-molar proportions of boric oxide and potassium 
fluoride along with a slight excess of magnesium oxide. The cold powdered mass 
was extracted with boiling water and dil. acetic acid. K. A. Hofmann and 
K, Hoschele made crystals of the orthoborate by fusing magnesium chloride with 
boric oxide. The fine needle-like crystals of magnesium orthoboratc, according to 
E.r Mallard, belong to the rhombic system, and have axial ratios a.b.c 
t=>0-6412:1:0'6494. J. J. Ebelmen gave 2 987 for the sp. gr. L. Ouvrard said 
that boiling water does not attack the crystals, that dil. acetic atid attacks them 
slowly, and that dil. mineral, acids attack them easily. According to F. Wohler, 
,^umMh]dnted mtgneslam otthobonte, Mg 3 (B 03 ) 2 . 9 H 20 , is produced by precipi¬ 
tation from a boiling soln. of magnesium sulphate with a soln. of borax, and washing 
the precipitate with cold water. He also obtained a similar precipitate by boiling 
a som. ofsodium magnesium borate, and C. F. Rammelsberg added that the boiling 
must be continued for a long time, and the liquid filtered hot; the precipitate has to 
be washed with cold water because hot water would withdraw a portion of the 
acid; it is then dried over sulphuric acid. The fresh precipitate is gelatinous, the 
dried precipitate is white and gritty. It is sjjghtly soluble in cold water; the soln. 
’ hw an alkaline reaction, becomes turbid when boiled, and on evaporation leaves a 
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transparent varnish. By a protracted boiling with water, boric acid is withdrawn 
from the salt. 

6. Tammann found the heat of solii, of magnesium metaborate, Mg(BO.j),., 
glass in iV-HCl to be 710 cals, per gram, and of the ory.stals, .'iO eals.j)er gram. 
Hence the heat of crystallization is 120 cals, per gram. The sp, lit. of ho'th ery.stals 
and glass was 0'247. • 

The mineral szaibelyite or horonKignesitf waa hunui liy K. F. iVtors in ntKMllo-likp rryaialti 
and ^raint in the limestone at Werkstlml {Hungary) nml at Vtisko (Krasaosr.tmMiy). Thu 
analyses of A. Stroineyer, and F. Soimnaru^a ivKoa* with the ftinnula :h.'»>M>r().2B|Oj). 
8(or4)HjO ; it is usually repri'swnted hy the foriiiula 1 Ul,(>. The sp. of the 

needles is 2*7,and thatuf the grains, 3‘t>: the hardness is 3 4. S7.ajlM'I,Mle melts a white 
.slag in the blowpipe flame; it is optically negative ; and the index of n‘frae1ion m I-tl5, 
and F. Slavik gave l-fiTS I’tiOO for tin* refractive imlex. It is msttiuhh' in hydro¬ 

chloric acid. The mineral fynlcrmitr was found in the salt deposits at Mount Sainlmco, 
Calaqibetta, Sicily. Its comp<isition correspoiuls with Mg(h4H,(),.411,0, or IKMgH^O,;. 
and it contains adrnixe<l carnallite and hhedito. It is while and gnuiuiur.and is inatle up 
of ininnto rhombic lamiiiH'; it is slightly deliqiiesc4*nt ; mean refnietive index 1*475 ; it is 
partially sohihlo in wn(4>r with an alkalino reaction ; and is retulily sohihle in dil. acids. 

Acconling to W. Guertler, when magno.sia is hoak*d witl) Jin excess of boric oxitle, 
the fused magma separates into two layers, and on cooling, tlu* lower Itiyer forms a 
mass resembling marble. It is not homogeneous because dilTen'nt parts have u 
different ap. gr. If it be treated with water, small crystals of dimagnesium diborate, 
2 MgO.B 2 () 3 , or MgoBo^^s* formed, and the excess of horit* oxide is washed away. 
The crystals are doubly refracting ; they (Ui not dissolve in water, but do .so in a dil. 
8oln. of sodium carbonate. The monoliydrate. 2Mg().lU):j H-db occurs in nature 
as thi^ mineral aschariie discovered hy W. Feit in notlules ol ro<*k suit and kainite 
from Schmidtinannshall. (’. Ochsenius did not lint! a.s< liarite, hut, according lo 
J. H. vau'tHoff, 11. l*n*cht obtained it at Neu-Stassfiirl along with kainite and leonit^*. 
W. Feit supjiosed that ihs formula wa^s 3Mg2llo()5.2H2f), but H. vau t Hoff sliowed 
that it contained rather more water. P. Oroth repre.sentefl it as the normal salt of 
diboric acid : Mg“02- B —0—B—CK -Mg, but J. H. vau’t Hoff regarded it as 
ituignesium hydroxyorthoboraic, Mg—O.,^!!-OH. J. H. van't Hoff obtained it 
from a soln. of boracite at 83“’, or by heating to ITiO" jiinnoite with an a<]. solrt. of 
sodium chloride for 8 day^i. The needle-like crystals are sparingly soluble in j^A'- 
hydrochloric aciil. W. Feit first gave I'B.*') for thi‘ .s]>. gr. of asoliarite, but ufUTwanls 
changed it to 2'4r>. H. E. Boeke gave 2'6r), dried at 1)0’’. and J. H. van't Hoff gave 
2‘70. H. B. Boeke gave \ 'A for the mean ndractive index of the doubly refnicting 
crystals of ascharite. The rhombic mineral cnwsclliie from Douglas liuke, British 
Columbia, has the same composition. 2 Mg<).B 203 .H 2 D, when allowanct* is made 
for the impurities. H. V. Ellsworth and E. Poiti'vin gave for tlie refractive indices 
a=l‘575, and y—1'641>. About 2113 per cent, of the water is lost at 350'. 

W. ^eintz claiiiied to have mofle Halts oorrespoiuling with r)Mg<).4BjOj and with 
7 Mg 0 . 4 B| 09 , by caroful lovigatiou from lh« products ohtaiiMHl in theii* pmeosa for tlio 
preparation of horacito—f*iVfr infra. A. Ditto I’lainied to liave made flat nwKilos of 
nfium tetraborale, 3Mg0.2Bg08, by melting n mol of magnesia with 2 mols of Iwrie oxide, 
heating the product with a mixture of sodium and potassium chloride, and washing out the 
salt. It is soluble in sulphuric or nitric m*id. A. Ditto also inu^lo niNxile-liko crystals of 
magnesium diborate, MgO.B^Oj, by heating the preceding l)ora^ with sodium and potassium 
ohlorides; but neither H. le Chatelier nor W. (hiertlef could prepare this salt, or the 
preceding one. *** 

The mineral pinmite, trihydiated magneaium dibonte, MglBO^lo.SHjO, a« 
yellowiBh coloured crystals, was found by H. Staute in the uppr layers of the 
kainite zone of the Stassfurt salt deposits. L. Lowe and E. Erdmann supposed it 
to be a transformation product of boracite. Analyses by H, Staute, and .1. H. iran’t 
Hoff and 0. Broni agree with the formula just indicated. The latter prepared ft by 
mixing 100 grms. of borax dissolved in iW grms. of water, with 53 gmyi. of hexa-, 
hydrated magnesium chloride in 50 gVms. of water, and warming on a water-bath, 
voi. V, 
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A lurtkt 70grm8. of the last-named salt in 60 grms. of water were added and the 
soln. cone, by cva{)oration. It wM then seeded with pinnoite, and left in a closed 
vessel on a water-bath at 100°. After 5 days bunches of needle-like tetragonal 
bipyramjds were formed, with axial ratios a : c :=1:0’7609. The crystals were 
studied by 0. Liidccke and H. E. Boeke. H. Staute gave 2'27 for the sp. gr.; 
0. Liidecke, 2'37; and H. B. Boeke, 2 292. The hardness is 3-4. H. E. Boeke 
gave <o-=l'565 and t=l'575 for the indices of refraction. The salt readily dissolves 
in warm mineral acids; when boiled with water, an alkaline liquid and a jlocculent 
precipitate are formed. The latter redissolves as the soln. cools. When the 
filtrate is evaporated some boric acid appears. J. H. van’t Hoff has studied the 
paragcKJsis of pinnoite with lowcite, langbeinite, tachhydrite, and sylvite. 

J. J. Ebelmen fused together magnesia and boric acid and obtained in addition 
to the orthoborate, prismatic crystals of magnesium tetraborate, Mg 3 B 40 g, which 
E. Mallard found to belong to the trielinic system, and to have the axial ratios and 
angles « : h :c--=nor>: 1 ; o.-=91° 47', J3=123° 46', and y^77° 12'. 

A. Ditto prepared what he regarded as tetrahydrated vuiynesium diborate, 
MgfBOjlg.lHgO, by heating to over 70° a mixture of magnesia alba and a soln. of 
boric acid sat. at 3O°-40°; the hot filtrate was then heated to a rather higher temp. 
The precipitate redissolves on cooling the soln., but if most of the hot mother liquor be 
decanted, the precipitate forms colourless prismatic crystals on standing a few hours 
at 3“. P. Wohler prepared octobydrated magnesium diborate, MglBOglg.SHgO, by 
heating an aq. soln. of magnesium sulphate and borax till it becomes turbid. The 
precipitate redissolves on cooling, and if kept for some months below 0°, tufts of 
long, slender, transparent needles are formed. H. Rose said that if equi-molar 
parts are used, the precipitate does not have a constant composition. A. Liurent 
made the oc^tohydrate by the action of magnesium nitrate on a boiling soln. of 
Imrax ; and ,f. H. van’t Hoff from a warm soln. of 53 grms. of hexahydrated mag¬ 
nesium chloride and 100 grms. of bonyc in wpter. 0. Popp also made the same 
salt by the action of a boiling sola, of boric acid sat. with magnesia. According to 
P. Wbhier, the crystals become milk-white and lose their water of crystallization 
when heated ; they are not soluble in cold or hot water, but they are readily soluble 
in hydrochloric acid. Boric acid crystallizes from the .soln. in warm hydrochloric 
acid, and ammonia precipitates the salt in fine! needles. • 

A. Ditto reported the formation of tronagneeium oetoborate, SMgO.tRjO,, by heating 
magnesia witli a large excess of boric oxide to a white-heat in a carbon crucible. The neodlo- 
like crystals are soluble in hot dil. mineral acids, but not in acetic acid. Neither H. le 
Chatelier nor W. (inertler could confirm A. Ditto's result, A. Ditto also claimed 
to have made crystals of the hoxahydrate, 3Mg0.4B,0,.6H,0. by keeping for 4 or 6 weeks 
mixed cold cone. soln. of borax and magnesium nitrate, H. lo Chatelier claimed to have 
made dirntyputinm hciaborale, 2Mg0.3B,0„ by melting a mol of bone oxide with 2 h mols 
of magnesia, llje excess of boric oxide was removed by boiling water. If an excess of 
magnesia is used the orthoborate is formed and it can be separated by methylene iodide. 
W. Ouertlor could not confirm the existence of H. le Chatelier’s product. 

Wfihler claimed to have made oclohydrated magnesium hexahorate, 
MgO.SBjOs.SHjO, but J. H. van't Hoff and G. Bruni showed that the salt is probably 
hcptshydiated magnesia hexahorate, MgBeOio.H-iO. F. Wohlerhoiled an excess 
of a sotn.sof boric acid with magnesium hydroxide or magnesia alba, and evaporated 
"^he faltered soln. to the point of erystailization; J. H. van’t Hofl and G. Bruni 
saturated a hot soln. of one part of boric acid in ten parts of water with magnesia 
or magnesium carbonate, ana slowly cone, the filtered soln. by evaporating at 60° 
to 70°. F. W6hler said that when the salt is heated, it loses water and boric oxide, 
and leaves a fused spongy mass. C. F. Bammelsberg found 100 parts of water 
dissolve 1’33 parts of the salt. F. Wdhler found that the aq. sola, has an alkaline 
reaction, and gives up boric acid to boiling water, leaving a residue of magnesium 
• h 3 rdroxide.' Tne aq. soln, does not become tugbid when boiled, and only cone. soln. 
give a precipitate witteaq. ammonia. 
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A. Laurent boiled magneaiura carbonate with an exoeee of a aoin. of borio aoid» and after 
Kparating the cryetale of boric acid from the filtered eoln., obtained oryetala of what he 
regarded as Iriltyiraled magnaiiim odoborale, Mg0.4B,0,.3H,0 j and A. Ditto obtained 
small crystals of the salt by heati^ an excess of magnesia alba to 70** with a soln. of Imriu 
acid sat. at 30*-40“, and evaporating the filtered soln. A. Laurent obtained no preeipitato 
by adding potassium dodecaborate to a soln. of a magnesium salt, but 0. F. Kaiumelslterg 
claimed to have obtained octodecahydrated magnesium dodecaborate, MgO.6B,0j.l8H,0, 
during the preparation of the hexaborato by F. Wdhlor’s prdcoss. 

L. B. puyton de Morveau - obtained an opaque glass by fusing one part of 
magnesia with three parts of borax ; and J. J.Berzeliusstated that magnesia behaves 
like calcium oxide towards fused borax. According to L. Gmelin.the spontaneotis 
evaporation of a mixed soln. of borax with an excess of magnesium sulphate furnishes 
crystals containing boric acid and magnesium and .sodium sulphates which he 
first regarded as forming a quadruple salt, but later showed to be a mixture. 
P. Wohler found that the evaporation of a soln. of magnesia in one of borax furnishes 
small crystals of what he thought to be sodium magnesium borate ; and he obtained 
sodium magnesium decaborate, Na20.2Mg0.5B20,.30H20, by allowing a cold a<]. 
soln. of magnesium sulphate and borax to stand for some months—line needles of 
octohydrated magnesium diborate first appear, and afterwards large crystals of 
the double salt. 0. F. Rammelsberg found that with two mols of borax to one or 
two mols of magnesium sulphate borax first crystallizes, and then the double salt. 
The crystals belong to the monoelinicsystem, and, according to ('. F. Rammelsberg, 
have the axial ratios o : 6 :c=l'1701:1:11200, and ^=112“ 26', and cfllorosce 
slightly in air. They swell up and lose water when heated. 'The ignited mass 
redisaolvcs slowly in cold water excepting a small residue of magnesium orthoborate. 

If a crystal bo placed in hot water, it becomes opaque, and if reduced to powder, 
the interior consists of a viscid mass. The salt is alrout as soluble in water as borax, 
and the soln. is not precipitated by ammonia. When the aq. soln. is heap'd, it 
becomes turbid, dcpo.siting magnesiuin orthoborate, which rediasolves as the soln. 
cools. The salt is readily decomposed by water. 

C. F. Rammelsberg found that an atj. soln. of a mol of pota.saium borate and two 
mols of magnesium chloride furnishes crystals of potassium chloride, and a syrupy 
mother liquid which solidifies P> a crystalline mass. The mineral keiUlxmte Was 
reported by W. Feit in the Stassfurt salts, along with ])innoite and kainiter; according 
to J. H. van't Hoff, it has the composition enneahydrated potassium magnesium 
henadecaborate, KMg 2 Bii 0 ]g. 9 H. 20 , or K 20 . 1 Mg 0 . 11 B 203 . 18 H 20 ; analyses were 
also made by W. Feit, L. Milch,aind 0. Liideeke. J. H. van't Hoff suggested that 
the mineral was formed from pinnoite in contact with a sat. soln. of kainite,and he 
has worked out the conditions under which it is formed, as well as several methods 
of preparation. The simplest method is founded on the observation that kaliborip! 
in water at llX)° is only slowly converted into pinnoite, and that the presence of 
boric acid almost entirely prevents the change. The acid borate of magnesium, 
MgO. 3 B 2 O 3 . 7 H 2 O, was prepared by adding magnesium hydroxide to ^ grins, 
of boric acid dissolved in water, and the soln. was cone, to 7.5 c.c. To this was 
added another soln. containing .TO grins, of potassium hydroxide, and 10 grms.'of 
borio acid in 30 c.c. of water. If the mixture was kept at 100° and stirred 
to prevent the formation of crust, about 13 grms. of kaliborite were obtained. 
L. Milch found the crystals to belong to the monoclinic system, and to hgvs axial 
ratio8o:6;o=l'2937 :1: l'7539,andj3=99°48'. The double refraction is^iositive." 
W. Feit found that the mineral has a sp. gr. 2 06 at 20°; 0. Liidecke, 2109-2129 
at 10°; and L. Milch, 2127 ; J. H. van’t Hoii found the artificial crystals have a 
sp. gr. 2’081 at 25°. The mineral was found by W. Feit to fuse with difficulty; 
to be sparingly soluble in water, forming an alkaline soln.; and to bo very soluble 
in mineral acids. J. H. van’t Hofi and L. Lichtenstein prepared rhombic crystals of 
a compound, 2 K 20 . 2 Mg 0 . 11 B 203 . 20 H 20 , analogous to kaliborite by the fiction 
of a sat. soln. of potassium chloride aijd boric acid on pinnoite at 40°. 'She double . 
borate heitizite, KgMgfBjjOss.llHxO, is also said to occur in (be Stassfurt deposits. 
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The mineral hydroboraeUe, hezshydnted calciom magnesinm henborate, 

CaMKBjOii.SH^O, wa« found by G. Hens in some Caucasian minerals. It occurs 
in foliated and fibrous masses resembling gypsum, but is rather more fusible. It 
is slightly soluble in water, forming a soln. with an alkaline reaction. It is also 
soluble in nitric and hydrochloric acids. 

According to W. Guertliwr* zinc oxide dissolves in molten boric oxide, forming 
two layers; the u)>per layer, mainly boric oxide, readily dissolves in water with 
the formation of a little flocculent zinc oxide, while the lower layer is glassy, even 
if very slowly cooled. Its comjmsition corresponds with sane di- Of metabonte, 
Zril 802 ) 2 . Crystals ari' obtained when the proportion of zinc oxide is raised to that 
correspanding with zinc tetraborate, .‘IZnO.iBoOj, or zinc scMiuibomle, a compound 
descriwd by H. le Chatelier and J. J. Ebelmen. The crystals, according to 
E. Mallard, are isomorphous with those of magnesium and manganese ; and they 
belong to the triclinic system. By melting equi molar pro|)ortions of boric oxide, 
zinc oxide, and potassium hydrolluoride, L. Onvrard obtained prismatic crystals 
of zinc orthoborate, .“IZnO. 1 ( 203 , or Zn 3 (I 103 ) 2 . This compound is decomposed by 
water and is readily dissolved by dil. acids. 

F. Borchers found that boric acid does not react with zinc oxide or hydroxide 
to form zinc borate, although some zinc does pass into soln. Boric acid and zinc 
carbonate react readily. Borax does not give a precipitate when added to a soln. 
of sodium zinc oxide. .1. Tiinnermann, and T. 0. N. Broeksmit obtained a white 
insoluble zinc borate by mixing aq. soln. of borax and zinc suljdiate. The product 
is used in pharmacy (8. Kraus), and in making a cement for gla.ss (R. Luther and 
W. Ostwald). H. Rose said that the precipitate obtained in the cold, and washed 
with cold water, contained principally !)Zn 0 . 4 B 203 .'JH 20 . E. Holdermann added, 
with constant stirring, a soln. of 443 6 grins, of borax in 309 grins, of l.'i per cent, 
sodium hydroxide to a soln. of .blK) grins, of he)itahydrated zinc sulphate in .'i-lO 
litres of water. The jirecipitate w^as washed by suction, and dried. Its 
composition correa])onded with 3 ZnO. 4 B 2 O 3 .H 2 O, or monohydrated zinc octo- 
borste, ZiijBaOij.HaO. A. Ditto (irepared crystals of decahydiated zinc octoborate, 
Zn 0 . 4 B 203 . 10 H 20 , or ZnBg0i3.1()H20, by digesting at 30“ zinc carbonate with a 
sat.*soln. of boric acid, and slowly cooling. A. Rosenheim and F. Ix'yser could not 
make complex salts of zinc pentaboiate, although a soluble .salt was formed. A. Ditto 
also prepared prismatic crystals of tetrahydraM zinc tetraborate, ZnO. 2 B 2 O 8 . 4 H 2 O, 
or ZnB 407 . 4 H 20 , by heating a soln. of the preceding salt to about 1)0°, and leaving 
the piecipitate for some time in contact with the greater part of the mother liquid 
when it grmlually crystallizes; and by boiling zinc hydrocarbonate with a eat. 
soln. of boric acid- the jirecipitate padually crystallizes in the course of a few days. 
The product is soluble in water with decomposition and liberation of boric acid; 
if rejieatedly washed with water, zinc oxide remains as a residue. 

F. Borchers found that the jirecipitate obtained by adding borax to a soln. of 
a zinc salt is very variable, owing to hydrolytic changes. The equilibrium 
condition is assumed to be fB 207 "]lH 20 ' J^Zn "]=K[HsB 03 ] 2 [Zn(B 02 ) 2 ]. The 
largest yield is obtained by adding a cone. soln. of a zinc salt to a sl^ht excess of 
a sat. soln. of borax. Supersaturated soln. or solid borax give higher results. An 
excess of the zinc salt diminishes the yield by forming complex ziUc salts ; neutral 
salts afcoalirainish the yield; magnesium chloride, for instance, prevents precipitation 
■•tompletely. If the hydrolysis of the borax is checked by adding boric acid, the whole 
of the borax and even part of the boric acid may be precipitated by the zinc salt. The 
precipitation is rendered more complete if a small proportion of sodium hydroxide 
IS present. E. Biischer said that if a soln. of 20 parts of borax and 60 parts of zinc 
sulphate be mixed at 6O°-60°, the white precipitAte of basic sulphate is free from 
borate ; but if a soln. of zinc sdphate be poured into an excess of a hot soln. of borax, 
the white voluminous precipitate of zinc borate is free from sulphates. By dis- 
• solving the precipitate in ammonia, and mixing the liquid with a soln. of boric acid 
in aq. ammonia, am^ adding alcohol,*£. Biischer obtained rhombic prisms of 

a 
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baxahydnted i^c ietnunmino-ietraborat^, 4Zn0.2B2(^.4NH3.6H20; the mim 
compound waA obtained by evaporating a soln. of 20 parts of basic zinc carbonate 
in acetic acid, saturating the liquid with ammonia, and adding 38 parts of boric 
acid dissolved in aq. ammonia. The crystals w'parate when alcohol is added. The 
crystals decompose in air, but may be preserved under ammoniacal alcohol. They 
are soluble in aq. ammonia, and acids. • 

F. Stromeyer prepared a cadmium borate, with 27 9 jwr cent, of boric jxide, 
by mixiqg soin. of borax and cadmium sulphate. The white powder is sparingly 
soluble in water. According to H. Hose, the ])rccipitate ])roduied in the cold con¬ 
tains rather more l>oric oxide than with liot soln., and in tlie latUT cast', the prt‘8Bed, 
but not washed, precipitate has the (•om]M)sition.'KVl0.2Bjj03.3H20. W. fluertler 
obtained similar results with cadmium oxide and fused boric oxide, as when zinc 
wxide was used, and he thus prtq)ared cadmium di* or meta-borate, CdfBOslj., or 
Cd().B203, melting at 875® 1>5®. He believed that this salt can be obtained in two 
differtmt modifications by annealing the glass at 830°'-870® or at ()70®-69()''. 
L. Ouvrard obtained ]>rismatic crystals of cadmium orthoborate» SCdO.BotX). or 
Cd3(B03)2, by the method u.sed for the corresponding zinc salt. A. lloseiiheim 
and F. Leyscr made cadmium pentaborate as in the case oftlu' zinc salt. 

J. Tiinnermann ■* believed that the preeijutatos he obtained by mixing soln. of 
Jiiercurous and mercuric salts w<*re re.spectively nirrcuroua ami mm'uric ItotnleH, 
but A. (jfosHjnann showed that neither compound is formed. A hot soln. of l)()ri<’ 
acid ilissolves no mercurous oxide, doi's not give a precipitate with soln. of mercurous 
nitrat<*, and if evaporated with mercurou.s nitrate may be extracted from the dry 
residue with alcohol; borax gives a precijiitatc of basi<‘ nitrate, free from boruU's 
when added to a soln. of mercurous nitrate. J^roducts free from borates ani also 
obtained, according to H. Hose, by rubbing together mercuroUH nitrate and borax, 
and also, according to K. F. Anthon, by adding a soln. of borax previously neutralized 
with boric acid to a soln. of mercurons nitrate. Mermiric salts behave .similarly, 
A soln. of ammonium borate acts on mercury salts like aq. anunoiiia. M. G. Levi 
and 8. (’astollani obtained no sign of a nicrcury borate by the electrolysis of a soln. 
of boric acid in the cathode cell and a soln. of a mercury suit in the anode cell. 
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§ 13. The Borates ol Aluminium, Thallium, and the Elements ot the Rare 

Earths 

Thu evkloaco for the cxiateiicc of definite aluminium borates is very unsatis¬ 
factory. Alumina wa.s found by W. Guertler > not to be particularly soluble in 
molten boric oxide; and, accordinj. to J. J. Ebelmen, alumina mixed with boric 
oxide is not altered when heated in a pottery oven, but with borax the alumina 
is chan((ed to corundum. E. Mallard represented J. J. Ebelmen’s product by 
the formula 3.\l.,Oj.Bj,Oj, or (AlOjsBOs, and found the rliombic cry.stals bad the 
axial ratios mb: c - tl ilTl: 1; O CT'J. L. Troost and P. Hautcfouille found that 
alundna is volatilixed when lieated in the vapour of boron trichloride. E. Fremy 
and F. Fell found that an aluminium borate is formed when boric oxide is heated 
with aluminium fluoride ; F. Wohler and H. St. C. Deville showed that aluminium 
borate is for;ned alonj. with the boride when boric oxide is heated with aluminium; 
the borate is decompo.sed by water. 

(!. Tissier showed that alundna does not dissolve in an aq. .soln. ot boric add ; 
and A. Ditto found that alnminium hydroxide docs not dksolvo, but takes up boric 
acid, forming AI 2 O 3 .B. 2 O 3 when the product is dried. C. Tissier found a precipitate, 
it; produeod when a soln. of an aluminium salt is treated with a soln. of boric acid 
which has been neutralized with borax. According to H. Rose, when borax or 
sodium metahorate is added to a cold aq. soln. ot potash alum, a precipitate contain¬ 
ing some ab.sorhed soda is produced; this is removed by washing with water, and 
the product dried at 100 ° had composition varying between 2 Al 2 O 3 .B 2 O 3 . 5 H 2 O 
and 3 A 1 . 203 . 2 B 203 . 81 I 20 . There is nothing here to show that a definite aluminium 
lairate is formed, and F. Jean and E. Reichardt, A, Ditte, and J. Martenson found 
that the precipitate obtained by adding borax to a soln. of aluminium salt is com¬ 
pletely hydrolyzed to aluminium hydroxide when thoroughly washed. 

P. W. Jcrcmejcfl 2 obtained from Ncrtschinsk, Siberia, masses of crystals of a 
basic aluminium borate to which A. Damour ascribed the formula (Al 203 .Fe 203 )B 203 , 
baaed on the analysis: B 2 O 3 , 4019; AI 2 O 3 , 55 03; Fe 20 s, 4 08; K 2 O, 0 70. 
P. Groth ascribed to it the generalized formula AlO.BO,. The duter portions of 
these'• iqpsses are hexagonal crystals, called jerenwj^e, with axial ratio 
•o: 0=1 .•0 68351, and the interior consists of rhombic crystals, called eichmddite, 
with axial ratios a:b: c=0'6623:1:0'5434. The sp. gr. is 3'28, the hardness 
6-.5 I ami the index of refraction 1-64. The optical properties of jetemejeffite ate 
anomalous, and were examined by P. W. jeremejeff, C. Klein, and R. Brauns. 

The mineral rhodizUe —from in allusion to its colouring a flame red— 

is likewise a basic aluminium potassium borate. It was obtained by G. Rose 8 
in miAute white crystals on red tourmalines from Sarapulsk, and Schaitansk neat 
, Keitharimnburg; A. Lacroix found cry^Jals at Bity, Antandrokomby, and 
Munjaka, in Madaga^ar; and L. Duparc, at Ampakita in Madagascar. The first 
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of the followiog asalyses, by A. Oamour, rcfera to a sample from the Urals; the 
second, by F.' Pisani, to a sample from Antandrokomby; and the third, by 
A. Lacroix, to a sample from Bity ; 


B,0, 

AI^Oj 

BeO 

K,0 

N«,0 

Ll,0 

810, 

littas on iirnitioti. 

\Vnt*T. 

3393 

41-40 

— 

12-00 

1-62. 

— 

— 

2-06 • 

ft.V40 

40-60 

30-60 

10-10 

6-90 

3-30 

7-30 

1-30 

0-46 

99-61 

41'6ft 

30-70 

10-36 

6-06 

3-38 

7-36 

— 

0-46 

100-00 


The first one also had 0 74, CaO ; 0 82, MgO; 1'93, FcO. A, Uamour represented his 
results by K 2 O. 2 AI 2 O 3 . 3 B 2 O 3 ; F. PLsani, by 4(Li, K, Na, H) 20 . 4 Be 0 . 3 Al 202 , 6 B 203 ; 
andP. Groth gives the generalized formula, potassium aluminoborate, ( AI 0 ) 2 K(B 02 )j. 
The crystals belong to the cubic system. The sp. gr. is 3'4ir); the hardlfess is 8 , 
for the mineral scratches topaz. The index of refraction, according to L. Dupare, 
is 1'6895 for the Li-light, _1'6935 for the Na-light, and l'696r> for the Tl-light. 
E. Bertrand, C. Klein, R. Brauns, and J, Beckenkamp have studied the anoniolous 
double refraction. The crystals fuse to an opaque glass when heated in the blow¬ 
pipe flame ; they dissolve in fused borax, or mierocosmic salt; and they dissolve 
with difficulty in hydrochloric acjd. 

C. H. Burgess and A. Holt,t and W. Guertler found thallium oxide or carbonate 
dissolved in fused boric acid, forming a clear glass, or a (Tystalline solid. M. Ifebber- 
ling obtained no preeipitab’ on adding a soln. of borax to a cone. soln. of tliallous 
salts; but W. Crookes found that boric acid and tliallous carbonate, or borax and 
thallous sulphate, give a white granular precipitate insoluble in cidd dil. sulphuric 
acid, and soluble in boiling water. H. Buchtala ]irepared thallous tetraborate, 
TI 2 B 4 O 7 . 2 H 2 O, by crystallization from an a<j. soln. of a inol of thallous carbonate 
and 1 to 4 mol.s of boric acid ; it is also formed by fusing a mol of thallous car- 
bonaU' with 6 mols of boric acid, extracting the cidd mass with waU-r, and allowing 
the soln. to crystallize. The tetraborate is here uccompanied by more thallous 
hexaborate, Tl 2 BjOio. 3 H. 2 (). If nfore boric, acid is used, say 8 mols, a mixture 
of the hexaborate and thallous decaborate, Tl 2 B,„ 0 ie.Hll 20 , is formeil. Thallous 
octoborate, Tl 2 B 80 , 3 . 4 H 20 , and thallous dodecaborate, Tl 2 Bj 20 ,a. 7 ll 20 , arc formed 

when a mol of thallous carbonate, is dissolved in an excc.ss, say 10 mols, of ap aq. 
soln. of boric acid. The dodecaborate also form i twinneil monqclinic crystals of 
a ])entahvdrate with axial ratios, aci'ording to R. Scharizer, <1 : 0: c --I'oSd : 1 :1 'bfi.'i, 


and (3—94° 2.5'. A. Rosenheim and F. Is'yser 
made thallous pentaborate. Thallous meta- 
borate is formed by evaporation from an 
aq. soln. of the, perborate, 'riie, colourless 
wedge-shaped crystals have the composition 
TiB 02 . 4 H 20 ; they become dark red on 
exposure to air. G. Canneri and R. Morelli 
found that the fusion curve. Fig. 29, of 
mixtures of thallous oxide and boric oxide 
has three maxima corresponding with 
thallous metaboratc, TIBO 2 , m.p. 472'; 
thallous pyroborate, TI 4 B 2 O 5 , of m.p. 434“; 
and normal thallous borate, TI 3 BO 3 , of m.ji. 
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370° with decomposition. * 

The metaborates of the rare earths have been discussed by W. Guertler,® 


A. E. Nordenskjold, 0. Holm, etc. According to N. J. Berlin, boric acid gives with 
neutral and acid salts of ytterbium a white precipitate of ytterbium borate, whieh 
readily attraets carbon dioxide from the atm. J. J. Berzelius found that boric 
acid precipitates white flocculent thorium borate when added to a soln. of a salt of 
that element; the precipitate is insoluble in an excess of boric acid. .G. Karl 
treated an aq. soln. of thorium nitrate with a hot soln. of borax until a permanent 
precipitate was formed; this was wished and dried at 400°-Ei00‘. The compositioh 
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of tlio uiiiorphous white mas» corresponded with thorium orthobOMte, ThafBOjh. 
It is decomposed bv water. W. Guertler could not make a thorium borate by 
fusine thoria with boric oxide on account of the very sparing solubility of the 
thoria. A. E. Nordenskjbld reported the formation of a basic lanthanum borate, 
2 La.a 0 ').B 203 , by fusing borax with lanthanum oxide in a pottery oven; but experi¬ 
ments to prepare didi/mium bortUe in a similar way were not satisfactory. W. Guertler 
obtained lanthanum metaborate, LafBOjlj, by crystallization from slowly cooled 
soln. of lanthanum oxalate in boric oxide. The upper layer is mainly hope oxide. 
W. Guertler found that when boric oxide is fused with cerium oxalate, in a stream 
of carbon dioxide, two layers are formed ; the upper greyish-brown layer is a soln. 
of cerium oxide’ in boric oxide, and the lower dark brown layer, when allowed to 
devitrif/, furnishes cerium metaborate, Cej, 03 . 3 B.i 03 , or CefBOjls; neodymium 
metaborate, NdfliOjla; praseodymium metaborate, Pr(B 0 . 3 ) 3 ; and gadolinium 

metaborate, Gd(BO.>)i), are produced in a similar way. P,T. Clcve said that samarium 
dissolves in molten borax, forming a toj)az-like glass from which, when saturated, 
microscopic mica 4 ’eous scales separate. When the powdered glass is treated with 
dil. hydrochloric acid, samarium metaborate, SnilBOjla, remains. The borate? is 
soluble in hydrochloric acid, partimdarly when heated, so that the isolation of-the 
crystals requires care. The s|). gr. is G'OIH at l(i’4^. W. Guertler found erbia 
and yttria to be in.soluble or only very sparingly solubh’ in boric oxide. According 
to W. (Irookes, scandium hydroxide sullers virtually no (diange when triturated with 
a soln. of boric acid, but a .slight combination occurs when the mixture is boiled. 
A mixtun? of boric oxide and scandia forms a clear liquid when fused at a bright 
red heat; and after lixiviation of the cold mass, a white microcrystalline powder 
remains. Analyses correspond with scandium orthoborato, SCBO 3 . 
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§ 14. The Borates of Tin, Lead, and Zirconiom 

C. F. Wenzel ^ found that a soln. of stannous chloride given a white priM ipitate * 
vhen treated with borax. According to M. Kaatz, the precipitate^ in a mixture 
)f stannous hydroxide and boric acid, and it is not obtained in soln. feebly acidified 
with hydrochloric acid ; and the boric acid is removed from the aasuined stannous 
borate by washing twice with water. A. (•. Campbell lK)iled stannous chloride with 
bydrochloric acid and tin to ensure that all was <‘onverted into stannous salt; he 
then added sodium carbonate until a permanent pn^eipitaU' c<mimeneed to form ; 
the mixture was then treated with enough borax to convert all the tin into sfunnows 
bwa/e. The precipitate was found to n^main unaltcn‘d after 12 hrs.’ exposim' to 
air, and he therefore n‘conupcnded it to b«* used in the preparation of standard 
soln. of stannous salts. W. Gucrtler found that in his tttt<*nipts to make stiinnmm 
boratts the product dec()mf>osed into tin, stannb* oxide, and boric oxide. 

0. H. Burgess and A. Holt, and W. Guertler found stannic oxidi* to be insohible 
in inolU'n i>oric oxide. Th(‘ rare mineral wmicnskioUlim’ wuv,foiind in rhombohedral 
crystals by W. (’. Brdgg<*r in the pegmatite, veins of the Isiaml (d (irons-Ard south 
of (/bristiania, Norway. An amphil»ole from Ru.scuIh, Lake On<-ga. was named 
nmlen'ikioldile by Kenngott. The colour of W. Brdgg^'i’s min<‘ral is yellow, its 
sp. gr. i.s 4’2ib and its hardness, dj to (5. Its analysis corresponds with caloiUBl 
stannic borate, (.'aSidBOal^, or I^'SS probably Ca(B(>) 2 Sn 04 . The stannutr formula 
is prtderred by P. (Iroth, but W. C. Brdgger saul that the cry.stalline form is against 
that assumption. The triagonal crystals were found by W. (’. Brdgger to havi* 
the axial ratio a: c~l:0'8221, and a -U)2'' bH'. L, Ouvrard synthesized the 
mineral by heating a mixture of calcium U'traborate an<l stannic oxide in a stream 
of hydrochloric achl; or by pa.s.sing the vapour of stannic chloride over the red- 
hot borate. The colour of the niincfal is yi’llow. L. Ouvrard’s pn‘])aration forms 
colourless transparent hexagonal plat<*s. The sp. gr. of the mineral is 4'20, that of 
L. Ouvrard's preparation is 4*8 at 1")°. The hardness of the mineral is d'b-fi’O. 

L. Ouvrard made the {‘orresponding strontium stannic borate, and barium stannic 
borate. 

M. Faradayfound thatafuw'd mixtim* of 112 ])artsof lea<l oxide and 24 of boric 
acid forms a soft yellow glass of sp. gr. G*4, which softens on immersion in lK>iling 
oil, and is blacktmed by hydrogen 
sulphide; if 72 parts of boric acid 
are used, the glass is colourless, as 
hard as (lint gla.ss, and possesses a 
high refracting power. Accx)rding 
to W. Guertler, mixtures of boric 
oxide and lead oxide melt, forming 
clear glasses, which, on cooling, 
may furnish emulsions. The phe¬ 
nomenon is analogous with that 
observed with. mixtures of say 
phenol and water (1.10,3—Fig. II); 
and the temp, at which an emulsion 
of lead and boric oxides is produced 
is shown m Fig. 30. Mixtures con¬ 
taining between 0 (KX)8 and 0 0725 eq. of (Pb0)3 per eq. of B^Og alone show 
this turbidity durbg cooling, and the two legs ac and he are solubility curves 
respectively of lead oxide in boric oxide and of boric oxide in lead oxide. At 
temp, exceeding c, clear glasses are produced and the two oxides arc mutually 
soluble in all proportions. Mixtures with more than 0 072r>(Pb0)8.Bo03 furnish^ 
cleat glasses on cooling. The glasses^aro either colourless or tinged family yellow ;* 
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Fio. 30. - Solubility Curve of Loa<i lUxide in * 
Boric Oxide. 
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they are insoluble in water; and are decomposed by hydrogen sulphide. There 
is here no sign of the formation of definite lead borates. A few I4ad borates have 
been reported as precipitates formed by double decomposition, but so long as 
chemical analyses alone are available there will be doubts as to the chemical 
' individuaKty of the observed products. 

According to J. Tiiunermjinn, if an excess of borax be added to lead nitrate, at 
ordinary temp, or boiling, a white precipitate is obtained containing PbO.l'SBjOg; 
while if the borax soln. be mixed with enough boric acid to give it an acid reaction, 
a white precipitate is formed containing Pb 0 . 2 ' 6 B 203 . G. Rose reported that 
hydrated lead metaborate, Pb(B 03 ) 2 .H 30 , is formed as a white precipitate when 
a soln. of borax and a neutral soln. of lead nitrate are mixed in the presence of aq. 
ammonia. H. V. Thompson obtained the same compound. The white powder is 
insoluble in water and in alcohol, but soluble in nitric or acetic acid without 
decomposition. The salt is decomposed by sulphurip or hydrochloric acid ; and 
by the alkalies. Lead metaborate melts to a colourless transparent glass. Water 
is given off at about 120°, but the anhydrous salt is obtained at about 250°. 

S. Motylewsky found the drop-weight of fused lead metaborate to be 185 mgrms. 
when that of water at 0° is 100 ; and the drop-weight of the molten borate to 
be 185 mgrms. when water at 0°“100. H. Becquerel gave for the index of 
refraction I'TSO; and he found the molten borate exhibited magnetic rotation of 
the jdanc of polarized light. J. Rosenthal found the compressed powder did not 
conduct electricity at 340°, but it does so as the glass softens— vide glasses. 

T. W. B. Welsh and II. J. Broderson found that lead metaborate is soluble in 
dried hydrazine, and that the soln, conducts electricity badly, forming a black 
deposit on the cathode. 

A number of basic lead borates are produced by mixing soln. of sodium borate 
and lead nitrate. The basicity depends on the temp., on the cone, of the soln., 
and on the amoiint of washing employed. II. Rose thus reported the salts 
PbO : B 1 .O 3 : HjO- 2:1:2; 4 : 3 : ,5 f U : 3 18 ; and 6:5: 6 . These represent 
different stages in the hydrolysis of lead horate, and they are probably mixtures 
and not compounds. Some polyborates have also been reported. E. Soubeiran 
obtained teteahydrated diplumbic hexaborate, 2 rbO. 3 B 2 O 3 . 4 H 2 O, by precipitation 
from a boiling.soln. of an excess of borax mixed with lead nitrate ; the white 
(wwder lost half of its combined water between 180° and 200°. H. V. Thompson 
working with cold soln. obtained only Pb(B 02 ) 2 .H 20 . T. J. Herapath said that 
the compound fuses to a colourless glass, and he claimed to have prepared tetia- 
hydiatw load tetraborate, PbO. 2 B 2 O 3 . 4 H 2 O, by boiling cither of the preceding 
salts with an excess of soln. of boric acid. He added that 3 mols of water are 
lost at about 220°. H. V. Thompson could not find any definite compound to 
be formed by T. J. Herapath's process. H. le Chatelier also claimed to have made 
anhydrous lead hexaborate, Pb 0 . 3 B 203 , by fusing together lead carbonate and 
boric acid, and treating the cold product with water to remove the excess of boric 
oxide. H. V. Thompson verified this result. According to L. Kahlenberg and 
W«J. Trautman, lead borate gives a black slag when heated with silicon. 

W. Quertlcr t found that silica and zircouia are insoluble or only very sparingly 
soluble in molten boric oxide ; and there is no evidence of the formation of a silicon 
borate^ot^ol a zirconium kyratf- F. P. Venable and T. Clark found that zirconia 
..does notglissolve in molten borax, A white precipitate, possibly a basic zirconium 
borate^ insoluble in water, is produced when borax is added to a soln. of a zir¬ 
conium salt. Cerium and thorium borates have been discussed in connection with 
the rare earth borates. 
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§ 15. The Borates of the Arsenic and Chromium Families 

According to W. Guertler,^ the oxides of arsenic, antimmy, biHinuth, tungHlen, 
vanadium, molybdenum, und uranium dissolve in fused boric oxide more or less 
.sparingly, and on cooling, the oxide may separate from tlie jnelU'd mass, forming 
an emulsion. H. llo.se noLni that hismutli oxide readily dissolves in molten borax, 
forming a glass which witli a little bismuth oxide is yellow when hot, and colourless 
when cold ; with more bismuth oxide, orange-red when hot and yellow and opaque 
wlien cold. h. Vanino and F, Hartl found that when a borate is added to a soln. 
of bismuth nitrate and luanniL*, a whiU* precipitate of dihydrated bismuth ortho- 
borate, BiBO;j.2H2G, is formed. According to J. J. Berzelius, bismuth borate is 
sparingly solub!(‘ in water; according to L. Vanino and ¥. Hartl, it is stable towards 
potassium hydroxide, and iKitas-siipn iodide, ami is immediately decompow'd by 
hydrogen sulphide. 

According to J. J. Berzelius, a soln. of vanadyl sulphate gives with borax 
a greyish-white ])rocij)itat(* of vanadyl borato insoluble in water and soluble in a 
soln. of boric acid, forming a blue soln. wliich becomes green on exposure to aip, and 
is decomposed by hydrogen sulphide. A. Guyard melted tog<‘ther vanadic and boric 
acids, and obtained a pale green glass of vanadium borate soluble in water, from 
which solvent it can be erystulliz«‘d; but the aq. soln. is unstable, and some 
hydrolysis occurs. 

Molten borax was found by H. Rose, M. Land(*ck(‘r, and L. Weiss to dissolve 
columbic oxide, forming a clear glass which is colourless in both the oxidizing and 
reducing flame. A. G. Ekeberg, and L. Weiss and M. Landecker found tanUilic oxide 
dissolved infused borax, forming a colourless glass very sparingly soluble in water. 

According to A. Moberg,* sodium metaboratc or tetraborate gives a jialc blue 
chromus boraie when added to a soln. of chromous chloride. The precipitate is 
soluble in free acids, but not in an excess of the precipitant. N. J. Berlin obtained 
a blue precipitate by adding borax to a soln. of a chromic salt, the precipitate is 
soluble in an excess of the precipitant. M. Hcbberling found that borax gives a 
greyish-green chromic borate, 7 Cr 203 . 4 B 203 , when added to a soln. of a chromic 
salt; if the soln. of chromic salt and borax is mixed wkh ammonia, an([ the excess 
of ammonia is expelled by boiling, the precipitate contains less boric* oxide, the 
smaller the excess of borax in the soln. C. Tissier mixed a chromic salt soln. with 
a large excess of boric acid, and added as much borax to the boiling soln. as was 
necessary to neutralize the acid of the chromic salt; he found that chromic oxide 
was precipitated. A. A. Hayes found that ammonium hydrodiborate, (NH4)H(B0.3)2, 
gave a pale green precipitate with an aq. soln. of chromic chloride ; and A. I^aurent 
found potassium hexaborate gives a green precipitate. A. Itosenheim and F. Leyser 
made a complex chromium pentabt^ftte. • , 

J. J. Beraelius * obtained a dark grey precipitate of rru^ybdoue boraie on adding 
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a soln, of borax to a raoJybdous salt soln. The precipitate is biaci when dried; 
it i« ins(fluble in water, but sparingly soluble in a soln. of boric acid. A reddish- 
yellow precipitate of tnohjbdic bortUe is produced when ammonium borate is added 
to a soln. of molybdie chloride ; molybdic hydroxide dissolves in a soln. of boric 
acid, producing a yellow soln. which, on evaporation, solidifies to a jelly and deposits 
the normal borate, J. J. B^'radius also showed that a boiling aq. soln. of boric 
acid dissolves molybdic acid, and when the latter is in excess, produces a viscid 
liquid. The soln. becomes turbid when cooled, and when the clear filt<^ed liquid 
is evaporated, colourless crystals an; deposited-- thought to be horomolybdxc acxd. 
These crystals are decomposed by alcohol into molybdic and boric acids. 
C. W. %hcelc found that fused borax dissolves tungstic oxide, forming a clear glass, 
which wlien overloaded with tungsbui becomes brown or white. 

Although boric acid has a marked tendency to form complex salts, it forms well- 
defined heteropolyacids only with tungstic oxide, th** so-called borotungstates. 
J, D. Klein ^ matlc a borododccatungstic acid, B 2 O 3 .i 2 WO 3 .nH 2 O, by the method 
employed by J. 0. G. de Marignac for hydrosilicododecatungstic acid. D. Klein 
also reported borotungstic jicids of the composition B 2 O 3 .i 4 WO 3 .nH 2 O and 
B 203 . 9 W() 3 . 24 H 20 , which he called respectively acide ImUuwjsivjue and acide 
iupxfHtofmviur. H. Copaux considered tliat both these acids are mixtures of respec¬ 
tively ((iH 20 .B 203 . 28 W 0 :,) 56 JJ 20 , and (. 5 H 20 .B 203 . 24 W 03 )(iIH 20 . D. Klein made 
the former by treating the sodium salt witli mercurous nitrate, decomposing tlic 
product witli l>y(lro(4iloric acid and nunoving the mercury with hydrogim sulphide ; 
and tlic latter was made in a similar manner from the sodium salt, or by the action 
of dil. sulphuric acid on the barium salt. H. Copaux made what he regarded as 
6 H 20 .B 203 . 28 W() 3 .r) 6 H 20 , or H 6 B. 1 W 23 O 03 . 56 H 2 O, by mixing soln. of sodium 
tungstate and boric acid in boiling water; decomposing the jiroduct with a mineral 
acid; and extracting the complex acid with ether. The small hexagonal prisms 
have the axial ratio a:c ~l: (>‘D03 ; and on exposure to air they become yellow. 
A soln. of boiling water soon decomposVs the acid with the .separation of tungstic 
acid. A. Rosenheim showed that the analyses agreed with the assumption tliat 
the acid is eniieabasu; hydroborododecatungstic acid, }l 9 [B(W 207 )(jl. 22 H 20 , and 
this^ras confirmed by A. Rosenheim and J. Jtinicke. 

,A. Bosoiihoim and J. Janioke proparod the acid HafB(Wj0,),].28H,0 by dissolving 
lOU grins, of Hodium tungstato and 150 grins, of Iwric acid in 400-500 e.e. of boiling water, 
and boiling the soln. until a sample treated witli hydrochloric acid gave no precipitation 
of tungstic oxide. The cold sidn. was separuh^d from the boric, acid and sodium Ijorato by 
suctioh ; mixed with 70 grins, of boric acid ; and com-, over the naked flame. The cold 

soln. was again separated fromthecrystalsb) siulion.and washed with 5‘ff>er cent, sulphuric 
acid. Tho liquor was then shaken with 2 to 3 times its vol. of 33poi'cont. sulphuric acid and 
ether. 'Hie oily liquor is dissolved in cold wat4ir, and tho soln. allowed to stand in vacuo 
over cone, sulphuric ai id. A good yield of crystals is thus obtainod. 

According to A. Rosenlieitu'and J. Janicke, the oclocosihydraU’, HiilB(W 207 ) 8 1. 
28H2(), begins to melt at 45°, and at 51° it forma a clear liipiid. Soln. of this acid in 
dil. gitric acid give only the octocosihydrate. and the soln. rapidly decomposes with 
tho separation of tungstic acid : but soln. in cone, nitric acid of sp. gr. 1‘4, furnish 
a white crust of microscopic crystals of a decnhydrule, H 9 |B{W 2 O 7 )g*J. 10 H 20 . 

H. fopaux also obtained the acid 5 H 20 .B 203 . 24 W() 3 . 61 H 20 by treating the 

solo. U 8 c{ in the preparation of the preceding mother-bquid acid with barium 
carbonate, and decomposing tho barium salt with dil. sulphuric acid. The tetragonal 
octahedra have tho axial ratio atc-^l; I 010 ; and they are isomorphous with 
silicotungstic acid. They arc stable in dry air, but decx)mpo 8 e in moist air. H. Copaux 
said the acid is |)entabasic ; A. iiosenheim, enneabasic, H 9 [B(W 207 ) 6 ]. 22 H 20 , and 
the latter hypothesis was confirmed by A. Rosenheim and J. Janickc. H. Copaux 
consideied these acids to be different hydrates of one acid, but both acids are 
obtained frqm the same soln., and the octocosihydrate is not converted into the 
dooosihydrate by heat; A. Kosimheim inferred that it is more likely that the 
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docosi- and (be octocosi-hydratea are isomeric forms. The one is called iioli;rdzo- 
borododeoatnn^C acid, HJ^B(W 207 ), ],32H20, and other hydroborodoiiecatunjfstic 
acid, Ha[B(Wj 07 )sl. 28 H 20 ; their coni|)o 8 ition can be represented by co-or<li- 
nation formulas: 


H, 

H[\V,0,\^ W,0,]H 

w,o, 

I.I 

H. 


H, 

• ‘ w a' 

H[\V,(>, W.O,]H 

ll.[Ui(), W,(K|H7 

' H 


For W. and 1). Aseb's hexite theory of the cssuatitution of the borodoiieea- 
tungstic acids, vide silicotungstic acids. 

D. Klein prepared an ammoniuiii borotungstate to winch In' assigni'd tlie 
formula 2(NH4)20.flW03.B203.1i)H.20 by thi' action of ammonium sulphate on the 
barium salt; and H. (lopaux, one of the com|)osition .'j(NIl4)20.2'tH30.B.j03.52ll20 
by the action of dil. aq. ammonia on the frci' a< i<l. and evappraling the soln. in air. 
The observations of A. Itoscnheim and co-worki'ra inilis ate thatt he salt i.s amino&itun 
uotetrahydroborododecatungstatc, (NH4)3N4|B(W207)oJ.»H2(>. The retragonal 
crystals have the axial ratio a : C”1: l OKi; and they are isomorphous with the 
free acid. The crystals are stable in dry air, but deliquescent in moist air. 

H. (Joj)aux made a lithium salt by a process analogous to that employed for 
the ainmunium salt, and from the observations of A. Rosenheim, it is probably 
lithium uotetrahydroboiododecatungstate, LisHJBfW^O, lj.nH. 2 O. It forms tri- 
elinic crystals with axial ratios a: 6 ; c- 1'62'J ; 1:0'748, and a='J 8 '’ 4', 
^=102“ 2', and y= 8 (i° 10'. The cry.sta !8 are stable in dry air, but deliquescent 
in moist air. 1). Klein reported three soilium borotungstates with 
NajO : WO 3 ; B 0 O 3 : H 3 O =2 :14 ; 1 r2'J ; Ir 9 ; 1 :28 ; and 2 : 'J ; 1; 12. K. Ehen- 
husen also obtained the 2 :14 :1: 29 salt. According to H. Copaux, the |j; 24 :1; 35 
salt can be obtained by a similar process to that employed for the ammonium salt, 
and from A. Rosenheim's observations, it would api)ear to be sodium iSOtetrahy^O- 
borododecatungstate, Nar,If 4 LB(W 307 )e]. 15 - 5 H 20 . It forms moiioclinic crystals 
stable in air, and with the axial ratios a:0: e' Il lOl : 1 :0,569, and |8-;-97° 1 J'. 
According to A. Ro.senheim and H. Sehwer, sodium tetrahydroborododecatung- 
state, Na 5 H 4 [B(W 207 )(J. 27 H 20 , is obtained by treating a soln. of the acid with the 
calculated amount of sodium carbonate*, and evaporating the liquid on a wat('r-bath 
and then over cone, sulphuric acid. The crystals are isomorjihons with those of 
sodium metatungstate. The loss in water at dilferent tc'mp, is: 


no- i-ac 11(1 ms’ :i(se 

Molar loss . . . 27 27 27 2S 28 


showing that two of the 29 mols of water arc constitutional. The e(|. conductivity 
at 25” when an eq. of the acid is contained in »> litres of water is ; , 

e .... 32 (i4 128 I6« ■ BI2 1024 

A . . . ^ . 183-9 I960 203-2 213-6 22.‘5'2 236 2 

and Ajojj—A j 2=51-3 corresponding with a pentafiasic salt; but thi^ neutrali¬ 
zation curve obtained with progressive additions of O'lN-NaOH, to 
^N-Na 8 H 4 lB(Wj 07 )e ].27H30, and sp. conductivities in reciprocal ohms: 

C.O. Xjy-NaOH .0 1 2 2'* 346678 

Hoc. ohms . . 3-064 2-606 1-96 1-684 1-664 1-89 2-02 2-22 2 48 2-62 

has a minimum corresponding with at least two mote replaceable atoms of hydrogen. 
The guanidinium salt, (CN 3 Hj) 3 Hj[B(Wj 07 ) 3 , is hexabasic; but enncabasic Baits 
have not been obtained with ceftainty. D. Klein reported potassium saltd 



no 


INORGANIC AND THEORETICAL CHEMISTRY 


with Kj0:'W03:B203:Hj0=b:14:l:23; 2:12:1.18; 4:12:1:21; and 
2 :9 :1: 13 ; and K. Ebcnhaaen, 5 ; 23 ; 1; 34. H. Copaux reported potassium 
trllvdtoborododscatlingstaie, K 3 H 3 [ 6 (W 207 ), ]. 21 H 30 , according to A. Rosenheim’s 
formulation. The white hexagonal microscopic prisms were obtained by crystallisa¬ 
tion from a soln. containing a mol. of the acid and less than 6 mols of potassium 
carbonate. The salt is complftcly decomposed by boiling alkali-lye. He also made 
potassium isototr^droborododscatungstate, KjHiiBlWaO^ljJ.lSHsO, according 
to A. Rosenheim’s interpretation. Hexagonal jirisms were obtained by an analogous 
process to that employed for the ammonium salt, The hexagonal prisms have the 
axial ratio a : o=l: 0*652 ; the crystals are optically negative, and have the rotatory 
(tower ^=14“, The crystals lose a mol. of water on exposure to air. D. Klein 
reportefla silver boTotutU)slale with 3 AgoO.i 4 WO 3 .B 2 O 3 . 7 H 2 O, A, Rosenheim and 
11. Schwer made silver isotetrahydroborododecatunf^te, AgjHJBiWoOjla J.TlIjO, 

as a white crystalline precipitate by adding an aq. soln, of the sodium .salt to one of 
silver nitrate. The existence of the normal salt Ag„[B(W 207 )() was not proved. 

D. Kli’in re[)orted a calcium borotungstat(‘,2CaO.!)\V03.B203.15H20, and H. (,'u- 

paux re[)orted calcium isotairahydrobotododecatungstate, Ca 5 {H 4 [B(W 20 j)jJ| 2 . 

44 H 2 O, according to A- Rosenheim’s hyitothesis. The salt is made by saturating 
the free acitl with an excess of calcium carbonate, and evaporating the liquid. The 
triclinic crystals have the axial ratios o: it: c.= 1 * 3.57 : 1 : 1*524, and 0 = 82 ” 20 ', 
^=101" 42', and y.=94° 44'. D. Klein made a stronlium sail, and a sodium 
barium soli .* K. Ebenhusen also reported a barium .s.alt. H. Copaux made tetragonal 
crystals of barium isotetrahydroborododecatungstate, Baj J HJBfWaOjjj ] [ 2.,54H20, 
according to A. ilosenheim’s inter|)rctation. The axial ratio is o : c^l": 1*077 ; 
another salt re(>orted with 6Ba0.24W03.B203,58H.2o probably contained admixed 
barium tungstate. 

D. Klein reported maipiesium borolumjslale, and H. Co|iaux obtained 
iloubly refracting crystals of mamesium isotetrahydroborododecatungstate, 
*'tgsiH 4 [li(W 207 ) 3 ]! 2 . 42 H 20 , according to A. Ro.senheim ’8 views. The soln, 
crystallizes badly at ordinary temp, but better at 40°, D. Klein reported a 
zinc brrrolumjslate. in rhombic needles, and the sat. aq. soln. has a sp. gr. 3*15 ; and 
K. Ebenhusen gave for the ratio ZnO : WO 3 : 8 . 303=2 : 9 : 1 , D. Klein likewise 
leportcd codmiupi borotumjslale, 2 Cd 0 , 9 W 03 .B 203 . 18 (or IblHjO, to be formed by 
traating the barium salt with cadmium sulphate. According to 6 . Linck, six of 
the 18 mols of water are combined. The crystals are dimorphous ; the rhombic 
form has the axial ratios a-.b: c=l*3331:1: 1*1383; and the triclinic form, 
0 : 6 : c=0*6261:1: 0*4398, and a=l*14° 56', ^=92° 42', and y =94° 57'. Eight parts 
of water dissolve more than 100 parts of the salt at 17°, and the sp. gr. of the sat. roln. 
at 15 6 /4 is 3*2887 ; and at i6*2°/4°, 3*2868,—it is the so-called KleirCs solution 
TOO in the separation of minerals. The optical properties of the soln. were studied 
by G. W. A. Kahlbaum and co-workers. The index of refraction at 20° is 1*5781 
for the H.-line.; 1*5836 for the D-line; and 1*5980 for the H,-line. The dispersion 
IS therefore /ii,=0*0144. The crystals are pleochroic and effloresce readily. 
At W only traces of water ate expelled; at 150°, 12 mols arc given off; and the 
remainder at a red heat. H. Copaux made oad^um isotetrahydroborododeca- 
tunptate, Cd 5 jH 4 [B(W 307 )j| 2 . 51 H 20 , according to A. Rosepheim’s theory. The 
tnohniQ,c^stals are stable in«air. D. Klein reported mercurous borododecatunff- 
^(Uc to be formed as a yellowish-white precipitate when the potassium salt is treated 
with mercurous nitrate ; he also re|)orted mercuric boroiungstate. H. Copaux made 
merontona botododeoatungatate, formulated Hgj;B{W 207 ),]. 12 * 5 Hj 0 , by treating 
sodium bototungstate with mercurous nitrate; the precipitate is washed with 
water containing mercurous nitrate, and dried in air. The same salt was made by 
A. Rosenheim and H. Schwer. 

D. Klein Mported aluminium borolungitate, 2A1,0,(«W0,.B,0J,.66H,0; iidymium 
Vrenmgeleilet in coee-red ootahedra; cen'um dutrotunfilate ot indeftnite oompoei- 
Uonj (Adfiium toreittngrtafc, 2n,0.9W0rB,0,.6H,0 j chromium borotungtlalt, 
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»cid: andt>amid«m6<>r(XM»i(;*«Xe. 3y,0,(B,O,.»WO,|,.iUB,u , u 1^0 tn-stitiii 

oPhO «WO. B.0..12H.0, in two formn: ono, in rhombic crjwtnia. uy in^uiig 
'ZS’4rh?e!rc Aa;o; aid’another, by rcoporotion ^ h« 

*!“?? *r.& 29^7 pa t, at 19 6», id M6 parta at 21-8». O. W. A. Kahibaum and 

"ergive for tlitio. of refraction at 20- ij; > 

for the Nadine. D. Klein obtained ”^i®‘ ill, h£‘a aJS. gr. 

S-Ml^Viln*! ^th 2*61*8 °lwP. 2 “ 9 m!"“Tw"a!’ kSilbaum 

sp. gr. of a sal. Boln. at i5‘75 /4 la 2 ^5 , ,,- V4946 for the orange He-lino; 

These preparations want repeating. 

According to C. F. Rammelsberg,* the dark green precipitate which borax forma 
with uraniul tetrachloride aoln. is almost wholly uranoua Mroxidc ; J »• B'^bU r 
obtained a pale yellow utanyl Me by treating a tiranyl salt aoln. with borax. It 
ia sparingly soluble in water. 


Rbfrrencks. 

1 M. Landecker, VnUr>ucU^<n ULr dir fj" 

?,r;,93^: I'^n 6".; fiMsr a: 

1906; A. Guyard, Ball. ,f;*'";’f^’’,??‘^332‘'l'848 ; A. A. Ilsyes, Afner. Journ. Snemr, 
TraJ^Ch^l.'i 33,18W i a’. Ketenbeim arf bj-7l8T8i^fiy."di?ri()l*i«26^ .369. 

■ J. J. BerMhus. * , •’ ,'. ’ „. 33 534 1330 . (; \v. Bchcele. J>e principik 

1826: 7. 261. 1826 ; F. Mauro. Bull. hoc. Chim., (2). so. oo^. le™. 

loptVfis pondcrosi. Upsala. 1781. chim. Phi/ii., {H), il. ilT, 1909; Bull. 

< H. Copaux. Oompl. Be^., 147. 973. 1908 A„„. , _ ,, 423^ 

Sm. CAim., (4). IS. 324. “T*'™ 239’ 1912; 101. 236. 1917 ; A. Rosenheim and 

1911; A. Rosenheim and J. .lameke.ji., 77. 231 191^. ^ ^ j 33 ,. 

H, Schwer. 16 .. M. 224. 1914 ; .‘I . ,21 S3. 466 1880; (2). 84. 23. 1880 ; (2). 

BuB. Soc. Ckim., M. W. 1^ : • ^ ’1882; Sur Im ofidM horduugtlviua, Paris. 

35. 12. 1881 ; (2). 86 . 17. 647. ml ; . 0 ^ ^ _ ,j_ 

1883 ; BuB. I«. 1881 - ^ rfic BcMndigkeit der Anionen 

416 . 474 . 498 , 1070. 1880 ; 93. 318 492. 1881 i(„rowo(/r«*«<s, Bern. 1906; 

der Hetero^ysdarca. Berta. ’®’* > ^ 2-0 CAero., 29. 229.1902 ; 0. Linck. Zeit. 

G. W. A. Kahibaum. K. Koth. and P. cki^Tphm (4). A 66.1864; W. and 1). A^h. 

KryB.. 12.442.1886; J. C. G. ^i’i^iXrlin^S 1911; Tendon. 97,1913. ^ 

Die sakate in cUmu^ and 126 ’1842 ; 69. 1. 1843; J. B. Richter. 

• C. F. Rammelsberg, Bw-dn», 66. 318JM2, 60. >«s. »» ^ ^ 

Veher die neueren OegenMnde der Chymie, Breslau, 1. 1. n»i, »■ so, row, 

402, 1804. 


116. The BonRes ol Manganese and ol the Iron and Platinum Familiw 

According to J. J. ^ 

manganese, and the L-p^itm Waterdecompoia the pre- 


presepce 01 a magneaium ea.e p.e observed eimiUr results with 
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alkali (li- and tetra- borates decompose manganese salt soln. slowly and incompletely, 
while A. Laurent stated that jiotassium hexaborate gives no precipitate with man¬ 
ganous salt soln. C. Tissier stated that manganous hydroxide is soluble in a boiling 
soln. of Wirie aeid ; and if a manganous salt be treated with an excess of borax, 
heated td boiling, and then treated with sufficient borax to saturate exactly the 
aeid of the manganous salt, (jll is dissolved. II. Endemann and J. W. Paisley found 
that in the presence of water, the reaction between borax and a manganous salt 
soln progresses until the ratio of MnO : 8,^3 in the soln. is as 1 : 3, and the precipi¬ 
tate contains a little acid borate. The soln. oxidizes in air. According to 
W. N. Hartley and If. Ramage, a bulky ))reeipitate was obtained by adding a .soln. 
of mawani'si! sulphate slowly to a soln. of borax at about 22 'A° until only a small 

3 uantrEy on the former remained undeeomposed. The preeipitate was washed bv 
eeantation, and when dried in vacuo over sulphuric aeid it furnished a bulky 
brownish-white powder. Analyses corresponded with monohjrdrated manganese 
tetrahydro-orthoborate, MnHifBOje.HeO, or MnO.BoCa, ;iH„ 0 ; if dried at ino" 
Ihe composition is MnIf,(B(t,).^: 

The reaction is represented Na 2 B 40 ,-f 2 MnS 04 -|-. 5 H 30 ==Na 2 S 04 -f H„S 04 
-|- 2 Mnli 4 (BO,|) 2 ; at 221 '', the mother liquid retained 6-26 grins, of MftHjfB’Ojlj 
per litre. The same compound was produced by treating borax with sodium 
hydroxide and manganese sulphate, Na 2 B 4 () 7 -l- 2 Na 0 H-|- 3 H 20 -l- 2 MnS 04 e=: 2 NaijS 04 
-(• 2 MnH 4 (B 03 ) 2 ; at l.b“, the mother liquid retains 209 grins, of MnH 4 (B 0,)2 
jier litre. 


Twenty grins, of borax and 4'2 grms.of caustic soda were dissolved in water and the soln 
was boded for an hour to effect I lie comhiiiation of tlio haae and tlio salt. The soln. was 
then cooled, dihitod to about 8(K) c.e., and miqigoneso sulphato soln. added until on 
^tlng the motlier liquor with borax soln., a slight precipitate appeared. When 32 c c 
hail bwn added, there was no preeipitate, but wlieu 1 c.c. more iiad been added, a white 
procqulate slowly formed, Tlie quantity of MnH,(BO,), in tlie mother liquor was deter- 
mined Manganese sulphate, added to the mother liquor, also caused a precipitate, showing 
that the mangiiuose borate was less soluble in the soln. thus produced. It was remarked 
that the precipitate m the manganeso sulphate soln. oxidized much more rapidly than in 
Uie Kiln containing an excess of borax. The precipitate retains sodium slUphate with 
considerahlo tenacity, and when the quantity of sodium sulphote is decreased by washing 
of purity **'" eoiniiound oxidizes much more quickly in tho greater stoSi 

W N. Hartley and H. Ramage measured the loss of water which occurs when 
the salt IS heated to different temp,, and they found breaks which they interpret 
to mean that the following compounds are produced : MnH 4 (B 03 ),.H ,0 at 22 ° • 
at 170° : MnB 204 .| 5 fH 20 between 19,')° and 220° • 
MnBjGa.IHaO at 225°; MnB 204 .|Hj 0 between 295° and 305° ■. MnBoOi H«0 at 
a red heat; and MnfBO-^la when the salt is partially fused. They also found that 
thesSolubUlty of the borate in water containing a “ mere trace " of the borate is 
0-94 gtm. MnHifBOjla per litre at 13-3°; O-.bO gnu. at 44°; and 0 08 grin, at 
W i showing that the borate is less soluble at 80° than at a lower temp., and there¬ 
fore, njsngsiiese borate is.depp 8 ited from a soln. heated to 80°, The phenomenon 
uattribiSed tothe dehydration of the monohydrate at 80°, a change completed at 
ITO when the salt is heated in air. Soln. containing 0'266,0 084, and 0 046 grm 
of sodium sulphate per litre between 16'5° and ‘17°, dissolved respectively l- 6 o’ 

1 76, and 1'54 grins, of the borate per litre. Soln. with 20 grins, of sodium sulphate 
pet litre at 18'5°, 40°, 60°, and 80° dissolved respectively 0’77,0-65,0 36, and 0T2 grm. 
of borate per litre ; soln. containing 20 grms. of sodium chloride per litre dissolved 
at 18 a”, 69°. and 80°, respectively 1-31, O dO. and 0'29 gtm. of the borate ; and soln. 

grms- of calcium chloride per litre dissolved at 17'6°, 43 °, 61*^ and 
80 , Kspectively 2'91,^2'44, 2'26, and 1'35 Jrms. of manganese borate per litre. 
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Mangaueau borate is used in the preparation oPdrying oils, and oil varnishes^ 
Large proportions o! calcium sulphate as impurity have been reported. 

C. W. Scheele * noted that fused borax dissolves manganese oxide, forming a 
’ colourless clear glass which becomes opaque on cooling, A. Itesonheim and F. Lcyser 
made complex manganese peDtaborate. Manganese carbonate was.found by 
W. Gucrtler to dissolve rapidly in the fused acid with the evolution of carbon dioxide. 
The molten soln, separates into two layers; the upj)er colourless layer is mainly 
boric oxide, the lower layer is dark brown. The powdered mass after extraction 
with water furnishes crystals of manganese tetraborate. MUO. 2 B 2 O 3 , or AlnU 407 , 
and the compound shows some analogies with the corri'sponding strontium and 
calcium borates. H. Endemann and J. W. I'aisley obtained pentahydrated man¬ 
ganese tetraborate* MnB^O^.bH^O, by triturating an aei<l manganese bortte with 
a little water and the calculated proportions of boric acid, and drying the product 
in air ; it was also obtained by adding sodium hydroxide to a soln. of borax so as 
to furnish 4 mols of NaB 02 , and mixing the product with 2 mols of manganous 
chloride. The precipitate was washed and the right amount of a soln. of borii' acid 
added to convert the precipitate into JInBjOr, and the product was dried in air. 
If dried just below I2u°, trihytoated manganese tetrabqrate, MnB 407 .,' 51 I.. 0 , is 
formed. Thi.s product when mixed with water hardens like plaster of Paris. It 
loses all its wati'r at a red heat, and loses a little boric oxide as shown by its becoming 
superficially brown. 

L. Ouvrard prepared manganese orthoborate, MuslBOjlj, or SMnO.BjOa, by 
; heating manganese sulphate or chloride with equi-molar proportions of potassium 
' hydrotluoride and boric oxide. The needle-like crystals are pale brown and, 

I according to E. Mallard, the rhombic, crystals have, the axial ratios a :l>: v 
j -4V6511; 1:0'5311. J. J. Ebehnen obtained the same compound, and he. also 
I reported manganese sesquiborate, 3 Mn 0 . 2 B 203 , which E. Mallard said forms 
rhombic crystals with axial ratios » ; l>: C“-1'K873 ; 1: 2 012 ; but \V. (luertler 
thinks that this product is more probably dimanganesc diborate, 2 Mn 0 .B 202 . 
W. Gucrtler also prepared manganese di- or metaborate, Mn(B 02 ) 2 , or Mn 0 .B 203 , 
by fusing together cq. quantities of the components. W. N. Hartley and 11. Rainage 
made this borate by heating manganese tetrahydro-orthoborate to incipient fuijion. 
G. J. Brush described a mineral aumcxke, found in the zinc mine at Sussex, New 
Jersey. G. J, Brush’s and S. L. Pculield's analyses correspond with (Mn, Mg, 
ZnjH.BOs, or [(Mn, Mg, ZnjOHJBOo. 

0,0, .MiiO .M«0 /.no 11,0 

! 32-UO 3U09 lli-47 3'2t 'JOB 


The mineral occurs in fibrous masses coloured white or yellow; the sp. gr, is 3'.12 ; 
and the hardness 3. It is soluble in hydrochloric acid. The mineral ‘pimkiolUe, 
was found by G. Flink in the manganese, mine at Langbanshyttan, Sweden, and 
named after vtcdaioe, a small board, and \t 6 us, stone. Analyses by G. Flink, 
and H. Backstrom correspond with (MgOla.BaGj.MnO.MnaOs; W. G. Brbggcr 
assigns to it the formula MgzO.MnO.BOj, or Mg 2 O.MnO 2 .BO 2 . , 


0 < 


Mg-O—B-0 
Mg—0—Mn- 0 


The rhombic plates have the axial ratios o: 4 : c-=0'5i33fe : 1; 0 58807 ; Ihe sp. gr. 
is 3'881; and the hardness 6 . The mineral is dark brown, almost black. It is 
almost opaque in the direction of the c-axis; dark reddish-brown in the direction 
of the 4-axis; and reddish-yellow in the direction of the a-axis, Dil. acids have 
very little action. It is soluble in cone, hydrochloric acid. 

J. Percy * fused mixtures corresponding with FeO ; B 2 O 3 , 3FeO: BzOs, 
3PeO: 2 B 2 O 3 , and 6 FeO: BzOj, and obtained brownish-black vitreous pioducts, 
but no evidence of the formatbn of definite borates. C. W. Scheele jriepared a 
pale yellow powder of lenoof b<na(6 by double decomposition with borax and a* 
voi. V. 
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ferroUB salt aolii.; J, Tiinneriiiann likewise obtained a green product. It was 
fusible before the blowpipe, and hydrolyzed by water. W. Guertler could not make 
ferrous borate by fusing ferrous oxide with boric acid, oxidation always occurred 
even when the fusion took place in a stream of hydrogen. The product separates ' 
on cooling into two layers. The upper black layer is a soln. of iron oxide in boric 
oxide; the lower layer eontajned cry.stals of 2 P'c 0 . 2 Fe 203 . 3 B 20 j. J. Percy heated 
liiixtiires eorresijoncliiig with FcijOj.B^Qi and FcjOj : SRjOj, and obtained vitreous 
products hut no evidenc<‘ of coiuhinatiou; part at least of the ferric oxide was 
rcduciul to a lowi’r oxide, H. Ros(! obtained a voluminous yellow insoluble pie- 
(ujiitate of ferric borate by the action of borax on a soln. of a ferric salt. The 
colour ^larkiTis wlwn it is heated. G. Rousseau and H. Allaire prepared cubic 
crystals of ferrous chloroborate', hFeO.HlIiOa.FeClj, by jrassing the vapour of ferrous 
chloride over iron wire and calcium Iwratc in a stream of carbon dioxide at 330°. 

'J'lu! dark green mineral ludwiqite is a magnesium ferric borate; specimens from 
Morawitza were deserilaul by G. Tsehermak, A. Veszely, ,1. E. Whitfield, and V. von 
/S’pharovieh ; W. T. !4< lialler described a sumjdo from Pliilipsbury, Montana The 
last-naiiuul representad its composition bv Fe 0 .Fe., 03 . 3 Mg 0 . 132 () 3 ; J, J. Ebelmcn 
syntlu'sized a related product of sp. gr. 3 H,5 by mefting together 26 grms. of ferric 
oxide, 20 grms. of magnesia, and 2.6 grms. of boric oxide. It is possible that a 
magnesmiii ferrmmguesium borata, MgO.Fe,() 3 . 3 MgO,B 2 t) 3 . and a ferrous ferri- 
inagnesium borate, FeO.lAvOa.d.MgO.B^Oj, are in isomorjihous admixture. The 
ideahaul com|)ound is also regarded us a magnesium boxatoferrite, MgjO.FeO^ BO, 

1 he rhombic crystals have the a.xial ratios « : b: c -O-yas : 1: - E. Mallard also 
measured the prism angles A. F. Renard made observations on the crystals, 

Ihe sp gr, IS .'i-DOT d OKi; and the hardness is 2. 0. Tsehermak found that 
ildwigite me ts to a bla<-k magnetic slag, ('old dil. hydrochloric acid slowly dissolves 
the fine, powi er while the warm acid acts raj.idly ; sulphuric acid also dissolves the 
niinerai slowly, forming a green soln., and, according to F. Berwerth, ludwigitc is 
convertad into liinomte. A. 8 . Eaklc also found black jirismatic crystals of a 
mineral at Riverside tuliforma, and they calk'd it vemniilc. Its structure and 

slFrlfelO B o'nr n I- .'■■'>"‘l'»'‘<ition approximates to 

J(F*, M^)() BoOj I beO.I'eoOj. 1 he imiu'ral is either rhombic or monoclinic with 
he mxia ratios p: ; e (I'Tb.bS: 1 :--the sp. gr. is .1'21, and the hardness 5. It is 
(jMit-t solubio 111 hyilrochlorK’ or Huljihurif acid. 

W. Oiicrllet 5 melted a mol of cobalt with 3 niols of boric oxide, and obtained 

oxide , the lower layer furnished violet ueieular crystals which could be isolated by 

•dv! OB (T‘‘ o corresponded with cobalt diborate, 

-i.'OU,U. 2 U 3 . or ( ojUjOs. L. Ouvrard also made a lompound with the same comiiosi- 
tioii by treating cobalt eliloride with a mixture of c.jui-molar proportions of boric 
oxiilo and potassium hydroHuorido. The violet prismatic crystals were isolated bv 
washing with water. E. Mallard assumed the existance of 3000.28,0,, isomornhous 
OH B '-;»"™l'«n<iu>g magnesium compound; and when the latter was shown to be 
JMjjU.BjOa, the, former was taken to be best represented by 2CoO.B,0, L Ouvrard 
also niade rose-violet crystals of cobalt orthoborate, SCoO.BjO,, or Co,(BO,), 
by using less boric oxide than was employed for the preceding. E. Mallard said 
that the rhombic crystals, baye the axial ratio o:6=0'641. A, Rosenheim and 
F.U 78 er.mude complex cobalt pentabotate. A, Ditto made decahydratcd cobalt 
to^borato, C 0 O. 2 B 2 O 3 .IOH 2 O, by mixing a cold soln. of borax with one of a cobalt 
salt; and dodecahydrated cobalt octoborate, Co 0 . 4 B 203 , 12 H, 0 , in rose-red 
crystals; by evaporating a sat. soln. of cobalt carbonate in boric acid. H Rose 

tetrahydrated tticobalt tetraborate, 

3toU,2B2(^.4H80, to be formed when a soln. of borax is added to one of a cobalt 

on n Amagnerium borate, 

, 2 B, 03 (UO.MgO),, which 18 obtamed in tricllnic crystals from a molten mixture 
of the eomponento, J J. Ebelmeu's 2{Co0.1gO),BjO, is assumed bv E. MaUard 
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to b« isoinorphoUB with 2 C 0 O.B 2 O 3 and 2 Mj! 0 ,Bj 63 . R. Tupputi oirtaiiicd a pain 
apple-green powder by adding borax to a soln. of a nickel salt; the precipitate is 
insoluble in water but soluble in the three mineral acids. J. J. Berrelius said that, 
the product fused to a hyacinth-coloured glass. According to W. Gucrtlcr, nickel 
oxide behaves like cobalt oxide towards fused boric oxide, and he obtainfd ciyalala 
of dinickel diborate, 2 Ni 0 .B 203 . 1,. Ouvrard ohtaijii'd green crvstals of nickel 
oithoboiste, dNiO.BaOs, or NijfBOjlj; of hexahydrated nickel tetraborate, 
NiO. 2 B 2 Q 3 . 6 H 3 O; and of decahydrated nickel octoborate, Ni 0 .iB 3()3 KiH.O, 
analogous to the cobalt borates. 

Soln. of rhodium salts give a pn'cijiitate—probably rhodium borate— with 
sodium borate. . , 
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§ 17. Perboric Acids and the Perborates 

The existence of perborates was demonstrated by A. ^tard ^ in IHHO; by 
mixing a sat. soln. of boric acid and hydrated barium jieroxide, he obtained a prod uct 
which possessed oxidixiug properties, liberating chlorine from hydrochloric acid, and 
giving oxygen with dil. acids. In 18J8, 8 . M. Tanatar produced sodiun^ i>erborate, 
by tl^ action of hydrogen dioxide on a solo, of sodium ortho{forate. F. G. MelUcofT 

$ 
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HuU L. Piusarjewsky in lii98 prepared, the potansium and sodium salts. PcrboT^ 
acid itsell has not been made. L. Pissarjewsky said that at 25° aq. soln. of boric 
acid and hydrojfen peroxide do not combine, but in ethereal soln. and an excess of 
hydrogen peroxide, the partition cociT. of boric acid increases a little corresponding 
with the formation of free perboric acid in the etheral soln. As a typical perborate, 
consider ordinary sodium pQTborate, NaB 03 . 4 H 20 . P. G. Melikoff and L. Pissar- 
jewsky made it by treating a sat, soln. of borax containing an eq. amount of sodium 
hydroxide with double the amount of hydrogen peroxide required for the production 
of the perborate. After some time, crystals of the salt separate: Na 2 B 407 
‘t-2Na()II+4H202~ 5H20-l-4NaB03. 

Aeetrding to F. U. Kuhrumiin, tho iuiroducttoii of catalytic metallic compounds in the 
Uqui<l is iivoidtnl by using wooden vats and stirrers, and all metal pipes, taps, etc., ore well 
tinned. Tho product is l)ost soparuted from tho mother liquid centrifugally; and the salt 
Is dried hy passing it through iu\ apparatus where it meets a current of air which may be 
heated to 50®. 

The two modern methods used in tlic manufacture of sodium perborate are : 
(i) the interaction of so<lium dioxide and sodium metaborate ; and (ii) electrolytic 
methods. Hiiikel et Cie. Hugge.st the uuto*oxidation of uq. soln. of borax and lime by 
means of aluminium amalgam in a current of oxygen. J. Bruhat and H. Dubois 
obtained it by adding alcohol to a soln, of sodium orthoborate with twice the calcu¬ 
lated quantity of hydrogen peroxide. 0. T. Christensen cooled a soln. of 62 grms. 
of boric a<‘id in 500 of water, and added 87 grms. of sodium peroxide in small 
portions at a time so that the temp, did not rise over 30°. Next day, 45 grms. of 
crystals of the perborate separated out. G. P. Jaubert added enough mineral acid 
to a soln. of perborate to neutralize about half the contained alkali, and crystallized 
the soln. 

8. M. Tunatar stated that perborates arc produced at tho anode during the 
electrolysis of cone. soln. of sodium orthoboratc, but E. J. Constam and J. 0. Bennett 
did not confirm this. J. Bruhat and If. Diibow, however, confirmed S. M. Tanatar’s 
observation, and E. A. Pouzenc^ pabmted a process for making sodium perborate 
by electrolysis. The mechanistn of the electrolysis has not been established. 
8. M. 'I'anatar as.sumed that tlic borate is oxidized by the hydrogen peroxide formed 
at thii anode. , Tlie hydrogen peroxide; would be j)roduced by the discharge of 
GlP-ions contained in the soln. of sodium orthoborate.. E. J. Constam and 
J. C. Bennett objected that the soln. of hydrogen peroxide under such conditions 
is too dil. for the conversion of borates to perborates. The latter objection does not 
allow for a possible local cone, of the hydrogen peroxide at the anode sufficient for 
the purpose. E. H. Reiscnfold and B. Reinhold could not obtain hydrogen peroxide 
by electrolysis of soln. of sodium hydroxide, but they did obtain it in the presence 
of potassium hydroxide. The Fredrikstad elektrokemiskc Fabrik claims that in 
the preparation of perborates by the usual electrolytic process, a large percentage 
of oh'ctrical energy and borax is wasted, only highly purified borax can be used, 
and it is diiUcult to maintain a constant and continuous production. The last- 
named disadvantages are overcome by adding sodium cyanide to the borax soln. 
This prevents the decomposition of the perborate formed in the soln. When the 
soln. is sat., sodium peroxide is added, and the perborate then crystallizes out. 
Tho Deutsche Gold- und SUberscheideanstalt add fluorides or'perchlorates to 
increase the anode potential. The subject has been investigated by T. Valeur, and 
P. C. Alsgaard. K. Arndt’s electrolytic process is as follows: 

A soln. of 40 grme. of borax and 120 grma. of anhydrous sodium carbonate is elec^lyzed 
between a platinum gauze anode and a cathode made of tin tubing bent in a zigzag form 
round the anode. A current of water is circulated through the cathode, whereby tlie temp, 
is kept below 18®. A current of 20 amps, at 6 volts is used with an anode 8x6 cms. After 
an hour the current is stopped a!\d the soln. cooled, when about 20 grms. of sodium perborate 
separate out in small crystals. Thoso are washed with a tittle ioe-oold water and dri^. A 
somewhat better yield can be obtained if 0*1 gnn.<pf sodium ohromato and 1 drop of turkey- 
red oil are added to the soln. For the preparation of soln. of sodium perborate for bleachii^ 
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purposefl» it is recommended thst the anode should i>6 snu'ureti with vnsollno. In Ou’sn 
clrcumstoncus, a yield of 27 grins, per litiv tan bo very oflkiontly obtaiueil. 


Sodium perborato forms traiisjiaront monorlinic prisms of tlm ttlralnjtiralf^iiinl. 
according to J. Bruhat and H. Dtibois, if the tctraliydrate be drieib it funii-shes thi' 
imnohydraie, and in vacuo, over phosphorus pentoxide, the anhydrous salt* is fornu'd. 
F. Forster prefers to regard the tetrahydratc as a salfr, Nali0o.H«02.3H«0, than as 
NaB08.4H20. When the salt, after dehydration at fiO '-5r'", is furtlier heated at 
120* in awacuum, it loses water, and the residue, which evolves oxygen on treating 
with water, consists chiefly of (NaB0o)20o with some NallOo. llj.0 lOid inetalxirate’ 
This compound, (NaB02)202, has properties whicli differ from tliose of NaBOjj, 
and this tends to imply the existence of a substitution jiroduct of hydrogen juToxide 

of the composition ONa.B<C^,analogous to persulphates and percarbonatea. This 


is confirmed by the fact that sodium perborate has been electrolyti<-ally prepared. 
Sodium perborate, obtained by the action of hydrogen peroxide on the UH'taborate, 
behaves as the salt of an acid of greatiT strength than boric acid. The salt is slahle 
in air; and G. F. Jaubert stated that the salt is not alTo('ted by atm. carlion dioxide, 
whereas, S. M. Tanatar found it is rapidly de<“omposed by that gas. The solubility 
of the salt in water has been measured by P. G. Melikolf and L. Pissurjewsky, 
S. M. Tanatar, and G. F. Jauliert and G. Lion. The latter found that KK) e.c. of 
water at 15* dissolve 2^55 grms. of the tetrahydrated salt at 21", 2 tW grms.; at 20", 
2 85 grms.; and at 32", 3‘78 grms. J. Bruhart and H. Dubois found that th<‘ 
solubility i.s increjwed in the jiresenee of boric tartaric or citric acid, or of glycerol, 
while G. F. Jaubert and G. Lion found that the solubility is increased in the. preseiu o 
of small proportions of magnesium and ammonium sulphates. G. F. Ja\ihejt 
noticed that the temp. Is lowered when the salt is dissolved in water, and H. M. Tanatar 
gave —11'504 Cals, for the heat of soln. in water at lO l"; and - H'950 Cals, for the 
heat of soln. in JjV-sulphiiric acid at 17'29",; so tliat tin' heat of deeomjiosition of 
the dissolved salt by sulphuric aciil is 2 G11 (‘als. 

The aq. .soln. has an alkaline reaction, and it is .stable at ordinary U‘m(>. 
L. Pissarjewsky measured the distribution coefT. of liydrog<‘n peroxide between a<j. 
and ethereal soln. of borates, and found the relative con(\ of the borates in the ether 
phase increased in conformity with the assumption that the soln. contains pcrlwrates. 
He further showed that at least G(> per cent, of the [>eroxide oxygen in an aq. soln.7)f 
sodium perborate, at 25*, is hydrogen jieroxide ; and at this temp, he inferred^that 
sodium perborate does not exist in aq. soln., but hydrolyzes: Na 02 B 0 -f-K 20 
--Na02H-f-HB02; and in accord with the experinumts of II. T. Culvert, he assumed 
that the sodium hydroperoxide thus formed liydrolyzes into hydrogen peroxale and 
sodium hydroxide. The latti'r unites with the boric acid so that the. aq. soln. contains 
sodium borat<‘-, boric acid, sodium hydrojicroxide, hydrogen peroxide, sodium 
hydroxide, and traces of sodium perborat/'. At lower temp., sodium perborat<‘ is 
formed, Na 02 H-f-H 0 .B 0 ~H 20 j-Na 02 Bf), in increa.Hing proportions the lower the 
temp., 80 that at 0° only .sodium perborate is preH<‘nt. This is in agrecunent with the 
measurements of E. J. Constam and J. C. Bennett on the electrical i-onductivit^ of 
an. soln. of sodium perborate. The conductivity at a dilution32 is 30'7, and for 
>■=1024, 40T,^othat, according to Ostwald's rule,’ the acid is monobasic, and the 
formula of the sodium salt is NaBOj, and not Na2H20flr H. Menzel measured the 
effect of hydrogen dioxide on the f.p. and electrical conductivity of soln. of firthohoric 
acid, and on soln. of alkali metaborate, and borax. He also measured the partition 
coeff. of hydrogen dioxide between amyl alcohol and aq. soln. of potassium meta- 
borate. For the equilibrium (B02.H202)'?^B02'-f-H20, where [(B02.H202)']X 
-[^^ 2 ^ 1 ^ 202 ], he found /C=0 024 at 0*. and 0'033 at 18°; for HB02-f H 2 O 2 
(BO 2 .H 2 O 2 )', he found [HBOglHgOglK -[H lffBOa.HgOa)'], 
K=2 x 10“8 at 18°; and for HB 02 e«iH'•fB 02 ^ fHBOalA^HpOj;], K 
—5'7xl0“*® In cone. soln. of met»boratea and bttrax to which hydrogen dioxide, 
has been added, there is a great reduction of alkalinity #nd affinity due to the 
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fiiriiiation of foniplcx ai iih, a fart whirfi cxijlains tlie I'volutimi of carbon dioxide 
from luixiuroK of Iwirax and hydrocarboiiat^* on the addition of hydrogen dioxide. 

The hvdroIvHW of th*- iMThfirati* in a«|, koIii is in ugn*ement with th(‘ (■onstitutioii 
and the nation: O ; i B{<HI);H HO.OH. h. Boas- 

hard and If. K. Zwirky do not agree witli this. Tliey found that when a Holn. 
of an alkali perl>orate i.H gentjy distilled under presri. at .■| 0 ”-G 0 , or in a stream of 
dr}' air free from earlion dioxide, no hydrogen |K*roxide i.s found in the distillate , 
wat^T is lost, and the percentage of active oxygen in the residui* increases. They 
infer that in perborates the active oxygen cannot Im- represenb-d as hydrogen 
peroxide of crystallization, and that Hodiiim perborate has the constitution 

<r () 

Na().JK(, 

This view is supported by the faet that a stable potassium hyperlioiate. KBO 4 .H. 2 O, 
is known wbiidi evolves only truees of oxygen when dissolved in water. When dried 
over phosphorus pentoxide in vaeuo, lKB() 4 .II. 2 ()is produced so that the hyperborato 
cannot be formulateil KBfti.HoO.j, but is rather a derivative of potassium hy]>eroxide 
and perborie acid, and it may be repre.sented 

K0.(),B<J5 


Tfiin c.mi]M>urnl isHtablc, but if ila coiiMtitulion were KO.O.OBO. analnaicH iinlicatc 
that it woul<l be uiwtabic. 

Accorilitin to 1’. 0. MelilcotT anil L. I’iasarji'wsky, the a(|, soln. of Hoiliuin perborate 
begins to lieeonipose at 4(1' giving off oxygi’H, C. .Sborgi and (i. Nocentini found 
that the deeoinpositiouof sodinin perhornte in lopsoln at different temp, doe.s not 
obey’ any simple law, altlniugh it corresponds approximately with a unimoleeular 
reaction, the values of the ecpdlihriiim I’onstant lying on a regular curve which passes 
through a maximum The velocity of tlie reaction is infliienied in one direction or 
the other hy the decomposition products of the perborate and by a number of other 
Hubstanees. E. Hosshurd and fl. K. Zwieky fonml the velocity of decomposition 
of a.|. soln. under thi' catalytic inllncni c of colloidal platinum is .smaller than thatof a 
soln. of Imlrogeii peroxide under similar conditions; anil with dil. sulphuric acid it 
focms hydrogen peroxide ; ( 1 . K. Jauherl found that if the powdered salt be added 
to .'■|0 per cent, sulphurie acid, boric acid is precipitated and a .soln. of hydrogen 
jier().<ide is formed. According to 0. T. (thristensen, with cone, sulphurie acid, 
ozonized oxygim i.s evolved; the .soln. possesses oxidizing properties, it liberates 
chlorine from hydroeldorie acid ; it o.xidizes ainniuniiim sulphide with the evolution 
of mueli beat. The .soln. gives off oxygen when treated with .solid or soln. of iodine, 
or with broiniiie water; it gives u precipitate with niereiirous nitrate soluble in 
oxeeas, and when the soln. is warmed inereuryis precipitated ; mercuric chloride gives 
a Mddish-yellow or brown precipitate containing free incrcurv ; mercuric oxide is 
reduced; auric chloride furnishes brown gold; platinum tetrachloride docs not 
reaut. at ordinary temp.; palladium tetrachloride gives oxygen ; cupric sulphate 
givea a yellowisli-gn'cn pri’cipitate which iaaoon doeoniiiosed ; neutral lead acetate 
gives a ycllowiah-white preeipitsite, and haaie load acetate a dark brown precipitate ; 
lend dioxide gives oxygen; manganoua aalts form manganese dioxide with the 
evolution.of oxygen; cobalt nitrate gives a precipitate which soon dccomposi's 
with the evolution of oxygen ; chromic acid and ether, or chromates with an acid, 
give the perohroniate reaction; it converts ferrous to ferric salts ; morphine hydro- 
eUotidc gives a colourless acicular precipitate which soon dissolves with the evolution 
'■'xygeii t and quinine sulphate and strychnine nitrate also give white precipitates. 

Bruhat and H. Dubois have shown, the aq. soln. has properties cha- 
..tic of soln. of hydrogen peroxide. According to A. Monnier, a dil. soln. of 
*.,^„,jihJorido gives a reddish tinge with perborates; and no coloration »r 
. a 0'5 [ler cent, alcoholic soln. of benzidine. Perborates with a 
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8 oln. of chrome alum jjivc a jzreenwh-yollow precipitate, which when ahaken with a 
little ether and dil. sulphuric acid, furnishcH a blue ether extra< t. This dwtinjiuisheB 
|)erborates from pentarbonates and hydroj?eii dioxide. Both p«‘rlH>rates and 
percarbonateH impart a blue coloration lo a sola, of potassium dichromate acidilieil 
with sulphuric acid. * 

The active oxygen in perborates is <letermined hy titrating the aeid .soln. with 
potassium permanganate soln. E. K. Farrar, E. Rupp and J. Mielck. A. Skrabal 
and J. P. Vacek. and \V. Ls‘nz and E. Kiehter have discussed this probleju. 
J. M. Mathews emphasized that the bh'aching is due to the hydrogen peroxide 
which is formed when the .salt is dissolved in water ; and while so<liuni perborate 
furnishes about 10'4 per cent, of active oxygen, st)di\im per()xide gives twici' gs mu<-li. 
The cost of bleaching with the former is expensive, out of all projmrtion when 
compared with the latter. The advantage with sodium perborate is that the 
bleaching soln. can be used with hot soln. Indeed, hot water is required for llie 
complete decomjMJsition. The particular advantage of the j)erl>orates over hydrogen 
p(*roxide Is dm* to the fact tlnit they caii be employed in various scouring mixtures 
to bo used by the laundry in hot soln. For example, tlie perborates of sodium and 
magn(“sinm are n.sed industriallv for bleaching purpo.s(*s. Not only is sodium per¬ 
borate used as a bleaching agent in the kxtile industries; and as a detergent in place 
of sodium peroxide*, but it also enters into the <'omposition of deodorants, germic ides, 
tieeoloriziag agents, antiseptics, dentifrices, and various pharmaceutical prepara* 
tioiw. Well-cry.stallized sodium pcrlatrate pn'scrvc.s its strength and is now iminu- 
factured on a commercial scale, and it may ie[>lace hydrogen and sodium peroxides 
in th(i various imlustries. It has the advantage ov<*r hydrogen peroxuh* of being 
highly 8tal)le. and being a solid it is more easily and (‘conomh-ally transportsvl. 
•Sodium perlK)rat(* <-un be ineorporuted with S(>aps an<l washing j)owder8 to furnish 
a combined vvashiiig and bleaching agent; sm’h j)reparations an* pcrsiV—a mixture 
of soaj), soda a.sh, 80 <lium silicate, and jierborab*; clarax a mixture of borax, 
sodium phosphate, and perborate ; ozonilc -- a mixture like jM'rsil with dilTerent ))ro- 
j>ortion.s of the same constituents; and perhnin jiroducts. Pvrhorin-M is a mixture 
of soap, {)erborate, and alkali. IVrboriii is a trade-jwme for sodium perborate. 

0. T. ('hristensen prejjured })o(assium ]>erhorate by a pro<'esH similar to'that 
employed for the sodium .salts, but the con.stitution was not very vlear ; it may he 
2 KB 03 .KB() 4 .r)HJ),or (' F. von (lirsewald and A. Wolokifiti 

obtained hemihy^ated potassium perborate, 2KH0;, by adding Kio c.c. 
of a eold 05 per cent. soln. of potas-sium metaborate to 1 () 2 (> c.c. of a cold 5 per cent. 
Boln. of hydrogen peroxide. The tilt<'n‘d ii<juid was treated with ‘.MlO c.c. of methyl 
aleohol. The inirTocrystalline powder was washed with ice-cold water. Tla; 
salt is .stable when dry, but an aq. soln. at btr lose.s its active oxygen in an hour, and 
more slowly at lower temp. KX) parts of water dissolve 1-25 parts of the salt at t)'^, 
and 2 ’’) parts at 15^. The white powder is stable at ordinary b*mp., and it has 
a comjjosition and properties corresponding with potassium perborate hemiper- 
Ozyhydrate, 2 KBO 3 .H 2 O 2 . When rapidly heati'd, it defiagrates at but 

if heated slowly, the active oxygen is quantitatively evolved. 0 . T. (’hristrmsen 
prepared rubidiam perborate, RbB 03 .Il 2 f), by wanning 2 n grms. of rubidium 
hydroxide with 40 c.c. of wat^-r and 12 grins, of boric acid, and tn-ating the (;old 
soin. with 110 c.c. of 6 per cent, hydrogen peroxide, fmd then with an^eejuai vol. 
of % per cent, alcohol. The oily precjpit-at<* was then allowed to crystallize. The 
properties of the salt re.sembled those of sodium perborate. He also made caesium 
perborate, C 8 BO 3 .H 2 O, in a similar manner. P. G. Melikoff and B. Piiwarjewsky 
prepared hemihydrated ammonium perborate, 2 (NH 4 ) 2 B 03 .H 20 , by dissolving 
boric acid in 2 5 per cent, hydrogen peroxide, adding aq. ammonia, and then 
alcohol, when colourless isotropic crystals of the trihydrate are deposited. When 
kept 24 hrs. over cone, sulphuric acid, the hemihydrak is formed ; and, according 
to E. J. Constam and J. C. Bcn»ett, the salt is completely dchydrat«‘d ov«f 
phosphorus pentoiide. S. M. Tanatar has described a mopohydrate. 
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P. G. Mclikoif and L. Pissarjewsky prepared cupric perborate, Cu(BOa) 2 , by 
addinir a sat. soln. of sodium perborate at 0° to a cupric salt. The salt is readily 
decomposed by water. If silver nitrate be treated with sodium perborate a white 
curdy precipitate of an impure silver perborate is formed. A. Etard prepared 
b^nm perborate by tbe action of a soln. of barium peroxide on boric acid. The 
white amorphous precipitate was stated to be insoluble in water, and to lose a mol 
of water at m", and not to be decomposed by water. The product is hygroscopic, 
but not deliijuescent; it gives off oxygen with acids, and with cone, hydrochloric 
acid at 40”, chlorine is evolved. J. Bruhat and H. Dubois noted that soluble 
perborates give a white precipitate when added to a barium salt soln. According to 
1’. G. Malikoft and 1,. Kssarjewsky the white flocculcnt precipitate has the composi¬ 
tion ItainOsla.IIIjO. The corresponding strontium perborate and calcium 
perborate were prepared in a similar manner. The calcium salt is said to be 
sparingly soluble in water and to be decomposed by water more quickly than the 
barium salt, H. Byk obtained a IK) per cent, yield of calcium perborate by treating 
a soln. of 11 parts of crystallized calcium chloride in 10 parts of W'ater with 15'4 
parts of sodium perborate at .b0''-G0°. 

A. Etard, and J. Bftihat and II. Dubois prepared magnesium perborate, but 
the composition was not constant presumably because of hydrolysis. The Deutsche 
Gold-and Kilberscheide Anstalt prepared a white, amorphous magnesium perborate 
by the action of sodium peroxide and boric acid on a magnesium salt. When dry 
the salt is stable, but with water there is formed an aq. soln. of an acid perborate, and 
a precipitate of a basic perborate. The corresponding zinc perborate was similarly 
prepared. H. Buchtalu prepared thallous perborate, TUB^Or, as a white powder 
by adding ,K) per cent, of hydrogen peroxide to an aip soln, of one of the thallous 
borates. The aq. soln. diwomposes on evaporation, forming thallous metaborate. 
The salt exhibits tin- usual reactions of a per-salt, and explodes when heated rapidly. 
The graphii! formula is written : 

TlO.lt.O.tX , 

Unstable nickel perborate, and cobalt perborate were obtained by P. G. MelikofI 
and Tj. Pissarjewnky. liy tins action of a soln. of a perborate on uranium dioxide, 
.I.diruhat and II, Dubois pre]iared a yellow, stable, uranyl perborate, (UO)BO;i. 

O. P. Jaubert claimed to have made sodium pertetraborate, Na. 2 B 4 O 8 . 10 H 2 O, 
or jterhonu by crystallization from a soln. of 248 grms. of boric acid, and 78 grins, of 
sodium peroxide in 2 litii's of cold water. The salt decomposed into hydrogen 
peroxide when dksolved in water, and the, .soln. h.as an alkaline reaction. The first 
crop of crystals is richer in active oxygen than those separating later, and the last 
fraction contains no active oxygen at all; and ordinary sodium perborate crystallizes 
out if the aq. soln. is mixed with hydrochloric acid eq. to half the sodium in the 
perborate, UK) grms. of water at ir, 22", and 32° dissolve respectively 4 2, 71, 
and 13‘8 grms. of salt. J. Bruhat and H. Dubois prepared what they regarded as 
potassium petdiborato, KB 205 . 2 Hj 0 , by adding alcohol to a soln, of potassium 
diborate in hydrogen peroxide. The crystals lose a mol of water in vacuo over 
phosphorus pentoxide. 

P. G. Melikoff and L. Pissarjowsky obtained indications of the formation of 
sodium hyperborato, NaO.BOa, or NaBOj, but the salt was not isolated. 
E. Bosahard and H. K. Zwicky prepared potassium hyperborate, KBO 4 .H 2 O, which 
evolves only traces of oxygen when dissolved in water—lade supra. G. I. Petrenko 
preMred an ammonium hyperborate, NH4B03.NH4B04,2H20, by the action of 
hydrogen peroxide on ammonium perborate, and precipitation with alcohol at a low 
temp. A monohydrate was also prepared. 
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§ 18. Boron Fluoride 

J. L. Gay Lussac and Tj. J. Thonard ^ luxated a inixiun' of vitreous boric oxide 
with twice its weight of fluorspar free from .sili(;u to \\ liifetieHs in tin inclined iron liilje, 
and obtained le ejas fluoborique, boron trifluoride, BF 3 J. Davy obtainetl the 
same gas by heating in a glass flask a mixture of 12 juirts of suljdiuric acid, one of 
vitreous boric oxide, and two of tiuor.spar; G. Kerr;iri, and 8 . G. Kawson used a 
similar process for the.se three constituents. According to .1. J. Berzelius, tin', gas 
obtained this method contains a large quantity of silicon fluoride, derived frym 
the silica in the fluorspar and in the glass. The gas can be freed but imperfectly from 
the silicon fluorides by scrubbing with vitreous boric oxide. 31. SchiiT, and h. Stolba 
made the gas by heating a mixture of jmtassium fluoborate, KBh 4 , with 15-20 
per cent, of fused and pulverized boron trioxide and cone, sulphuric acid. • 0. Ruff 
recommended heating a mixture of equal parts of boron trioxide and cryolite free 
from silica, with cone, sulphuric acid. i t 

H. Moissan found that boron trifluoride is formed when fluorine is treated with an 
excess of boron; by the action of phosphorus trifluoride on boron ; by the action 
of silver fluoride on cold boron iodide ; and when fluorine acts on boron chloride ; 
A. I^tard, by the action of hydrofluoric acid on barium perborate ; L. Ouvrayd, by 
heating potassium hydrofluoride, KHF 2 * boric oxide, with metallic oxides ; ai^ 
L. M^r and W. Eidmann, by heating boron nitride with sodium fluoride and sul¬ 
phuric acid; ammonium solpmkte and bojon fluoride arc forAcd. H. Qiobelhausen 
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found that amorphoiw tioron roacta with fuaed cadmium fluoride, forming cadmium 
and boron trittuoride. E. Bc^rger made boron trifluoride from a mixture of lead 
fluoride, cali ium boride, and alkali nitratr-. 

Boron, trilluori(l(^ ia a coloiirleaa gaa, with a jiungent, aulTocating odour. It ia 
atable and non-combustible and a non-supporter of combustion. In moist air it 
gives dense white fumes. ItS TapOQI density, determined by J. Davy, T. Thomson, 
and J. B. A. Dumas—2'3124-2'3709—corresponds with the formula BF 3 . 
M. Faraday found that the gas is not liquefied when cooled by the ordinary 
carlmn dioxide bath, but that it forma a limpid, colourless, clear liquid, as mobile 
as hot ether, when cooled by carbon dioxide under an air pump. He found the 
approidinate vapoui pressures of the liquid are : 

-52-2’ -54-4" -.-ira” -n3-3’ —73-3‘ 

Vap. proas. . . . 1P.54 lO-OO i)-23 7-.W 4-(>l atm. 


According to H. Moissan, boron trifluoridc solidifies to a white mass at —160°, and 
when the gas is purified from hydrogen fluoride by scrubbing with sodium fluoride. 
Its boiling point is - 101 °, and its melting point -127°. R. W. Millar calculated 
the specific heat, «b be 1 r70 at 278° K., and lO’OO at 189° K. H. Hammerl 
and M Bi-rthelot gave 2.34-8 Cals, for the heat ol lormation of fused BF, from 
amorphous tK>ron. 

”"*■ '''“cged by the silent electric discharge, 
and H. Moissan found that the vid. of the gas remains constant after the passage of 
r ir”a "'‘* 11 “ of Gw glass containing vessel arc not attacked. 

J. M. Begum found that the sparking boron trifluoride furnishes a spectrum showing 
a blue fine due to fluorine; he also found that a mixture of hydrogen and boron 
trinuoride is decomposed by electric sparks. . 1 . Davy found that water at ordinarv 
buiip. absorbs about i(K» times its vid. of boron trittuoride to form a syrupy liquid. 
According to J. I., (.ay Lu 8 .sac and L.Thenard, water absorlis about the same vol. 
of Iwroii tritliiorule as of hydrogen chloride ; the absorption is raidd, and is attended 
by the evolution "J lieat. According to H. Hammerl, the'.soln. of a mol of the gas 

aLinf rJ ■ " o S“fPl»«riC acid absorbs 

about .K) yoh of the gas. Boron trifluoride should be collected over mercury 

whir,oli;i « hi ‘1 4 “'“-“"'f trifluoride unite to form a 

Won ^ ’'*■ ™>Gimed unchanged. It is probably 

yrim '■ ' “•'<1 be gave 23 for the vapour density at 

for a mix^M^e"‘f’■ ’’T' ' 1 " rfa'’ Pf<=««--theoretical value 

vauonr attack 7 "“ '' I'n ‘b'*/■<>"'PO'w»t gases is 21-3. He also noticed that the 
vapour attacks glass J. Davy found that it is decomposed by a trace of moisture 

Kims anH"'r"n' "*-'''’““b“''«te and bone, acid, and when dissolved in water J, J. Ber- 
Tno r’n 5" ‘“"''“t'on of oxyfluoborate. J, Davy also found that 

nJ^ucL n rr" ” ‘btae vols. of ammonia, 

pi^ueing in the former case boron diamrmno-trifiuoride, BlNH.loF,, and in the 

w la ^»»f«™>ty with the 

BO calMd amiiiines of the other boron halides, these products may prove to be mixtures 

dle.T?"“7 “aboVonamide. According to A. Be^oVrorltrifluS 

fnd 0 ?°* W a temp., but combination begins at -30” 

evolidio7^f 0 '*"a "7’ ''’T'' as the temp, rises, with 

J?nf Zed w7b“' Pboaphidl the latter 

foZd tIic whir"’'l!r' bydrogen, whilst some solid hydrogen phosphide is 
formed. The whitt. solid is a boron henuphoBphinofluorioe, PH. 2Ms*^and is 
decom^s^ by water with the evofotion of hydrogen aThydro|en phosphide. 

. trifl!n,id M’ Cleveland studied the f.p, of binar/ mixtiZ of Lron 

BbSlaot foZd" ’ ""“■-'•'•^bloridc. They found a compound 
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AiM.'ordinj! to J. L. Gay Luasac and Lr J.'Thenard, whon potassinm or sodium 

1. H hoated with boron trifluorido, tho niotal is lovort'd with a Idaih cnist, and imriw 
with a reddish flame ; water extracts potassium fluoride or flmdiotate from the e(dd 
residue, and boron remains, 3K+4Bh';,— 3 KBF 4 -i B, or 3 K+ 2 BKj KBK 4 
4-2KF+B. S. (i. Rawson also studied the n’aetion witli potassium, b. J. Tliidiani 
found that iron is without action on lioron trifluoride at a red heat, J, Davy found 
calcium oxide rapidly absorbs boron triftuoride especially if warmed, forming a 
fusible mass which gives off the original gas when treated with sulphuric acid : 
4CaO f 8 BF 3 =Ca(B 02 ) 2 -|- 3 Ca(BK 4 ), 4 , A, Baudrimont found that when passed 
over red lead a yellowish-brown gas is produced which smells of chlorine and burnt 
sugar; decolorizes indigo; does not attack glass; but unites with gold, • 

Rrfehksces, 
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2. 153, 1881; O. Ruff, Die. I'hnnie dra Fliuira, Berhn, 25, 1020; '1'. Tlnnnsim, Ann. Phil., 1. 
177, 1813; A. Baudrimont, Cumpl. Pend., 2. 421, 1830; A. F O. Hermann and M, (Jlcaveland, 
Srience, (2), 53. 582, 1022; ,J. B. A. Dumas, Truili tk rhimir iippHipih mix iirta, Paris, 1. 382, 
1828. 


§ 19 . Hydrofluoboiic and Boratofiuoric Acids 

According to .f, L. Lussac and L. .1. Thenard,' when boron trifluoride is passed 
into a sufficiently large projiortion of cold water, the absorption is rapid, and a 
colourless fuming syrupy liquid is produced. The boron fluoride is liest passed 
through a tube dipping under mercury which is covered with water, for if the end 
of the tube dips directly into water, the rapid absorption of the gas would cause 
the liquid to regurgitate into the generating apparatus. J. Davy showed that 
water at ordinary temp absorbs 700 vols. of this gas. The soln. then has a sp. gr. 
1770; it gives off unchanged about one-fifth of the absorbed boron fluoride ; and, 
after that, the b.p. rises much above 100 '. The boric acid simultaneously formed 
in the reaction: 4BF8-f3H20=3HBF4-)-B(0H)3, is said to separate as metaboric 
acid. When the reaction occurs in the presence of an excess of water, H. Hammcrl 
gives 98 04 Cals, for the thermal value. J. .1. Berzoliua'obtained a similar liquid 
by dissolving boric acid in cold cone, hydrofluoric acid, concentrating the soln. over 
a water-bath, boiling until it evolves white fumes, and allowing the product to remain 
over cone, sulphuric acid. The liquid thus obtained has a sp, gr. 1‘586. F. 0. Mather* 
and co-workers made an alcoholic soln. of fluoboric acid by adding about iH grms. of 
boric acid, free from sodium, to 100 grms. of 48 pet cent, hydrofluoric acid—the 
boric acid was added until a test portion gave no precipitate with lead nitrate. The 
cold soln. is mixed with an equal volume of alcohol. The liquid can be prcMrved 
in wax, rubber, lead, or paraffin bottl^, and used as precipitant for sodium in the 
presence of potassium and magnesium. 
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Arronlin^ J. J. tho compoKition of the liquid obtained by the action 

of hydrof!uori<- mid on fmrio acid is in agreement with H2K2^^4d5HF, and it w 
tle(om|K)wd by an exei-ss of waU*r with the precipitation of boric acid and the 
fornmtioi^of an a(|. soln. of liydroborofluoric acid, FH.BFj. J. J. Berzelius regarded 
the achl ]i(|uorHH a definite eoinpound which may be called horatofluohc acid I he 
stab'd that tin* aq. hoIh. of tlie acid distils unchanged; and that when neutralized 
with an alkali, it forms a series of boratofluorides, )4.()MF.H20. These state¬ 
ments and asHumptions are probably wrong. The evidence for the individuality of 
boratolluorie ueid is not satisfactory ; for wlien distilled, tlie different fractions 
differ in s)>. gr. and in composition; tin* re-crystallization of the salts gives first 
the alllaU Hu(>ride and then a mixture of alkali fluoride and alkali niotaborate; 
an<! the acid liquid wilh tlie silver nitrate gives a mixed j)roei])itate of silver 
metahorate ami (jxide. A. Basaroff accordingly stated that the liquid is a mixture 
of metahorie, hy<lrof!u()lioric, and hydrolluoric acids. 

It. Abegg, (1. .1, J, Fox, and W. llerzstudic'd the reactions between boric acid and 
hydrofluoric aeiil, and ]»etween boru’ acid and potassium fluoride, but came to no 
d»‘finite conclusions. They measured the jpartition coeff. of boric acid between water 
and nrnyl alcohol, mid *betw<*i‘n a soln. of jpotassium fluoride and amyl alcohol; the 
f.p. of soln of horic acid and hvilroHuoric acid ami potassium fluoride ; the electrical 
conductivity of mixtures of soln. of boric and hydrofluoric acids; and they made 
.some titration experiments on tlie mixed acids. The conductivity of cone, hydro- 
lluorie acid inereasi'd by the addition of boric at id, but with dil. soln. the conductivity 
is dimiiiislied. This means that boric acid combiiu's with several mols of hydrofluoric 
acid, to form a complex acid which is highly ionized in cone. soln. Tiic measurements 
an' not independent of tiiiuq showing that the instantaneous reaction between the 
two acids, or fietweim soln. of boric at id and potassium fluoride, is followed by 
anotlsT slower change. 

.1- Thomsen nuMmured tlie heat, Q f^al.s., evolveil on mixing boric acid, B^Oaaq., 
with n mols of hydrofluoric ai id, ami found for (lUtjuij nlffaij.) QViih. 
nHh ... 2 t a J2 

V , • • iHMioo 2T-n;8 2n n!) 


which show.s that some kind of cx()thermul reaction occurs between the hvdro- 



Fio. III.—Th<’niml Changes on mixing Boric 
Oxido or Bone Acid with H>drofluorio Acid. 


riuoboric acid and the excess of hydro¬ 
fluoric acid. 0. Mulert represented 
the th<*rmal changes which occur on 
mixing boric oxide or boric acid with 
hydroHiioric acid by Fig. 31. There 
is a preliminary period ab where 
very little change occurs ; the temp, 
then suddenly rises, 6c. and instead 
of remaining constant, cd', the temp, 
continues to rise cd. The heat ol 
solution of a mol of glassy horic acid 
in 3*65 per cent, hydrofluoric acid is 
given as 29‘64 Cals. 


In adpitlon to J. J. Beneliua* acid, another acid Hnn IHF w tip n 

ILTfxij ^ trifluonde on alcohol. ’ Its «>. gr. was stateS to 

^ ? cms. p^. y. Gatwelin said'that the alleged acidis a mixture 

of the products of the hydrolysis of boron trifluoride 2BF.-I-3H 0 -—SHPxWTiP xw Rn 
F H. ^idoi^ also reported H.B.O.SHF to bo M 

when boron trriluorido mt» on aroylone. The acid ia eaid to fLe in air, kntf to U 
decompoeed by water. These resulte have not been confirmed 

{rtoUl|.Bi‘.2Nat,4H,0, or F.B. (0Na),.2NaF.4H,0, by evaporating a soln. of a mol of 
^ummotaborate and 3 raola of sodium fluondo in boiling water. A. Basaroff stated that 

the product is really a mixture not a chemical infiividiial-led. supra J J BoroeHus also 
reported two ottier sodium boratofluorides, one, N».0.SB.O..12Na^2JH.o; 
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a mol of borax and 6 mola of aodiuin fluoride ; and the otlier, (NaO)(UO^llK.2NaF, obtuiiuHl 
from a cooling soln. of a raol of boric acid and 3 mold of tiodium fluoride in boiling water. 
J. J. Berzelius also mode potUsiUffl boratofluorlde in a similar manner to that Mhich ho 
employed in making the Sfxliuin salts. A. Basaroff Ix'lieved these prwlucta to bo only 
mixtures. H. Schiff prepared two potassium boratofluorulos uhoso composition cun Is? 
represented by B,(OK),OF,, and B{6K),F ; or • 

oI>BO.B<Sk • 

The fomier was made by fusing 7 parts of boron tnoxide with 12 parts of polussium cliloride, 
and extracting the matter solublo in alcohol from the cold cake; the hitter was made hy 
fusing the former in the calculated ijuantily of potassium carbonate. Both com[)ouuds 
dissolve in a small portion of water without decomposition, but with more water they are 
decomposoil. J. J. Biuzeliiia made ammonium boratofluorldo, 2NTi4l''.B,O3.01lK, i.r. 
2NH4BF4.3H,0, by heating a mol of boric oxide with eiglit mols of ummoiiiuni nuorule : 
B,O,-f'lJ^H4F=2NH|F.B,()3.0HF'fONH,. G. I. I’otrcnko also inudo an ammoiiium 
borstofluorido, (NH 4 )HB,F,l)„ or (NH 40 )FU. 0 .BF( 0 H), by the action of hydrogen por- 
oxido on a mixture of ammonium motaborate and fluoj)erl)orato. F. U. Isindolph prepared 
what he regarded as ethylene oxyfluoborate, G,ll 4 .HFB 02 , by the action of boric fluoridi' 
on ethylene in sunlight at 25® 30®. The clear mobile fuming liquid has a sp. gr. l‘U478 at 
23®; b.p. 124® 125®; burn.s with a green flame; and is ilccomposod by woU*i', forming boric 
acid and a volatile boron compound, b.p. 10®-15®, supposi'd to 1 m' an ethyl fluoride. 

The liquid pnqiured by di 8 .solving boron trilluoride in water until the soln. has 
an acid reaction Is said to contain hydrofluoboric acid, HBK 4 , wliich furnislics a 
•series of well-defined salts, the fluoboratCS, also called borojluoridra. M. Jlerthelot 
estimated the heat of formation of hydrofluoliorie. acid, HBF 4 , to be (H,-IF, H)aq. 

-ilBT'G Cals. The ion.s of hydrofluoboric. acid are H' and BF 4 '; a little of the latter 
po.ssibly dinsociates BF 4 ?=iBF 3 -i F'; and the boron trittuoride is partly hydrolyzed 
to hydrofluorie and boric acids, BF 3 -l- 3 H 20 --B(OH)a-l3HF. A dil. soln. of hydro¬ 
fluoboric acid does not attack glass, but a cone, soln. does. The acid is jioisonoua. 
1. Hoincyer said that a ('T-0‘5 per cent. soln. of the acid or of its salts retards 
fernumtation. F. Btolba also noted the feeble antisejitic quality's of the ammonium 
salt, q.v. 

F, 1{. Landolpli claimml to have made a more comph'X acid bydrohexafluoboHc 
acid, H 3 BF ' 0 , or BF 3 . 3 UF, as a heavy transparent liquid during tlie action of boron 
trirtuoride on unetho). The acid is said to be easily isolated, to distil at about 
I3(f, without exhibiting a constant b.p.; and to have a vapour density 4'72 i-ulcu- 
lated •142. It rapidly decomposes when exposed to moist uir, forming boric and 
hydrofluoric acids. This result has not been confirmed. 


Kbfkukncbs. 

* J. L. Gay Lussae and L. J. Thviiard, .-Ihh. Chun. I’Iujk., (I), 69. 20}, IWJ , F. .Stolba, Cfnm. 
Centrb., (3), 3. 3516, 1872 ; J. .1. iterzoliiiH, Poifij, Atiti.,bB. rsK{, J843 ; 69. Ott, IHI3 ; II. Huinmerl, 
Compl. liend., 90. 312, 1880 ; A. basaroH, tV, 78. 1008, 1874 ; 79. 483, 1874 ; Hull. Soc. Chim., 

(2) , 22. 8, 1874 ; Ber., 7. 1121, 1874 ; F. Lomiolph, ifc., 12. 1583, 1870 ; •!. TIiuiimmi, Tlu rino- 

chemuche Leipzig, 2. 421, 18s2; U. Miilert, Ztit. unonj. r/um, 76. 232, 1012 ; 

J. C. G. de Marigoac, Zttt. amt. C'Aem., 1. 410, 1802 ; I. iloiii. yer, I'luirm. ZUj., 34. 701, 1880 ; 
R. Abegg, C. J. J. Fox, and W. Herz, ZcU. anergi. Ch4m., 36. 120,1003 ; 11. Schill and It. tfcHtini, 
Liebig's Ann., 228. 83, 1885; H. 8chifl, Liebig's ..Inn. Suppl., 5. 175, 228, 1807 ; «l. Bavy, 
£dtn. Phtl, Joum., 17. 246, 1812; i’Ath Trans., 102. 365, 1812; V. Gafwelin, Bull. Hoc. C'Aiw., 

(3) , 7. 754, 1802; F. C. Mathers, C. 0. Stewart, H. V. Houseraann, and I. K. Imv, Journ. Amer. 
Chem. Boc., 87. 1615, 1016; M. Berthelot, Thernwchimie, Baris, 2. 140, 1807; G. LoucIih, Monti. 
Sciem., (3), 16. 1390, 1886; F. Kuhlmann, Liebig's Ann., 391 31tf, 1841; G. 1. Betreako, Journ. 
Buss. Pkys. Ghent. Soc., 84. 37, 1902. 


§ 20. The SlaobotAtes 

It is generally stated that J. J. Berzelius ^ discovered hydroHuoboric acid and tlw 
iluoborates in 1821, but, as a matter of fact, J. L. Gay Lussac and L.J. Tbcnard 
prepared a aeries of compounds by tlfe action of a sola, of boron triflnonde in water 
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on y iimm bmes mlifiable,: and their term le gazpoborique lot boron trifluoride 
wa« probably based on the recognition of this fact. They called the soln. of the gas 
in wat*T I'mid Huoborme, and noted its solvent action on zinc. Ihey added : 


11 pcobable qu'il oxiwCo doM fluobortttesde barite, destrontiane^de chaux, depotaase, de 
soudo, dfl rnaKn^«if', do Kluoiiio, d’alumine, d’yttria, de zircone et de silice, et dea fiuo-wrates 
m^talliquoH; ot que totw cos wIh soiit aiitaiit de sets triples. On parviendroit probablement 
A fairo tons oes sols, on fondant onSL'mblo des fluates et dos borates de la mfime base : et il 
ost aussi tros probabltj qu’on traitant les fiuo-borates par de I’acido sulfurique concentrA, 
on obtiendroit fiwilenient do Tocide fiuo*bori(}ue. ‘ 


J. J. IkrzidiuH prepared the salts of hydrofluoboric acid, HBF 4 , by the action 
o( liorc^ triftuorido on the metal fiuorido ; by dissolving the metal oxide, hydroxide 
or carbonatf' in a .soln. of hydrofluoboric acid; by the action of hydrofluoboric 
acid on metal fluoride.s; by the joint action of a metal fluoride and hydrofluoric 
acid on boric acid; and by tlie action of a metal hydrofluorido on Iwric acid. Ab 
|) oinWd out by W. (■. Zelse, the last process presents the curious phenomenon of a 
mixture <»f two acid HfjuidH producing an alkaline soln.; H 3 B 03 -)- 2 NaHF 2 
-NaBF 4 f-NaOH | 2fLO. tlidiriider Siemens made the alkali fluoborates by 
mixing borw^ acid unfl.the alkali chloride into a thin paste with water, and adding 
hydrofluoric acid. The fluoborates are usually crystalline; readily soluble in water; 
lose boron trifluoride and form fluorides when calcined; and, when distilled with 
sulphuric acid, they yield gaseous boron trifluoride, liquid hydrofluoboric and 
hydrofluoric acids, and a residual metal suljihate. Most of our knowledge of the 
fluoborates is still in the staU' left by J. J. Berzelius’ memoir: Vntersuchutigen uber 
die Fltmspat/isaurc undderen inerkwurdigsfen Vcrhmlungen. 

J. J. Berzelius made lithium fluoborate, po.ssiblyLib\BF 3 orLiBF 4 ; by treating 
barium fluoborate with lithium suiphati*, and crystallizing the clear liquid by slow 
evaporation at 40°. The prismatic crystals deliquesce in air; and taste like the 
sodium salt. The aep soln. furnishes rhombic crystals. He also found sodium fluoride 
unites with hydrofluoborie acid, and the soln., when slowly cooled, furnishes “ trans¬ 
parent, rectangular, four-sided prisms, ofU-n shortened and approaching the cubical 
form,” presumably sodium fluoborate, NaBF 4 , since they contain no water of 
crystallization. F. Stolba also made this salt. S. Motylewsky found the droj)- 
weight of the /nolteii salt to be 119 when that of wak-r is 100 mgrms. at 0 °. 
According to J. ,T. Berzelius, sodium fluoborate has a bitter acid taste, and it 
reddens litmus. The salt is slowly dccompo.sed by heat: NaBF 4 --NaF-f-BF 3 , and 
it fuses below a red heat. It is more soluble in wakT than sodium hydrofluoride, 
but is only sparingly soluble in alcohol. F. C. Mathers and co-workers use an 
alcoholic soln. of hydrofluoboric acid for precijiitating .sodium fluoborate in the 
presfuvee of potassium and magnesium salts J. 0. IVrrino observed no ultra-violet 
fluorescence with tliis salt. 

J. J. Berzelius made pot&ssium fluobor&te, KBF 4 , as a gelatinous precipit.atc 
by mixing hydrofluoborie acid with a soln. of a jiotaasiuni salt. When washed and 
dried, it forms a gritty white powder. He also made the salt by dissolving a raol 
cat'll of potassium hydrocarboimte and boric arid in aii excess of hydrofluoric acid, 
and eva|>orating the soln. for crystallization. 0. Montemartini used a somewhat 
similar process but with potassium carbonate. F. Stolba heakd boric acid with 
potassiurp silicoftuoride, and added potassium carbonate to the mixture; he also 
warmed a mixture of 1&6 gnus, of powdered fluorspar, 62 grms. of boric acid, 420 c.c. 
of hydrofluoric acid, for 2-3 hrs. in a flask with a reflux condenser, then diluted the 
mixture with half its vol. of water, and mixed the filtrate with a warm sat. soln. 
of potassium chloride or nitrote. The crystalline precipitate was washed with water, 
pressed, and recr)' 3 tallized from a hot soln. of ammonia. 

According to J. J. Berzelius, the salt has a feeble somewhat bitter taste, and b not 
at all acid to litmus. It crystallizes from its aq. soln. in “ smalt shining, anhydrous, 
.six-sided prbms with dihedral summits.” According to 0. Montemartini, the salt b 
dimorphous for the grjtty powder indicated aV}ve, contains minute octahedra and 

t 
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dodecahedra belonging to the cubic system, and the*crystals obtained by evajiorat- 
ing an aq. soln. of the salt belong to the rhombic system, and have axial ratios 
( 1 : 6 : c=2‘7898 ; 1: r2830. According to F. Zambonini, and T. V. Barker, potas¬ 
sium fluoborate and perchlorate are isomorphous. The forjiier found a slight 
miscibility of up to 0*4 per cent, of potassium permanganate with the rtuoboratt\ 
F. Stolba gave 2*498-2*524 for the sp. gr. at 20^^. S. Motylew'sky found the drop- 
weight of the molten salt is 103 when that of waU*r at O'^ia 100 lugrms. According to 
J. J, Berzelius, the undried crystals decrepitate whtui heated and give oil some water 
and hydrc^uoboric acid ; according to F. Stolba, th<* wet crystals colour Bunsen's 
Hume green, green and violet, and finally violet. J. J. Berzelius found that the dry 
salt is decomposed by heat into boron trifluoride, potas-siuin fluoride, eU-., as indicated 
above ; a high temp, is required for decomposition. Wlien heated rapidly, flic salt 
fuses just below a red-heat—say, 500°. J. J. Berzelius found UX) parts of cold wat^T 
dissolve 1*42 parts of the salt, while F. Stolba said 100 parts of waU‘r at 20° dissolve 
()'448 part of the salt, and at 1(X)°, 6*27 parts. The a(j. soln. is at iirst neutral to 
litmus, but on standing, or on dilution, or heating, it becomes acid without attacking 
glass; F. Stolba said that in aq. soln. the salt is decomposed into jmtassium fluoride, 
hydrolluoboric acid, and hydroxyfluoboric acid, and that thege compoiumts re-form 
potassium fluoborate when the soln. is evaporated. According to J. J. Berzelius, 
the salt is not decomposed by aq. soln. of ammonia, or of sodium or potassium 
hydroxide, or carbonate, and it is no more soluble in these soln. than it is in water. 
H. Rose found the salt to be more soluble in a soln. of ammonium chloride than 
it is in water, and A. Stromeyer said that it is not soluble in a 20 |)er cent. soln. of 
potassium acetate. H. Rose said that the salt is not solulile in cold alcohol, but, 
added J. J. Berzelius, it is a little soluble in hot alcohol and crystals are deposited 
when the soln. cools. When fused with alkali carbonates, A. Stromeyer, and 
J. C. G. de Marignac found that the fluoborate is decomposed into alkali fluoride and 
borate ; and F. Stolba based a volumetric process for the determination of soda on 
this reaction. J. J. Berzelius found tliat the-salt is decomposed by sulphuric acid ; 
and F. Stolba by hydrofluosilicic acid, and by a mixture of silicic and hydrochloric 
acids. 

F. Godeflroy prepared rubidium fluoborate, RbBF^, and caesium fluoboi^te, 
(‘sBF^, in a similar manner to the preceding salt. F. Zambonini made the rubidium 
salt by adding rubidium carbonate to a soln. of boric acid in 3;> per cent, hydnv 
fluoric acid. The gelatinous mass, when washed and dried, forms a crystalline 
powder. Good crystals arc obtained by the slow <‘vaporation of the inother liquid 
from the gelatinous mass. F. Zambonini found t hat the rubidium salt is isomorphous 
with the rhombic form of the potassium salt, and that it has the axial ratios a'.hic 
4)'8067 :1 : 1-2948 ; the sp. gr. of the rubidium salt is 2-820. F. Godeflroy found 
that loo c.c. of water at 20° and 100° dissolve respectively U'bO and TO parts of the 
rubidium salt, and 0-92 and O'Oi part of the ca'sium salt. 

J. J. Berzelius obtained ammonium fluoborate, NH 4 BF 1 , by evaporating a snln. 
of his preparation of the oxyfluoboraU*. The product is sublimed to free it from Imric, 
acid. F. Stolba obtained the salt by sublimation from a mixture of Iwrie acid ajid 
ammonium fluosilicatc', and also by adding aq. ammonia to a sat. soln. of boric acid 
in hydrofluoric acid until the solution is alkaline : the liquid was then boiled, filtered, 
and cooled. The product was purified by crystallization f^pm its aq. soln. a numl^'r 
of times. The salt tastes like ammonium chloride. The sublimate is white and 
pulverulent, but that deposited on the hotter parts may be fused and transpairnt. 
The crystals obtained from the aq. soln., said J. J. Berzelius, form small six-sided 
prisms with dihedral summits.” F. Stolba gave TSSl for the sp. gr. at 17 5 . 
According to F. Stolba, the salt volatilizes from a platinum dish without leaving a 
residue; and it colours Bunsen’s flame green, but the soln. in aq. alcohol burns 
with flame which is not green. In 1808, J. h. Gay Lussac and L, J. Th^nard before 
•1- J. Berzelius prepared ammonium fluoborate, and noted that it could sublime. 
F. Stolba found that 100 parts of watef at 16° and 100 “ dissolve respectively 20 and 

4 
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9,-,-98 imrta of tho «alt. J. J. fcrzelius said that thyalt ako dissolves freely in 
alcohol. The aq. soln. reddens litmus, and, added F. Stolba, the soln. is feebly 
acid when freshly prejiared ; and turmeric paper, dipped in the soln. and moistened 
with hydrocdilorie acid, gives a boron stain when dried. The aq. soln. does not 
attack glass, and behaves like the soln, of the potassium salt. The salt is not 
changed by rccrystallization from aq, ammonia. 

By mixing soln. of cupric sulphate and barium fluoborate, and evaporating 
thi' (ill,rate, .b J. Herselius obtained pale blue deliquescent needles, presumably of 
cupric fluoborate, He also prepared calcium fluoborate, jiresumahly 

Ca(HK 4 ).,.)ill 20 , us a gelatinous precipitate by dissolving calcium fluoride in hydro- 
lliioborii" acid; he also made it by spontaneously evaporating an acid soln. of 
e.aleiufli carbonate in the same acid. The salt tastes acid, and reddens litmus. 
Water, especially liol water, decotnjiosos the salt, dissolving out an acidic salt, and 
leaving heliind a bu.sie salt I'ontaining an excess of calcium fluoride. J. J. Berzelius 
prepared dihydrated barium fluoborate, fla(BF 4 ) 2 . 2 Hi, 0 , by adding barium carbonate 
to an a((. solo, ol hyilrolluoric acid so long as it is dissolved; if too much barium 
carbonate is added, Imrium (luoride, is formed and boric acid set free. On evapora¬ 
tion, any ex( ess of boric acid crystallizes out first, and from the syrupy soln., barium 
fluoborate separates in “ long rectangular four-sided prisms and needles, often with 
step-like (lepre.s,sions.” The salt tastes like other barium salts, but not acid, 
although it re.i.lens litmus. The salt loses its water of crystallization at 40°, and 
ellloresees on I he surface. When heated the salt first loses hydroHuoboric acid, then 
boron tiilliioriih', and leaves barium fluoride as a residue. The salt deliquesces in a 
moist utm., anil is readily soluble in water. Alcohol decomposes it into an acid salt 
which dissolves, and a pulverulent basic salt which remains un(lis.solved. 

.1. .). lierzeliiis prepared magnesium fluoborate, MgfliFi)., in large prisms with 
a loiter taste, and reailily soluble, in water ; and zinc fluoborate, ZnfBhy., by dis¬ 
solving zini- in an aip .soln. of hydrotluoborie acid until no more hydrogen was evolved. 
The .soln. on evaporation furnishes a syrupy liijuid which solidifies to a white deli- 
(piesecnl mass, J. L. day l.iissae and L. J. Tlieuard also dissolved zinc in hydro- 
lliioboric acid Iti years earlier than .T. J. Berzelius. The last-named prepared 
hydrated aluminium fluoborate, possibly, AlfBh'ila.tiH^O, or A1F3.3BF3,«H20, by 
the slow eva|)oration of a soln. of aluminium hydroxide in hydrolluoboric acid. 
']’lie product is'.soluble only in acidiilaU'd water. When soln. of aluminium chloride 
and soilium fluoborate are mi.xed, a basic eoinpound separates, and the liijiiid con¬ 
tains free acid which retains a portion of the preci]iitaU' in soln. The product 
. fuses at a red heat giving off water, and hydrolluoboric acid, and leaving aluminium 
borate as a residue. In a similar manner, J. J. Berzelius also made, what was 
regarded as yttrium fluoborate, which it Y he the symbol for the mixtuni then 
lliought to be yttrium, could be, symbolized Y(BF 4 ) 3 ,iiH 20 ; he said that the salt 
is soluble only in water containing an e.vcess of acid, and the soln. on evaporation 
furnishes crystals of the salt. He also prepared cobalt fluoborate, Co(BF 4 ) 2 , as a 
white, powder; and lead fluoboiate, Vh(BF 4 ) 2 . The last-named salt is made by 
adding lead carbonate, in small portions at a time, to hydrolluoboric acid, until a 
preeipitato is formed. When the soln. is evaporated te a syrup, and cooled, it 
dejKisita long needles, but if slowly evaporated, “ four-sided prisms or tables’’are 
obtained. The taste at,lir.st appears sweet and astringent, but this is followed by a 
sensatioji of sourness. "F. Fischer and K. Thiele obtained the salt in acicular 
crystals, but could not free the salt from the mother liquid on account of its 
extreme tendency to deliquesce. It is hydrolyzed by water to a soluble acid salt, 
and an insoluble basic salt. J. J. Berzelius added that if the salt is boiled lor a 


long time with water or alcohol, this compound is resolved into an acid salt which 
dissolves, and a basic salt which remains undissolved as a white powder. An easily 
fusible basic compound was also said to be formed by heating lead with lead oxide. 
A. Miolati and Q. Rossi made cobaltic hwamminoflnobotate, or luteocobaltic 
j!uoiofotf,' [Co(NHj)e]Fj.3BPj.HI‘, by adding a soln. of luteocobaltic carbonate to 
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a soln. of boric acid in hydrofluoric acid. It can be recryatalliacd from dil. hydro¬ 
fluoric acid ; and it ia stable at 110 ‘’- 120 °. 

A series of complex fluoperborates has Ik’ch obtained by 0. I. Petrenko,- mid 
P. G. Melikolf and S. Lordkipanidze by the action of hydrofien pero.xide on flno- 
borates, but fluoperboric acid has not been prepared, P. (!. Melikolf and's. lairdki- 
panidze obtained potassium fluoperborate, K 4 B 4 F 40 | f.II^O, by treating an aip soln. 
of potassium fliiolmrate, 2 KK.B., 03 , with a sliphtly alkaline soln. of hydrogen )«’r- 
oxide, separates on the addition of alcohol as a viscous mass which hei'onies crystal¬ 
line on stirring; the substance ia redis.solved in water and the jiroeess ri'peated, 
the salt being finally obtained in rhombic jirisms. The following constitution, 
OK.BF.O.O.BK.O.OK: OK.O.BF.O.O.BJi',O.OK,H.,0, is assigned to the eoiapound. 
The aq. soln. has an alkaline reaction and slowly evolves oxygen at the ordinary 
temp., this decompo-sition being accelerated by warming ; the silver salt is produced 
as a yellow precipitaU' by adding silver nitrate to the soln.; it ia unstable, and 
blackens owing to the .separation of metallic silver, oxygen being simultaneously 
evolved. The dry potassium salt is moderately stable.; dil. sulphuric acid liberates 
hydrogen peroxide, whilst the eonc. acid evolves ozonized oxygen. This salt 
may also be obtained by the action of hydrogen peroxWe on potassium oxy- 
fluolxirate, BF(OK).^. P. 6 . Melikolf and co-worker also jireeipitnted the lluoborale, 
02 (BF. 0 .()K).j.lf 20 , by adding alcohol to the' hydrogen 
pi’roxide soln. G. I. Petrenko also prepared the same salt. P. G Melikolf and 
S. Iiordkipanidze, and G. I. Petrenko obtained ammonium fluoperboiato, 
(NH 4 ) 2 B 2 Fj, 0 j. 3 H 20 , by adding hydrogen jieroxide, ammonia, and alcohol to a 
soln. of boric acid and ammonium fluoride. The white crystalline powder is 
moderately stable. The ai). soln. decomposes slowly at ordinary temp., and 
rapidly on warming. Ammonium peroxide acts as a base towards perboric acid; 
and the two unite, forming a salt-like compound. 
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§ 21. Boron Trichloride 

J. Davy t observed that boron burns in chlorine gas, but he did not investigate 
tbe products of the combustion; J. J. Bersclius showed that boron trictal<nw6t 
BCI 3 , is formed when amorphous boron is warmed in chlorine gas. Dry amorphous 
boron ignites spontaneously in the gas, but boron which has b(?en preheaW Iim a 
higher temp, of ignition. H. Moissan gave 410“ for the temp, of ignition. J.J. Ber¬ 
zelius’ anatyses were confirmed by G. Oddo and M. Tcaldi, and by F. Wfihler and 
H. St. C. Deville. The last-named investigators first liejuefied the gas. D- 
maun recommended heating amorphotis boron t« dull redness in a stream of dried 
VOI,. V. 4 * 
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hydrogen in order to get rid 0 / moisture; the hydrogen is then replaced hy chlorine. 
The timip. should he so regulated that the glass is attacked as little as possible. The 
eondensing apparatus mast be well eooled with a freezing mixture since boron tri- 
(hloridc Isiils at a comparatively low temp,, 13°. A. Stock and 0. Priess condensed 
the crude chloride at —80°. It is shaken with mercury, or powdered silver to remove 
free chlorine ; and it is redistilled in a fractionating column to get rid of hydrogen 
chloridi' and silicon chloride. The latter is produced by the joint action of boron 
ami chlorine on the glass. A. Stock and 0. Priess recommended distillation in a 
high vacuum from a bath at 78°. The early fractions, condensed by liquid air, 
contained hydrogen chloride, which influenced the vap. press, at 0 ° fat mote than 
the m.p., whilst the silicon chloride eollec^d in the end fractions. A. Stock and 
E. Kush discussed the purification of boron trichloride for at. wt. determinations. 
Modifications of this process have been described hy F, Wohler and H. St. C. De- 
ville, H. Sclmitlzer, B. Podszus, If, (lautier, (1. M. Di^spretz, and H. C. C. Maisch. 
Boron trichloride was made by F. Wohler and If. St. 0. Devillc by the action of 
hydrogen chloride on boron, but a high temp, is required and much silicon chloride 
is formed. They also madi' boron trichloridi' by hi’ating boron with silver, mercury 
or lead ehlorhhn I’, fe'. Ohabrie made boron trichloride by the action of carbon 
tetrachloride on boron at 2(X)“-2r>()°; .3CCIj+4B— 4 BOI 3 + 3 C. C. Mazzettl and 
K. d<’ (larli (d)taini'd almost qiiantitativr' yields by passing dry chlorine through a 
pore('lain tube containing ferrod)oron at .')(X)° -vide silicon tetrachloride. 

.1. B. A. Dumas made boron trichloride by the action of chlorine on an intimate 
mi.xture of carbon and boric oxide at a high temp.: B 203 l- 3 Cl 2 + 3 Ci^ 3 C 0 + 2 BCls. 
( 1 . (lustavson obtained boron trichloride by heating in a scaled tube a mixture of 
boric oxide with an excess of phosphorus pentachloride for 3-4 days at 130°: 
fiPfilo buB 203 ~l(tBCl 3 -l 3 l 205 ; no phosphoryl chloride is formed : he also found 
that if phosphorus trichlorodibromide be employed in place of j)ho 8 phoru 8 penta- 
C'hloride, boron trichloride- and free bromine are formed --virtually no boron tri- 
bromidi' is produced. H. Moia.san found that boron trichloride is produced when 
boron sulphide, B^Sj, is treated with chlorine, or with hydrogen chloride at 4tX)°. 
11. Moissan and P. Williams obtained boron trichloride by treating calcium boride 
with chlorine. J. larible noted the formation of boron trichloride when arsenic 
trieliloride acts on boron tribromide; amt C. Councler, when boron oxy trichloride is 
hbated: fiBOdj.-BoOg-fSOig-l-BCia. Boron ehloro-hydrides have been described 
in connection with boron hydride. 

Boron trhhloride is a colourless ga.s which can be condensed to a colourless mobile 
liquid. Both gas and liquid form dense clouds in air, F. Wohler and H. St, C. De- 
ville gave l-sr, for the specific gravity of the liquid at 17-,')° ; A. Ghira gave 1-43386 
at 071 , and tin- latter gave 81-!)4 for the mol. vol. F. Wohler gave 17° for the 
houmg potat (d the Inpiid ; H. V. llegnaiilt gave 18-23° at 760 mm.; P. Walden, 
18-., ^ 8-8 at 767 mm.; and A, Stock and 0. Priess, 13° at 764 mm. The last 
value IS iiroliably the best reprixsentative one. A. Stock and 0. Priepa’ value for 
the vapour denaty of the gas is 58-43 (Ho . 2 ) ; and F. Wohler and H. St, C. Deville’s 
'"“'u of li'luid was measured by H. V. Reg- 

nault, T. Tate, and A, Stock and 0. Priess, The last-named gave for the vap. press., 
]), lu mm. of mercury: o r r > 


• -so- -wr ' .10- _2o» _io» 0" 

P '• - * 18 87 107 314 477 

The extrapolated value for the b.p. at 760 mm, is 12-5°. 

p mm., 


5* 10" 12-4" 

079 696 763 

H. V. Rcgnault gave for 


-20" -10" 0" 10" 20" SO" 

p . . 189-40 250-64 381-32 662-94 807-60 1127-60 


40" BO" SO" 

1636-26 2668-62 4248-28 


H. .V. Hegnault represented his measurements at 8° by the formula log p 
=4-8159^8 —2-7690345a‘-f-0-0120096fi'. when log o=f-9965575, and log i 
=1-9770709, and t=9-f27; below 0° the last term may be omitted. C. Antoine 


I 
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•epresented the vap. press, of boron trichloride by log p=0-9290(7 1268-l(XKV(), 
shore {=fl°+130°. A. Stock and 0. Pricss gave —107° for tlic melting point. The 
heat o! formation from amorphous boron, as given by M. BiTtlu'lot, is 891 CnU. 
[or the gas, and 93’4 for the liquid. This makes the mol. heat of vaporization t .'l 
Cals. L. Troost and P. Hautcfeuille gave 104 Cab. for the heat of formation of the 
^as, and for the heat of SOintion of the ga.s in 100 tiipes its weight of water, 7'2 
Cals, per gram, or 79 2 Cab. per eq. According to P. Walden, the electrical con- 
lactivity of the liquid b virtually nil, and it shows no tendency to ionize binary 
salts and ‘strong acids at 0°. 

By subjecting a mixture of boron trichloride and hydrogen at ordinary temp, 
to the silent electric discharge, H. V. A. Briscoe found that a pale yidlow tranj|)arent 
substance b produced with a smaller atofhic ratio than B : ('1=1 : 3- qmssiblv Imroit 
subeliloride. It b rapidly decomposed by water with the evolution of hydrogen and 
the formation of a soln. with reducing properties. According to (!. A. A. Michaclis 
and P. Becker, if a mixture of boron trichloride and oxygen b exposed to the .silent 
electric discharge in an ozone tube, very little boric oxide is formed, but if the 
mixture be sparked, a vigorous action occurs : IBClj l-.'iOj— 2B2O3 ffiCU ; OZOne 
does not attack the gas. C. A. A. Michaelb and P. Becker ilfd not detect any signs 
of the formation of an oxychloride in their .study of the action of oxygen and of ozone 
on boron trichloride. Gaseous and li<iuid boron trichloride react with water, 
forming hydrochloric and boric, acids. The reaction has lieen studied by P. Wiililer 
and H. St. (!. Deville, and J. von Liebig. J. B. A. Dumas .said that if a small 
proportion of water be used a solid hydrate is formed, and this, when heated in a 
stream of hydrogen, furnishes hydrochloric and boric acids. According to H. Mois- 
aan, when fluorine b passed into boron trichloride, each bubble of fluorine forms 
boron trifluoride. Boron trichloride reacts with hydrogen iodldo at a high teinp., 
forming boron iodide. A. Stock and 0. Priess say that chlorine has no peraqitibh* 
action on boron trichloride even at —80°. G. Gustavson said that sulphur does 
not act on the gas at 250°. According to A. Stock and 0. Poppenberg, hydrogen 
sulphide forms boron sulphide at a red heat. G. Gustavson found that when a 
mixture of boron trichloride with sulphur trioxide b heaU'd in a sealed tube at 
150°, a reaction, probably 2BCl|)+3S03=3S0zCl2+B203 occurs. H. Mobsan found 
that sulphur tetrachloride, SCI4, gives a liquid double chloridq which freezes 


at —33°. * 

W. Jevons found that with the so-called active form of nitrogen, horon tri¬ 
chloride forms a white amorphous solid containing both nitrogen and boron, the 
reaction is accompanied by a pale bluish-green glow quik different from the green 
colour of the flame tinted with boric acid. According to J. J. Berzelius, one vol. 
of boron trichloride unites with 11 vol. of ammonia producing a whit* substam c 
boron nmqniammmnchlnTidH . 2BCla.3NH3. G. A. Martins prepared this compound 
by passing dry ammonia into cooled liquid boron trichloride. The compound 
does not fume in air; it b rather less volatile than ammonium chloride, and 
sublimes undecomposed. It b decomposed by water, forming hydrochloric acid, 
and ammonium chloride and borate. When mixed with ammonia, and passed J®***!" 
a hot tube, it forms spontaneously inflammable boron nitride A. Besson stated that 
ammonia dbplaces the hydrogen phosphide from boron phosphinochloride at 8 , 
and yields boron h eTniannunnunin nohlnrida. 2BCl3.9NHj, which alters but slowlv 
when exposed to air, and does not lose ammonb below 50°, but b immediately 
decomposed bv water with the production of a slightly alkaline soln. According to 
A. Joannb, the variable results obtained by the action of ammonia on boron ri- 
chloride are due to the complexity of the reaction; additive compounds arc not 
formed, but rather mixtures of ammonium chloride. Thus, with bojon Iwxunmu^ 
chloride, BC 1 s. 6 NHs=B(NHs),- 1 - 3 NH 4 C 1 ; 8nd2B(NHz)j=B3(NH),-f 3 NH, The 
ammonium chloride can be washed out with liquid ammonia—vide silicon hexam- 
mino-tetrachloride and zirconium octammino-tetraiodide. A. Joanms gdded that 
when a oarrent of hydrogen carrying the vaponr of boron chJ^ride la paased through 


4 
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liquid ammonia at -70” to -50”, and the temp, raised to volatilize the excess of 
ammonia, a mol of boron chloride fixes I,') mols of ammonia, and when the temp, 
is raised to tf”,!) main of ammonia are e.vpelled, and the vap. press, is the same as that 
of NH 4 CI. 3 NH 3 . During this reaction no nitrogen or hydropn w evolved, and from 
the increase in weight, and the action of water, whereby boric acid is formed, it is in¬ 
ferred that tliree ainido-groujis united to boron are produced from the three ammonia 
groups, so that tiie reaction at —2.3” is BCl3-j-15NH3—B(NH2)8+3(NH4C1.3NH3); 
and at O', Bds-l-tiNHs—SNHjC'l-t-BINHols, The borumide, B(NH 2 ) 3 , cannot be 
separated completely from the ammonium chloride, although the latter is more 
soluble in liquid ammonia. When the boramide is heated to 440”, it loses 1'5 mols 
of anmionia and is slowly converted into borimide, B 2 (NH) 3 , by a reaction; 
2 B(NH 2)3 •■ 3 NH 3 -|-B 2 (NI[j 3 . This reaction begins at ordinary temp, Borimide 
can he reailily se|)aruted from ammonium chloride by washing out the latter with 
liquid ammonia. A. Stock and .\I. Blix preqrared whito pulverulent borimide tri- 
hfdrochlorido, B. 2 (NI 1 ) 3 . 3 H(3, by allowing borimide to react with hydrogen chloride. 

It is decomposed by water, and is inscduble in the usual organic solvents. 

Boron trichloride has a marked tendency to form complexes. According to 
A. (ieuther, when botqn trichloride is treated with nitrogen tetroxide an energetic 
action take.s place, a solid substance Ixdng de|io.sited in the liquid, while yellow crystals 
condense on the aides of the Husk. When distilled after standing two days, volatile 
yellow crystals condense in the ri-ceiver, and the brownish-red vapour of these 
crystals fume on coming in contact with the air. A liquid which appears to be a 
soln. of the crystals in boron trichloride also passes over. The crystals have a 
composition < 5 orresponding with boron nitrosjrlchloride, BC'lj.NOCl. The reaction is 
probably lt>B(d 3 f- 6 N* 204 — 2 B 2034 T 2 (BCl 3 .N 0 Cl)- 4 - 302 . The compound forms 
, rhombic octaluslrons or prisms which dissolve in water with a hissing sound, boric 
acid, nitric acid, and chlorine being produced. At 23”-24” the crystals melt, form¬ 
ing two layers of Iluid, the upper of which a])pear 8 to consist of boron trichloride 
containing a small portion of the original substance, while the lower probably 
consists of the fused substance top'ther with a small portion of nitrosyl chloride. 
On cooling, the two layers reunite with more or less rapidity, according to 
eircuinstanira, tejiroducing the original substance. 

A. Besson fquiul that ])hosphine combines with Imron chloride with development 
of heat, and yields white boron phosphinochloride, BCtj.BHj, which alters rapidly 
when exposed to air, and is immediately decoraiioscd by water with liberation of 
hydrogen phosphide. It begins to dissociate at 20” under the ordinary press., and 
if the nroducts of dis.sociation be slowly cooled, the compound is obtained in bulky 
colonrless, highly refractive crystals. 0. Guatavson said that when boron tricbloridc 
IS heated with phosphorus pontoxide in a sealed tube, a crystalline complex boron 
phosphoryl chloride, 1 > 0 (H 3 .BCI 3 , is formed; P 206 H- 2 BCl 3 =PB 04 d-P 0 Cl 3 ,BCl 3 ; 
and that with phosphoryl cUoride a similar product is obtained, but G. Oddo arid' 

M. Tealdi denied the formation of a crystalline compound under these conditions. 

H. Schiff noted that boron trichloride reacts with alcohol, forming ethyl borate, 
and C. (ouncler studied its action on different alcohols. G, Guatavson said that 
boron trichloride readily reacts with organic compounds containing OH- or NH,- 

a S, llideal studied its action on nnilins ; C. A. Martins, with hydrogen 
*, and with cyanogen chloride ; G. Gustavson, with carbon tetrabromide : 
and with potassium cyanide; A. Gautier, with ethyl cyanide. E. Frank- 
laiid found boron trichloride converts zinc ethyl into boron ethyl, B(C.H,)o 
C. A. A. Michaelia and P. Becker, F. J. Schumacher, W. Dilthey, and A. Rosenheim 
and co-workers made boro-orgamc compounds. Boron trichloride reacts so energeti¬ 
cally with lat that A. Stock and 0. Priess devised a special valve to avoid the 
use of greased taps. 


d and B. Fig. 32, are solid glass floats, resting by three feet on the enlargement in the 
tubee, Rnd ground at top to fit into Ui© groun<^ constriction. C and D connect the other 
pieoes of apparatus. Tbt) bulb S contains clean mercury. When ,4 and B have fallen, 
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C comrounioatefl with 2>. By raiaing the mercury in F, the fioata are inU> oonsiric 
tiona, to make, with a thm film of mercury, a goa-tight seal. The floata are nmiie lo fail 
again by evacuating E and opening the tap G. 

According to 0. Oustavson, boron trichloride can be distilled from sodiuijl without 
alteration,but at 150°,some boron is formed; A.C. Vournasos found the boron halides 
are reduced with difficulty by potassium. Sodium limalgam i.s 
covered with a film of boron after being in contact with boron 
trifluoride* for a day; zinc dust does not react at 2 (K)°, but mag¬ 
nesium was found by F. Jones and R. L. Taylor to liirnish mag¬ 
nesium boride: 6 Mg-l- 2 BCl 3 = 3 MgCl 2 -l-Mg 3 B-, and iron reduced 
in hydrogen was also found by H. Moissan to form iron boride. 

N. Parravano and 0. Mazzetti found botli nickel ami iron form 
borides when heated in an atm. of boron trieliloridc’. A. Stock 
and 0 . I’riess said that boron trichloride docs not attaek hot 
mercury, L. Troost and P. Hautcfeuille found that boron tri¬ 
chloride reacts with silica at a high tem|)., forming boric o.\ide 
and silicon tetrachloride; and tliat titanic oxide, TiOj, and 
zirconia, ZrOj, act in an analogous manni'r. They also‘found lorenlai e the 

that with alumina, aluminium chloride and alutninium borate are Clreaseil Tap. 

formed; and that porcelain is attacked at a bright ri'd beat, forming 
aluminium and silicon chlorides, aluminium bor.ate, etc. (J. Oustavson stated that 
when cq. quantities of boron trichloride and boric oxide are heated in a sealed tube 
at 1,50°, boron oxymonochloride, BOCl, is formed, but R. boreuz tried to confirm 
this and found that the, product is a mi.vture of boron chloridi^ and oxide, 
2 BCI 34 - 7 B 2 O 3 . 0. Oouncler claimed to have obtained boronoxytrichloride, BOH;,, 
as a by-product in the preparation of boron trichloride ; lie described it as a yellowish • 
green liquid which decomposes on heating into boron triehloridc, chlorine, and boric 
oxide; and with water it forius chlorine, and boric and hydrochloric acids. In 
H. Borenz’s attempt to make this compound by passing chlorine over a mixture of 
tajrie, oxide and charcoal, he obtained a li(|iiid mixture of boron tricliloride and 
benzene hexachloride. The oxychloride remains as a white iilirous mass when tlie 
liquid is distilled ; it had a I'omposition BjOjiOU, or lllBOj | L'BCIj-ABjOuClj 
and not BOCI 3 as stated by C. tkiuneler. * 
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6. 154, 1807 ; R. Frankland, Proc. Roy. Roc., 26. 165, 1877; W. , 

J. von Liebig. i(cAir.%erV Jmrn., 46.! 17. im i H- V. A. BriecM, m H- 
and itn Conyenere, London, 23, 1917; B. I^reni, 
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§ 22. Boron Tribromide 

A. B. Boggiale i firHt obtai(i«‘(l boron tribromide. BBrg, by the action of bromine 
vapour on an intimate mixture of carbon and boric oxide at a red heat. He did not 
condeiiit^ his product to a liquid. ¥. Wohler and H. St. C. Deville made the tribromide 
by passing bromine over boron at a dull red heat. Before passing the bromine, the 
apparatus is dried by passing a stream of dried hydrogen over the heated boron. 
H. Gautier, J. L. li. Abrahail, H. Moissan, A. von Bartal, and A. Stock and E. Kuss 
employed a similar process. The crude boron tribromide condenses in a well-cooled 
rewdver as a yellow liquid. The product is purified by shaking it with mercury, and 
it is rectified ut atm. press, by fractionation with a distillation column. A. Stock 
and K. Kuss also disoAssed the purification of the bromide for at. wt. determina¬ 
tions. F. Meyer and K. Zappner purified the bromide by distillation under reduced 
prt'ss. 1*. G. Chabrie noti'd that a little boron bromide is formed when a mixture of 
amorphous boron with ethylene dibromide, or tribromohydrinc, is heated in a 
Healetil tube. H. Moissan noted the formation of boron tribromide when boron sul¬ 
phide is heated with bromine ; and G. Gustavson, when a mixture of boric oxide 
and phosphorus jjcntabromide is heated in a sealed tube at 140°. A. Stock and 

E. Kuss described the preparation of the tribromide of a high degree of purity. 
The. boron bromo-hydrides have been described in connection with the boron 
hydrides. 

Boron tribromide is a colourless fuming liquid. F. Wdblcr and H. St. C. De¬ 
ville gave 2'69 for the sp. gr., and A. Ghira gave 21)498.') at 074°, and T. Ewan and 
P. J. Hartog gave 2 6175 at ; and for the mol. vol., A. Ghira gave 94'72 at 0°.. 

F, Wohler and H. St. C. Deville found the vap. density to be 8'78, the normal value 
is B'772 (air unity); A. B, Poggiale found 8 46. F. Wohler and H. St. 0. Deville, 
and H. Gautief found the b.p. to be 90*5°; A. von Bartal, 90 6°; and A. Stock and 
R. Kuss, 90*1° at 740 jum. The last-named found the mol. wt., from the f.p. of 
benzene soln., to b(‘ 252 ; and the vap. press., p in mm. of mercury to be: 

r,u -HO* - Kr 0* JO* 30* so* to* do* 

V . .0-7 3 10-5 19 32 85 193 3Ui) 730 

They also gave -40’ for the m.j). of boron tribromide ; II. Gautier gave —44°. 
M. Berthelot gave tor the heat of formation (B, SBrga?)—543 Cals, and (B, 3Briiquid) 
=43'2 Cals, for liquid boron tribromide. 

H. Gautier said tl\at water rt'acts with boron tribromide with explosive violence. 
F. Wohler and H. St. 0. Deville merely mentioned the existence of boron oxybro- 
mWe; A. Besson, that hydrogen iodid!e replaces one or two atoms of bromine by 
iodine; A. Stock and 0. Poppenberg found that hydrogen sulphide converts it into 
boron sulphide ; and G. Gustavson, that with sulphur trioxide in a sealed tube at 
120°, thj* compound BgOg.SGg is formed. According to A. Besson, ammonia gas 
combines directly with boron bromide with great development of heat and partial 
conversion into boron nitride. In order to obtoin a definito compound, rise of temp, 
must be avoided. If dry ammonia, cooled to 0°, be passed into a soln, of boron bromide 
in dry carbon tetrachloride, cooled to 0°, a white, solid substance separates, and at 
the end of the reaction the solvent is expelled by means of a current of dry air at 
50°*-^°. The product is amorphous, and corresponds with hoion t6tnUBunlD0- 
tribromid^i BBrg.iNHg. At 10° tt absorbs more ammonia, but the excess b expelled 
in a current of dry air. When heated in dry oxygen, decomposition begins at about 
without Bttblima^ioa, the pn^ucts being boron nitride and ammonium bromide. 



BORON 


135 


The compound is also decomposed by water and alkalies. A. Stock treated boron 
arsinotribromide, BBrj.AsHs, with ammonia at —25°, and obtained a liquid wbicli 
gives off the excess of ammonia when warmed and forms a white solid corresponding 
with boron enneaiMunotribronude, BBrj.ONHj. A. Joannis considered that the 
products of the action of ammonia on boron tribromide are ammonium bromide and 
boramide —vide boron trichloride. A. Stock noU'd that with phosphine, BBrj.l’llj, 
is formed; with phosphorus trichloride, 2 BBr;).l’t\; with phosphoruspenta- 
chloride, 2 BBr 5 .P 0 l 5 ; with phosphoryl chloride, BBr 3 . 1 ’()('l;i; witli phosphorus 
tribromide, BBrj.PBta; with phosphorus pentabromide, BBrj.PBr,; with phos¬ 
phorus iodides, 2 BBr 3 .P 2 l 4 ; and with arsine, BBr 3 .A.s}l 3 is formed. . 1 . Tarible 
found that arsenic trichloride reacts; Astlj i-BBcj^^AsBrs-l-BClj; antimony tri¬ 
chloride reacts in an analogous manner; while arsenic tribromide, arsenictri- and 
penta-iodides, antimony tribromide, and antimony tri-iodide are readily dissolved 
by boron tribromide. G. Gustavson found that when a mixture of boron tribroinide 
and carbon tetrachloride is heated in a sealed tube at 100 °- 2 (X)°, about 10 per cent, 
of the boron forms the trichloride ; and A. Besson found that carbonyl chloride is 
converted into the chlorobromide and bromide undersimilar conditions. S. Rideal, 
U. A. A. Michaelis, etc., have studied the action of boron-bromide on organic 
compounds. 
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§ 23. Boron Triiodide 

J. IngUs 1 obtained a small quantity of a yellow sublimate by passing iodine 
vapour over an intimate mixture of carbon and boric oxide at a red heat; the 
product was thought to be an impure boron iodide ; but F. Wfibier and H, St, ('. De¬ 
ville were not able to make boron iodide by the direct union of the clenumts nor by 
heating a mixture of boron with silver iodide. 11 . Moissan first (‘stablished the 
existence of boron triiodidc, BI 3 , which ho obtained in 18511 by heating a mixture 
of the vapours of boron trichloride and hydrogen iodide ; by the action of iodine 
vapour on the amorphous boron of F. Wotder and H. St. C, Deville, ^at iCk) - 1 ^ 8 ) ; 
and by the action of hydrogen iodide on red-hot amorphous boron. 1 he last-named 
process is considered to be the best. The boron is first heated to about 2 (K) in a 
stream of dried hydrogen. It is then heated in a Bohemian glass tulaq almost to 
the m.p. of the glass. A stream of hydrogen iodide, dried by passage over caieium 
iodide, is passed through the tube. The boron triiodide sublimes in large lamellai 
which have a putplc-red colour owing to the presence of a little free iodine; tlie crude 
product is purified by dissolving it in carbon disulphide, shaking it with mercury 
to remove free iodine, and recovering the iodide by evaporating the soln. It is con¬ 
sidered remarkable that the amorphous boron of H. Jfoissan is not satisfacto^, while 
the less pure preparation by F. Wohler and H. St. C. Deville s procew is satis- 
iactory. A, Besson said that only rf small portion of the boron is attacked, end that 
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thw portion niuHt be a more acfive variety than the remainder of the boron, but 
H. Moissan said that the more active variety is probably a mixture of iron and 
sodium borides. A. Besson also obtained a mixture of boron dibromoiodide, and 
bromodiiodide, with boron triiodide, by passing a mixture of the vapours of 
hydrogen iodide and boron tribromide through a glass tube heated to 300°-400°. 
After shaking the mercury, the three constituents can be separated by repeated 
fractional distillation, boron dibromoiodide, BBrjl, boils at 12r)°; boron bromodi¬ 
iodide, BBrlj,, at 180'’; and boron triiodide at 210°. The yields are poor. The 
two bromoiodides are colourless liquids. Light alone has no action on them, but 
moist air and light decompose both compounds as in the case of boron triiodide. 
Both compounds are decomposed by water with violence. 

Bordli triiodide forms colourless crystals. According to H. Moissan, the. 
compound melts at 13“, and readily crystallizes on cooling; the sp. gr. at 0O° 
approximates to 3'3; the liquid boils undecomposed at 210°. Boron triiodide is 
not changc'd by an electric current of .K) volts. The crystals are very hygroscopic, 
and readily deeomjiose on exposure to air, or to light, and iodine is liberated. 
A. Besson said that light alone does not appear to have any action, and he thinks that 
the moisture first decomposes the iodide into boric and hydriodic acids, and that 
the latter is decomposed by air and light into iodine and water. H. Moissan found 
that boron triiodide is not altered when heated to redness in a stream of hydrogen. 
When the vapour is heated to ri'dne.ss in a glass tube, it burns when brought in 
<»ntucd with the air, and iodine is then set free ; a similar result is obtained by 
heating the iodide in oxygen. Boron triiodide is immediatidy deconqmsr'd by water 
into a mixture of boric and hydriodic acids without the separation of iodine. It is 
rapidly attacked by melted sulphur ; at 1(X)°, boron trisulphide is formed ; a .soln. 
of aulphur and boron triiodiilc in carbon disulphide at ordinary temp, forms boron 
■pentasulphide. 

According to A. Besson, ammonia unit<‘s with boron triiodide with the develop¬ 
ment of much heat. When a current of ammonia cooled to tl" is passed into a soln. 
of boron triiodide in larbon tetrachloride, cooled to 0°, white amorphous boron 
pantamminotriiodida, Bla.^iNHg, separates. 'This beconms brown when exj)Osed 
to lijjht; a little iodide is also decomposed when the .salt is heated in a current of 
hydrogen, iodine being liberated ; and it is deconqw.sed by water. In a current of 
dry ammonia, the pentammine absorbs the gas rapidly, and yields a liquid ajjproxi- 
mately of thi' composition of boron pant^ecamminotriiodide, BIj.lfiNHs; but 
even at 0° this compound is unstable, and in a current of dry air it gradually 
loses ammonia, and is reconverted into the original comj)ound. According to 
A. Joannis, it is probable that additive compounds are not formed by the action 
of ammonia on boron triiodide, but rather a mixture of ammonium iodide and 
borsmide—aide boron chloride. Boron triiodide reacts with warm phosphorus 
(onlinary or red) with incandescence; but H. Moissan found that with soln. of 
the two substances in carbon di.sulphide, in a closed vessel, boron phospho- 
todide, BPI,,, is formed; he also found that boron triiodide dissolves in liquid 
phonborus trichloride or in liquid arsenic trichloride. A. Besson said that boron 
triiodide forms a crystalline compound with phosphine. H. Moissan found boron 
triiodide resets vigorously with phosphotyl cUoride. Boron triiodide is readily 
soluble in carbon disolpUdPi >0 carbon tetrachloride, and in benzene. Absolute 
alcohol reapts thus; 6C2H,OH-h2Bl3=2HsBO,,-t-6C2H5l; ether reacts: SiC^HslaO 
d-BIj^SCjHjI-l-BfOCjHjlj. Most ethers, carbohydrates, and ammonium-bases 
react vigorously with boron triiodide. 

According to H. Moissan, boron triiodide can be distilled unchanged from 
sodium, but at a red heat there is a reaction; magnesium acts at 500° with 
incandescence ; silicon is not attacked at a dull red heat; aluminium, and silver 
do not react with boron triiodide at 500°; but silver fluoride reacts in the cold, 
forming silver iodide aud Iwron trifluoride. 
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*§ 24, Boratochlorides, Boratobromides» and Boratoiodides 

The mineral boracite is comj)aratively rare; it was deserihed by («. 8.0. Lasiua' 
in 1787 as a cubical quartz ; in 1788, J. F. Westrumb found tliat it contained b()rie 
acid, magnesium, and calcium, and hence called it I.unehcrtj sedatiic sfiiir; A.U. Wer¬ 
ner named it borazile. L. N. Vaui|u<‘lin called it borate maqnhio-calcairc. An 
analysis by 0. H. PfafE in 1813 corresponded with the formula MgB 204 , but it was not 
until 1858 that H. Hose, and W. Heintz demonstrated that magnesium cldoride is 
an essential and not an accidental constituent. It occurs in crystals cmbeddiMl in 
anhydrite, gypsum, or rock salt, at Kalkberg and fikdiildberg (Liun'berg, Hanover); 
Seegeberg (Kiel, Holstein); Douglasliall (Westcreg<'ln), liev|K>l<lshall (Stassfurt), 
Holvayshall (Bernburg); Biineville (Ba Meurthe, France); and, as shown by 
M. K. Campbell, among the borates of Nevafla ami Ori'gon (Cnited States). A 
massive variety was called siimfnrtHc by C. Kos(‘; it occurs in the eaniallite and 
kainite zone of the Stassfurt salt deposits, and it may resemble fine-grained nmrbje, 
or granular limestone, or it may be more or less earthy and tinted variously green, 
yellow, or red by impurities. The occurrence of stassfurtiti' has been studied by 
J. Noggerath, E. Reiehardt, F. Bischof, H. E. Boeke, C. J. B. Karsttm, etc. 
Analyses of boracite crystals have been made by F. Stronuiyer, .1. A. Arfvedson, 
C. F. Hammelsberg, H. Rose, L. Potyka, W. Heintz, etc.; and analyses of sta^- 
furtite have been made by C. J. B. Karsti'n, W. Heintz, (’. F. (Iiandler, H. Ludwig, 
L. Potyka, H. Precht and B. Wittjen, etc. The results are best represi'iihal by 
the fortmda: MgyBioOyoCl^- or GMgO.HB.^Os.Mgf'l^, magnesium hexadecabora- 
todichloride. F. Bischof uses ( 3 Mg 0 . 4 B 203 ) 2 Mg('I.. for boracite, and 
( 3 Mg 0 . 4 B 03 )( 3 Fe 0 . 4 B 203 )MgCl 2 for iron boracite. P. Oroth rt'gards lK)racitejis 
a salt of diboric acid in wliich the two chlorine at-oms are unitetl diryctly to boron, 
and not to magnesium, (d.B : : B.O.Mg(O.B: O.^: B.OMg)(jO.B: 0^; B.(4. Tint 

analyses range from oBiM) to Glf'77 ])er cent, of boric oxide ; !24'lt3 to aU 0 per cent, 
of magnesia; and 9'97 to 11'75 jst cent, of magnesium chloride. The ferric oxido 
ranges uj) to 1'6 per cent., and a variety with about half the magm’sia replaced by 
ferrous oxide was called iron boracite, or rather EiscnMa^sfurtil, by A. Huyssen. The 
water in the analyses of crystals of boracite ranges up to about 2 i)er cent., I»ut in the 
massive stassfurtite uj) to 11'27 per cent, has been reported. (’. F, Chandler said 
that stassfurtite retains no water if dried at UK)". The mineral is slightly He- 
((uescent on exposure, and this led to the view discussed by F. Bischof, and A. Htcin- 
heck that there is a hydrated boraciU*; the plumose interior of sorms crystals of 
boracite was called jmrasite, by G. H. 0. Volger, and is jirobably a result of this 
action. L. Potyka observed the conversion of boracite to stassfurtite by the slow 
absorpton of water. 

Boracite was synthesized by L. Bourgeois, and W\ Haintz by slowly cooling a 
molten mixture of magnesia and boric acid with a great excess of sodium and 
magnesium chlorides. The product is washed first with water and th(‘n with cold 
cone, hydrochloric acid until the prismatic crystals of magnesium horaU‘ have been 
removed. The product is washed and dried. A. de Gramont heated a mixture of 
one part of borax with two parts of magnesium chloride with a little waU*r for 
2 or 3 days in a tube at 27r)’-280°. G. Rousseau and H. Allam’ obtained Iroracite 
by the action of the va{>our of magnesium chloride on boTonatro< alcit<*. 

The crj'staU of boracite have attycted much attention. At first sight they 
appear to belong to the cubic system and to have t>olar dites^rul symmetry. The 
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ordinary form U that of a cube with an octahedron and dodecahedron; but usually, 
the faces of one tetrahedron are large, and those of the other small; and one is 
bright, and the other dull. The crystals have been studied by B. Schultze, 
C. Klein, H, Bucking, H. Baurahauer, 0. Mugge, F. Rhine, A. Karnojitzky, etc. 
C. Ochsehius observed pseudomorphs of boracite after quartz. The cubic form of 
boracitc crystals naturally suggests that the crystals will be singly refracting and 
optically isotropic. On the contrary, boracite exhibits an anomalous double refrac¬ 
tion, for it is strongly doubly refracting, and exhibits brilliant polarization colours. 
This is not characteristic of cubic crystals. D. Brewster first established the 
birefringency of Ixiracite. Between crossed nicols, the mineral sometimes appears 
to haw a fibrous or lamellar structure. A thin slice cut parallel to one of the cube 
faces Jhows a division into four fields along the diagonals of the face, and each field 
exhibits an optic axis characteristic of biaxial crystals; there are also twin lamina¬ 
tions. J. B. Biot attributed the phenomenon to the separation of the crystal into 
a system of plates ; F. C. Naumann, G. H. 0. Volger, H. Marbach, F. Klocke, and 
F. E. von Reusch to the existence of strains produced when boracite originally 
crystallized at a high temp, as a cubic mineral, and developed stresses and strains 
during the contraetion on cooling. I’. Groth pointed out that boracite is found 
enclosed in gypsum, a hydrated mineral which could not be formed at a high temp, 
except under a great press. The internal strain hypothesis is not likely in view of 
the fact that each portion of the crystal has a definite refraction, birefringence, and 
axial angle, showing that the various portions difler only in their orientation. The 
crystal of Imraeite, indeed, consists of definite individuals united by twinning on 
planes parallel to the dodecahedron faces of the cubic crystal. E. Mallard’s 
hypothesis is generally accepted : 

ItnaKiiio a rliomlik- dodwahodron to lio coiiiitnictod of twelve pyramids, eaeli having a 
dodecahedron face for base, and its a|>ex at the centre of the crystals. Kach of these will 
then be one of the twelve rhombic or inonocHnic individuals which form the crystal of 
boracite; the axial piano of each crystal will be parallel to the longer diagonal of the 
rhombic lace, and a bisectrix poriwndiculur to the face; the true axial angle being about 90®, 
one optic axis will be jierpendioiilar to each cube face. The interi>enotrating constituent 
crystals meet in irregular boundaries. 

K. Mallard .showed that the rhombic constituents of the boracite crystals have the 
axial ratios a : 6 : o 4)'7071.'): 1:1. H. Baumhauer, 0. B. Boggild, C. Klein, 
J. Beckenkamp and W. Agafonofi have, also studied the twinning of boracite 
crystals. H. Baumhauer found the corrosion figures with a mixture of hydrochloric 
and sulplmriu aeids are in harmony with E. Mallard’s hypothesis. 

When a 8e<4ion of a crystal of boracite is heated, the birefringence of the different 
|iortions changes, as is demonstrated by the change in the interference tints ; the 
Imundaries move and often take up different positions when the section is allowed to 
cool, E. Mallard further showed that at 26.fi°, all these optical differences abruptly 
disappear, and the crystal becomes Isotropic, and Ls dark between crossed nicols ; 
on cooling, the, optical anomalies, complex structure, and twin lamination reappear. 
This shows that boracite is dimorphous, and that above 265° the crystal is isotropic 
and cubic; and below that temp, it is biaxial, probably rhombic. W. Schwarz 
gives 265 2 for the enantiotropic transition temp. F. Rinne found a greyish-green 
boracite with 7’9 jier cent, of ferrous oxide, changed to a deep bluish-green when 
heated, but the green colour was restored on cooling. The transition temp, was 
raised 20° by the contained iron. According to R. Brauns, the doubly-refracting 
boracite found in salt deposits first crystallized in the cubic form below its transition 
temp., 266°. 0. Miigge assumed that there must have been a local rise of temp, 
during crystallization, but R. Brauns believed that the metastable crystalline form 
usually separates first— e.g. sulphur, potassium nitrate, and mercuric iodide—and 
with boracite the meta.stable cubic form was first produced. 

C. J. B. Kareten gave 2'76 for the sp. gr. qf boracite; F. Bischof, 2'667; E. Reich- 
nrdt, 2’38-2'468 j C.,F. Rammelsberg, 2'955 ; H. Ludwig, 2‘507 ; C. F. ChandUt, 
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0 soV **•*' calcination. A. de Gramont gave 

2 89 for the sp. ei. of the artificial cryetals, and B. Sehiiltze, 2 !)0-2'92. BorLitc 
IS harder than felspar ; the hardness is 7 on Mohs’ scale. W. Meyerhoffer found an 
mcKtm m vol. with rise of temp, up to 255°, and from 265»-267‘’ a decrease in vol. 

J. J. Berzelius found that boracite melts before the blowi.ipe, forming a clear glass 
which cools to an opaque glass with needle-like erystails; and G. Rose added that 
stassfurtite behaves similarly, but is rather more fusible. K. Mallard and H le t’lmte- 
licr observed a slow increase in the sp. ht. with rise of temp, up to 2.'-i2", and a rapid 
rise between 252 and 277°, and after that a small decrease. The mean sn. ht of 
rhombic boracite, according to W. Schwarz, is 0-240, and of cubic horaeitA'. 0-265. 

K. Kroker found the sp. ht. of hexahedral and of dodecahedral boracite to be. 


-32“ 50“ luo- 201l“ 2:i)' 3U0 

Hexahedral . 0'1607 0-2124 0-231)8 0-2901 ( 1 - 20.50 0 - 37.57 

Dodecahedral . — 0-2157 0-2398 0-2901 0-2.532 0-4781 


The results in the former ca.se are represented by 0-1809614-} 0'0006313844tf 
- 0 - 0000004284 ^ 2 ; and in the latter case by 0-1800647 f 0-00063i;i844tl 
—0’0000004284^2. D. Brewster found the index of refraction to be 1-701. R. Mallard 
gave for the mean index of refraction for white light, a=-l-6622 ; -=1-6670; and 
y—1*6730. B. Marbach measured the effect of b'inp. and found for light A ; fyUG, 
r6776 at 290°, and 1*6796 at 502°; and for A=:'5876, r6714 at 290° and 1*6741 at 
502°. P. Gaubert measured the effect of press, on the double refraction of the 
crystals. R. J. Hauy found in 1791 that when a cube of boracite is heab^d, it becomes 
positively electrified on four of its corners, and negatively on the remaining four 
corners. Hence if a mixture of red-lead and suljihur be blown or sieved upon the 
crystal, four of the corners negatively electrified will be coloured by the red-lead as 
the crystal cools, and the other four corners will be coloured by the sulphur, The 
subject has been further studied by F. Kohler, W. Hankcl, P. t. Ries and G. Rose, 
E. Marbach, C. Friedel and J. Curie, A. Kundt, and W. C. Rontgen. K. Mack 
showed that the pyroelectrical behaviour disappears at 265°, and is mainly develojied 
along certain lines which traverse the surface of the crystal, and that these arc the 
lines of contact of the twelve sub-individuals whose existence is indicated by»th<? 
optical properties of the crystal, J. and P. Curie found that piezoelcctrical 
jiroperties are developed in crystals of boracit<^ such that cooling and compressitm 
develop the same electrification at the same corners of the crystal. Theoretical 
explanations of the optical behaviour of the crystals based on the arrangement of 
the structural units in the space lattice have been investigated by B. Mallard, and 
J. Beckenkamp. H. Haga and F. M. Jager found that the X-radiograms of boracitA; 
above and below the transition point are identical within the limits of experimental 
error. 

A. Kenngott found that powdered boracite, both before and afU*r calcination, 
is very sparingly soluble in water, to which it imparts an alkaline reaction. W. Heintz, 
H. Ludwig, and H. Rose showed that th(5 contained chloride cannot be reniovc<I 
from boracite by washing. J. H. van’t Hoff has investigated the jiaragenesii? of 
boracite. K. Kraut found that boracite is slowly soluble in acids; and JK. Bischfd 
made a similar observation with respect to stassfurtite. K. Kraut also found that 
when boiled with a soln. of ammonium chloride, an amount of ammonia is evolved 
eq. to the contained magnesium oxide. 

G. Rousseau and H. Allaire prepared a series of boratochlorides, isomorphoiw 
with boracite, by the action of the vapours of metallic chIorid(‘8 on native calcium 
borate or boronatrocalcite. The products contained O'S to 1*2 per cent, of calcium 
as impurity. The results with borax in place of the calcium IwraU* were un¬ 
satisfactory. W. Heintz's and A. de Gramont's methods for boracite also gave 
negative results except in the case of zinc. The oxychloroborates are 
obtained by the action of the vapours of the metallic chlorides on boracit«. 
If calcium borate or boronatrocalcite be freed from sodmm, it does not yield 
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oxychloroborata, showing that the sodium borate is probably converted into the 
chloride, which then acts as an (tgent naneralizalenr. H. Allaire considered that 
the best way of prci.aring boracite consists in passing hydrogen chloride over the 
amorphous borate at a dull red heat. The product is well crystallized. All 
the chloniboratcs crystallize in cubes, tetrahedra, and dodecahedra, and they 
have the psmido-cubic syiifinetry and optical characters of natural boracite. 
The gimcral formula is (iMO.SBA-MCla, where M stands for an atom of the 
bivalent idi'inent. Zinc-hormile, or zinc hexadecaboratodichforide, 18 '•obtained 
by the action of tbe vapour of zinc chloride on borax at a dull red heat; ^ by 
adding boric acid and a little borax to a fused mixture of zinc and sodium 
chlorides; and by the wet processes used by W. Heintz, and A. de Gramont for 
boracite. The salt forms colourless tetrahedra and dodecahedra, of sp. gr. 3’48; 
and they are very stabh'. Colourless crystals- chiefly cubes with some tetra¬ 
hedra and dorlecahedra- of ciulmium-Ixyracite, or cadmium hexadecaboiato- 
dichlonda, were obtained by passing dry (dilorine over an intimate, mixture of 
borouatrocalcite and the finely divided metal at a red heat. T. J. Herapath 
obtained lead botatodichloride, RbCla-I’bfBOala.HaO, by mixing cone. soln. of 
borax, and lead chloriih', washing the [iroduct with warm water, and drying it over 
sulphuric acid. The microsco))ic rmedh's lose water at 2(X)'’; and are hydrolyzed 
by hot water. Yellow tetrahedra and dodecahedra of rikkel-boracile, or nickcl 
hezadecaboratodichloride, were obtained in a similar way. The corre.sponding 
colmU-boriKite, or cobalt hexadecaboratodichloride, forms tetrahedra and cubes 
which are violet by reflected and green by transmith'd light. White cubes of 
mamjamw-hmKile, or manganese hexadecaibotatodicbloride, were formed by the 
action of chlorine on a mi.xture of boronatrocaleite and manganese carbide, the 
product bt'ing purified by treatment with cone, hydrochloric acid, and any carbon 
Deing separated by nmaiis of broinoform and methylene iodide. The case of iron 
iiresents special difliculties, becuu.se ferrous chloride is not volatile at a sufficiently 
low temp. Good results are, however, obtained by |>n.ssing the vapour of ferric 
chloride over aii intimate mixture of calcium borate with a large excess of small pieces 
of wrought-iron or of steel wire, the mixture being heated at about 330°. Ferrous 


chloride is formetl. and immediah'ly reacts with the borate. The excess of ferrous 
chloride is dissolved by. means of water, and the unattacked iron is easily separated. 
Tbi! /(■mm.s'-homci/c, or terrous hezadecaboratodichloride, so produced forms greyish 
transparent crystals; it dissolves slowly in nitric acid, and is rapidly decomposed 
by fused alkali carbonate. T. J. Herapath made fine acicular crystals of mono- 
hydrated lead diboratodichloride, PbGU.Pb(B 0 . 2 ) 2 .H 20 , by the action of a cone, 
soln. of borax on one of lead chloride. The crystals are not appreciably affected 
by cidd water, Init they are decomposed by hot water and by nitric acid. 

G. Rousseau and H. Allaire jjrepared a aeries of boratobromidcs or bromo- 
boracitM analogous to the boratochlorides, and by similar methods—by the action 
of bromine on a mixture of metal and boronatroealcite. W. Heintz’s method for bora¬ 


cite is applicable for zinc and magnesium bromoborate-s. The cubes, tetrahedra, and 
dodteahedra .seem to have the pseudo-cubic .symmetry characters of boracite ; they 
have the same general formula, flMO.SBoOj.MBr.^. Colourless crystals of magnesium 
hexadeoaborstodibromide are formed by the action of the vapour of magnesium 
bromide qn calcium borate heftted to redness in an atm. of carbon dioxide ; zinc, 


oadfflium, and manganese hexadecaboratodibromides form white crystals; ferrous 
hendecaboratodibromide forms grey ish-white cubes and octahedra, and is obtained 
by passing bromine over an intimate mixtun- of boronatroealcite with iron wire 
heated to redness. The crystals are larger the higher the temp., and are mixed 
with black prisma of ferric borate which can be removed by treatment with cold, 
cone, hydrochloric acid. Iron Iwratobromide dissolves slowly in warn nitric acid. 
The corresponding cobalt hexadecaboratodibromide is green by transmitted light, 
and violet ^ reflected light; while nickel heaadecaboratodibromide is yellow. 

H. Allaire preparedia number of boratoiodides, or iodoboiaoites, by fusing mol. 
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proportions of the iodides of sodium and of the metal chosen with boric acid and a 
small quantity of borax, in a steel crucible on to which is fitted a cover furnished with 
a small iron exit-tube ; this is necessary in order to prevent a([, vapour from the 
furnace coming into contact with the conbuits of the crucible. They a«' aualogou.s 
with natural boracite in comjrosition and crystalline habit, The general formula 
is GM 0 , 8 B 203 ,Ml 2 . Magnesium hexadecaboratodiiodide is obtained only with 
difficulty by passing the vapour of magnesium iodide over heatsal magnesium 
borate ; it is also formed, but in an impure state, by the action of iodine on a mixture 
of magnesium and its borate heated in an atm, of hydrogen; it forms colourless 
cubes and tetrahedra. The zinc hexadecaboratodiiodide is, however, readily pre¬ 
pared by passing a stream of carbon dioxide laden with iodine vapour over a 
heated mixture of zinc and zinc borate ; the cadmium hexadecaboratodiiodtde and 
manganese and iron hexadecaboratodiiodides are prepared similarly, and closely 
resemble the zinc derivative, but the nickel hexadecaboratodiiodide is yellow, and 


the cobalt hexadecaboratodiiodide, violet in colour, 

H, Ic Chatelier,2 and L, Ouvrard prepared a series of boratochloridcs and boratq- 
bromidcs of the alkaline earths by fusing together different proportions of borii' 
oxide and the calcium halide, in varying proportions with or without lime. He was 
unable to make the corresponding boratoiodides. When 'mixtures of a mol of 
boric oxide and two mols of calcium iodide are fused with varying proportions (d 
lime, crystals of calcium borate are produced with CaO:Bd);i in the molar ratios 1:1, 
2:1, and ,1:1, A, Ditto was also unable to make iodo-niiatit<'s by means of the 
iodides of the alkaline earths owing to their ready decomiiosition ; he had better 
success with the double iodides of the alkali(*s and alkaline, earths,^ 

According to H, le Chatelier, when a mixture of boric and calcium oxides in any 
proportion is projected into fused calcium chloride, the mass becomes incandesemit, 
a clear soln, is formed which then becomes turbid owing to the separation of tri- 
clinic crystals of calcium orthoboratodichloride, CujfBOslo.t 'aOh- This eompouiid 
was also made by L, Ouvrard : it is slowly decomposed by alcohol, and rapidly by 
water and moist air, b, Ouvrard melted a mixture of 0 5 mol of calcium oxide, 
one mol of boric oxide, and .5 mols of calcium chloride ; and obtaiimd arborescent 
masses of granular crvstals of calcium trimetaboratodichlonde, 1t aO,1B,d);, ( a( 
or 3Ca(B0o).> OaCL, ’ The same compound Is obtaiiie,! by fusing one (lart of bone 
oxide with 8 parts of calcium chloride. The salt is feebly active towards imliu-'z;;'! 
light, and is rendered opaque by water, Lamelhe of ealcium borate, ( 
active towards polarized light, arc formed at the saim. tiine I. ( uvrard prepared 
needles or prisms of calcium decaboratodichlonde. 3 ta 0 .,)B 203 ,(.a(l 2 , showing a 
feeble longitudinal extinction. The salt is scarcely affected by water or dll, acetic 
acid, but dissolves in dil, mineral acids. When a mixture of boric oxide and 
strontium chloride, with or without the addition of not more than one 
per mol of boric oxide, is fused, long needles of strontium decaboratofficUonde, 
3 Sr 0 , 5 Bo 03 ,SrCl 2 , arc formed. If the proiiortion of stroiitia be increased borates 
are formed. The crystals show longitudinal extnictioii, and J'T 

water or cold dil, acetic acid, L, Ouvrard prepared >>"ium d^botatodl^o^c, 
3 Bn 0 , 5 B 203 ,BaCl 2 , in an analogous manner; he also obtained calcium Oeca^ 
bor 8 todibromide, 3 CaO,.')B. 203 ,CaBr 2 , by fusing u niixture of bone 
with calcium bromide (2 mols), with or without the addition o lime ( « ' 

0-5 mol); it forms needles or prismsshowmg longitudinal extinction, almosttnsolubh 
in dU, acetic acid, but soluble in mineral acids; " '"'J"j 

creased to 1 mol,, calclum trimetabotatodibromffie. 3 CaO, 3 B 203 .CaBr^^ 

as transparent octahedra or arborescent, crystalline ni^s, ee j “ ,, 

polarized light, very sparingly soluble in water, but readily so in i. ^ 

TOwever, the proportion of lime be increased to 2 mols or 3 mo , ijUp™:.. 

borate, SCaO^Bj^, or 3 Ca 0 ,B 203 , are respectively obtained. B, 

prepared stioiitiam decaboratodibromide, 38r0.5B203,ferBr2, and banum deca> 
boratodibromide, 3Ba0.56203,BaBr2*. 
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§ 26. Boron Sulphides 

, J. J. Bormlius,* obsi'rvcd that boron burns when heated to redness in sulphuric 
acid vapour, forming a white deposit on the sides, and a grey deposit on the Iwttom 
of the containing vessel. The white powder is bonm triralphide, BoS,, and the grey 
deposit is a mixture of this and uncombined boron. If the boron be merely heated 
untal it takes fire, and no further application of heat is made, the sulphide which is 
formed contains an excess of sulphur. When sulphur and boron are melted together, 
the excess of sulphur can be distilled from the olive-green mixture. H. Hoissan 
pointed out that at 610°, when the combustion is very vigorous, the boron sulphide 
coats the boron protecting it from further action so that the transformation is 
incomplets. This was also emphasised by QsQustavson. 
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F. Wohler and H. St. C. Deville, P. Sabatier, anS H. Gantier, heated the boron 
in a stream of hydrogen sulphide. N. D. Costeanu plseed the boron in a small boat 
in a porcelain tube fitted in a tube furnace, Fig. ,53. Kach end of the porcelain tube 
ia cemented to a wider glass tube; glass plate.s, G, II, are cemented to the free ends 
of the glass tubes so that the inner tube is visible from end to end. The ends of 
the porcelain tube are cooled by coils of lead tubing. A. B, through which cold 
water flows. One glass tube has a side tube through which the thoroughly dried 
mixture qf hydrogen and hydrogen sulphide can be passt'd. The other end is 
fitted with glass bulbs, 0, D, E, and with a calcium chloride tower, F. The apparatus 
is first dried and cleansed from air by a stream of dry hydrogen ; t he temp, then 
raised to 1500°, and the mixture of hydrogen sulphide and hydrogen introduced. 
The speed of the current of gas should be sufficient to allow some crystals of the 
sulphide to deposit near A, and a white powder collects in the bulbs (', D. and E. 
If too much hydrogen sulphide be used, the tube will be obstructed by the decom¬ 



position of impure sulphide ; consequently the hydrogen sulphide must be largely 
diluted with hydrogen. 

H. Moissan passr^d the vapour of dried carbon disulphide over boron at a bright 
red heat, and found that carbon is deposited in the tube while, the boron sulphide 
is volatilized. J. Hoffmann suggested a cheap method of preparing boron sulphide 
by passing hydrogen sulphide over commercial manganese or iron boride at 6.3(1 - 
640°, and washing away the excess of sulphur with carbon disulphide. The ferro- 
boron is more rapidly decomposed and gives a better yield than the mangano-lioron. 
In both cases, only a portion of the contained boron is converted into sulphide. 
F. Wohler and H. St. C. Deville made, the sulphide by melting boron with lead 
sulphide; 3PbS-l-2B=B2S3-|-3Pb, and H. Moissan found that the sulphides of 
zinc, arsenic, or antimony acted in an analogous manner at a red heat. K PVemy. 
and M. Skoblikoff passed carbon disulphide over boric oxide or a borate mixed with 
carbon and heated to a high temp.; H. Moissan passed a stream of hydrogen 
sulphide over amorphous boron heated on a gradually rising temp, to 4<X) so 
as to expel the excess of sulphur; and A. Stock and 0. Poppenlierg obtained boron 
sulphide by passing a mixture of hydrogen and borotj chloride through a tube at a 
dull red heqt; and also by heating sulphometaboric acid, HBSj, to 300°. ' 

Boron sulphide as a white microcrystalline powder; when sublimed it furnishM 
white needle-like crystals which, according to E. FrAiny, have a sulphurous smell, 
and affect the eyes. H. Moissan said that the sp. gr. is 1'65; and the.m.p., 310 . 
The molten sulphide solidifies to a glassy mass which, when exposed to air, is more 
stable than the ordinary form. Boron sulphide volatilizes when heated in a stream 
of inert gas; P. Sabatier detected volatilization in hydrogen at 300 . The heat 
of formation, determined by P. Sabatier, is (2B, 3S)—82'6 Cals.; A, Stock Md 
0. Poppenber^gave 2BClj-t-3H,S==flHCl-i-B28,—31'1 Cals. ; and 2BBr((-(-3H,S 
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«= 6 HBr+B 28 ,+ 10-9 Cals. I"? Sabatiar gave for the heat of decomposition in 

water B 2 S 3 t (iH 20 ii,,„i,i— 2 H 3 B 0 j„,i„,+ 3 H 28 i|oin.+W '8 Cals. 

E. Freiiiy noU'd that a little .sulphur is given off when Ijoron sulplndc is heated 
in hydrogen. 1*. Sabatier said that boron sulphide is dissociated in hydrogen at 
temp, exceeding .TO", forming hyilrogen sulphide and Ixiron subsulphide, B 4 S. There 
is some doubt about this l^eeaust! H. .Moissan .said that, at a red heat, boron tri- 
sulphide is not alleided by this gas. If. Moi-ssan found that boron sulphide burns 
with a green llanie when heated in oxygen, and Iwrie oxide is formed. Jloron sul¬ 
phide absorbs moisture from the air with extreme rapidity, but the glassy form is less 
speedily affected by moist air. J. J. Berzelius, P. Sabatier, and H. Moissan have 
emphasiifed how violently Iwron sulphide reacts with water, forming hydrogen 
sulphide and boric acid. When the gri'y sulphide is treated with water, J. J. Ber¬ 
zelius noted that lum-sulphurized boron colleits as a sediment, while the sulphide 
with an excess of sulphur ilefsisits milk of sulphur. .1. Hoffmann showed that 
the glassy sulphide is also vigorously attacked by water. According to H. Moissan, 
boron trisulphide inflames in chlorine in the cold, forming Ixiron trichloride and 
sulphur tetrachloride; it warmed a little, it also reacts with bromine, forming 
boron tribromide and^ sulphur tetrabromide; but it does not react with melted 
iodine ; 1*. Sabatier said that at a dull red heat boron triiodide is formed. 
According to H. Moissan, hydrogen chloride transforms boron trisulphide at 400° 
into boron trichloride and hydrogen sulphide; hydrogen iodide has no action 
iinderthese conditions, sulphur dis.s<dves in boron trisniphide and some pentasulphido 
is formed u.irfe infra; boron sulphide forms a complex with sulphur chloride; 
at a red heat, it is not affected by nitrogen. 

According to H. Moissan, dry ammonia is rapidly absorbed with the development 
of heat, and a yellow powder is formed which becomes whiti' when the tmnp. is raised, 
and which with potassium hydroxide gives off ammonia. A. Stock and M. Blix 
said that if ammonia be liijiiefied over siilphometaboric acid, HBSo, and shaken for 
some hours, a deep yellow soln. is formed; if the ammonia be evaporated at 0°, 
a yellow liciuid remains, which at ordinary tmiip. gives off ammonia and hydrogen 
sulphide, forming a solid, possibly boron hexamminotrisnlphide, Bo(NH 3 ) 8 S;|— 
pcQhapa identii'al with H. Moissan's yellow powdiw. At 104°, it decomposes, thus 
BjSj . 6 NH 3 -= 3 NH 48 H-f Bs(NH) 3 . The reaction with water is not particularly 
violent, and a yellow soln. is formed. A. Joannis said that the product of the 
action of ammonia on boron trisuliihide is jirobably a mixture of ammonium hydro- 
sulphide and boramide - -wV/e boron trichloride—but A. Stock and M. Blix say that 
this cannot be the case because it does not lose ammonium sulphide by volatilization 
at ordinary temp.; it dissolves completidy in liquid ammonia, and does not leave 
a residue of the insoluble borimide. 

H. Moissan said that boron trisulphide burns in nitrogen peroxide, forming 
boric oxide and sulphur; it does not react with phosphorus at a red heat; it unites 
with phosphorus and arsenic chlorides, forming douhle chlorides; it is very soluble 
in phosphorus trichloride, and the soln. deposits fine needle-like crystals— its solu¬ 
bility in phosphorus trichloride is augmented in the presence of sulphur chloride, and 
the soln. also yields separations such as occur when sulphur chloride is absent. Boron 
trisulphide does not react with carbon or silicon at a red heat. N. D. Costeann said 
that carbon dioxide comiuenegs to act on boron sulphide at about 300°, the reaction 
is faster ht higher Uunp.; sulphur, carbon monoxide, and boric oxide are formed : 
B 2 Sj-t- 3 C 0 j= 3 C 0 -f- 3 S-fBo 03 . H. Moissan said that boron sulphide decomposes 
alMhol and ether ; and organic compounds generally react with boron trisulphide 
giving off Wdrogen sulphide. It is, however, insoluble in most of the recognized 
solvents. The metals potassium, sodium, magnesium, and alu m i n iu m decompose 
boron sulphide, forming the metal sulphide, and may be the metal boride; but 
copper, suver, aino, mwcury, and iron do not rea’ct. 

P. ^bqitier found that if boron trisulphide be heated to 300° at one end of a sealed 
tube, while the other end is cooled by water, boron trisulphide first forms a sublimate 
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of long needles, and behind this appear dto])S of a colourless liquid which, when 
cooled for some hours, forms white masses which ho considers to be boiOD bjrdto- 
(nlphide, B(SH) 3 , or SHjS.B^Ss. A. Stock and 0. Poppenberg passed a curn>ut of 
drM hydrogen sulphide into a carbon disulphide or benzene soln. of boron tri- 
bromide. The evolution of hydrogen bromide begins at once, but the la'ter stages 
of the reaction are so slow that it requires about 6 days ift order to ensure the complete 
expulsion of all the bromine as hydrogen bromide. A. Stock and M. Blix supiiosc 
the reactfen occurs in two stages; (i) A quick reaction between the boron bromide and 
hydrogen sulphide, forming boron sulphobromide; and (ii) a alow decomimsition of 
the sulphobromide by the hydrogen sulphide. On evaporation of the remaining 
liriuid, long, white, needle-like crystals arc obtained. Analysi's and mol. wt. 
determinations in benzene soln. agree with solphometaborio acid, B^Sj.UjS, or 
BS(HS), or HBSj. The compound was also made by J. Hoffmann. It begins to 
melt in a sealed tube at 120 “, and is quite fluid at 13,")°-140°; it freezes to a white 
crystalline mass on cooling. The compound is sparingly soluble in carbon disulphide 
at — 20 °, but at ordinary temp., 100 parts of benzene or of carbon diaul])hidc diasolvc 
20 parts of the compound. Sulphometaboric acid smells of hydrogen sulphide, and 
it slowly loses the last-named gas at ordinary temp, and press., the action is faster 
in vacuo over sulphuric acid, and faster still if heat be applied—boron trisulphide 
remains. Water vigorously decomposes the comiwund into hydrogen sulphide and 
boric acid ; hydrogen sulphide is also evolved when in contact with ah'ohol and 
ether—a compound appears to be also formed in the la.st-named reaction. 

A. Stock and M. Blix prepared double compounds of boron sulphide with boron 
chloride and bromide, by dissolving sulphometaboric acid in an cxei'ss of the, boron 
halide, and evaporating to dryness in vacuo. Analyses agree with boton sulpho- 
ohloride, B 2 S 3 .BCI 3 , or BSCl, and with boton solphobtomide, B 3 S 3 ,BBr 3 , or BSBr. 
These compounds are decomposed into their comj)onenls by heat; and when boiled 
with carbon disulphide the boron halide is given off. 

According to H. Moissan, boron pentasnlphide, B 2 S 5 , is obtained by heating Iwron 
iodide (20 gnus.) with sulphur (rather less than one mi.) in carbon disulphide soln. 
for 24 hrs. at 60°. The precipitated product is washed with carbon disulphide 
to remove the iodine. The pentasulphidc appears to form a spaiingly soluble additive 
compound with iodine; it cannot therefore be washed quite free from iodine. Boron 
])entasulphide is a white crystalline powder of sp. gr, rSo, and m.p. 300'; it*is 
hydrolyzed by water into boric acid, hydrogen sulphide, and sulphur, and resembles 
the trisulphide in its behaviour with alcohol, the excess of sulphur separating in 
the free state. It dissociates into the trisulphide and sulphur when heated to its 
m.p. in a vacuum, and is decomposed in a similar manner when heated with mercury 
or silver, a sulphide of the metal being formed. It is converted by a(|. jmtassiuui 
hydroxide into potassium borate and polysulphidc, and is acted on by chlorine at 
a low temp, with the formation of an unstable crystalline substance. If the indi¬ 
viduality of boron pentasnlphide be established, it would indicate that boron can 
function as a quinquevalent element. 
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§ 26. Boron Sulphates 

According to (•. (tiwtavdon,* boron chloride or bromide reacts with sulphur 
trioxidc in a sealed tube at 120": 2 BCl 3 -|- 4 S 03 =i 3 S 02 Cl 2 +B 203 .S 03 . The white 
product was not analyzed ; it reacts with water, forming boric and sulphuric acids, 
and when heah'd in a platinum dish, sulphur trioxide is evolved, and boric oxide 
remains. The compound has the composition B 2 O 3 .SO 3 , and it may be regarded as 
boryl sulphate, 0 ; B.O.B: 804 , or S 0 . 3 ( 0 B 0 ) 2 , Neither R. F. d’Arcy nor A. Pictet 
and (). Karl could obtain a compound of sulphur and boron trioxide by heating a 
inixtum of the two in open vessels ; but the latter obtained boryl sulphate by heating 
a mixture of Imron ami sulphur trioxidcs in a sealed tube at nu“-120°. By working 
at 230", boryl disnlphate, B 2 O 3 . 2 SO 3 , or B 0 . 0 ,S 02 .O,S 02 .O.B 0 , is formed, and 
mixtures of the two are obtained at intermediate temp. Both compounds are 
colourless, umur|dious, bulky, brittle, hygroscopic substances, which have no definite 
m.p., do not fume in moist air, but dis.sociate whem heated, leaving eventually residues 
of boron trioxide. Thiiy dissolve in water, yielding soln. of boric and sulphuric acids. 
Boryl disulphatc reacts with alcohol to form alkyl borates and alkyl-sulphuric acids. 

H. Bauer and .f. (lyiketla prepareil what ajipeared to be boryl sulphates, 
M'{B 0 )S 04 , under the trade name boro/, by gradually adding an eij. of boric acid to 
an ei|. of a fu.sed metal bydrosulpbate- c.g. K 1 IK() 4 , or NnllSOi- and beating the 
mixturi' to iVK)" ; or by similarly heating a mixture of sulphuric acid, a borate, and 
a metal sidphate : 

,S()4<;;« ! HO.B<OH=2ir.() 1 

Sodium borylgulphate, NalBOlSO,, is soluble in water, and the soln. has an acid 
rr’action. The salt contains less boron than boric acid, but has greater antiseptic 
properties than the erp boron ; and it has been recommended as a depilatory for 
hides and skins. 

According to If. Davy,- boron dissolves in hot sulphuric acid with a slight 
efiervescenei', forming a black lii|uid, wbieh gives a black preeijiitate with potash-lye. 
The product has not been further studied. L. tinielin found boric, oxide or acid 
readily dissolves in sul[>huric acid, espceially if heated, forming a viscid colourless 
mass from whiidi boric acid separates on standing. H. Schiff found that water 
precipitates boric acid or boric oxide. V. Merz stated that a substame with the 
composition r)B 303 . 2 S() 3 . 2 H 20 , or 5 B 2 O 3 . 2 H 2 SO 4 , is produced by melting equal parts 
by weight of liorie achl and cone, sulphuric acid, and then warming the product to 
2.'W"-280° so as to volatilize the excess of sulphuric acid. A transparent glass is 
formed on cooling. If heated to 3f)0"-4(X)", the jiroduct is not decomposed, but in 
some cases nearly all the sulphuric acid was driven ofi by this treatment. The 
glass becomes white and opaque on exposure to the air, and moisture is at the same 
time absorbed. Neither R. F, d'Arcy nor C. Schultz-Sellae could obtain V. Merz's 
product, for sulphur trioxidc was continuously evolved on a rising temp., and the 
C'omposition of the product is never constant. ('. Sehultz-Sellae stated that if the 
soln. of boric acid in sulphuric acid be treated with sulphur trioxide, or if boric 
oxide be dissolved in fuming sulphuric, acid, crystals separate from the liquid. The 
composikion is stated to be B 8 O 3 . 3 SO 3 .H 2 O, but'since sulphur trioxide is evolved when 
the product is melted, C. Sohultz-Sellac said that the compound is not to be regarded 
as doron lulp/iate, B 8 (S 04 ) 3 .H 20 , but is rather a ioiyl evlphaie, H(B 0 )S 04 .JS 05 . 
R. P. d’Arcy failed to obtain this compound, but he found that a violent reaction 
ensues when finely imwdexed boric aeid is added to a large quantity of sulphur 
trioxide, and the whole mass liquefies. The product was heated to 100° until 
sulphur trioxidc ceased to be evolved, and on cooling, a solid wparated which when 
dried on porous tiles over sulphuric acid had a comimsition B 202 , 6 S 03 . 3 H 20 , or 
HiBOj.sSi^, or B(HS 04 ) 8 , boron bydrotolpkate. It is a white solid with a m.p. 
215° ; it dissolves readily in fuming sulphuric acid, and is very hygroscopic. 
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The mineral sulphiAorite octurs in the Stassfurt salt beds, and was obtained alonn 
with anhydrite as a residue in thesoln.of thecarnalliteof VVesteregelii. K.Thaddwfl's 
analysis* corresponds with 2 MgS 04 . 2 MgjB 205 . 1 lH 20 , or 2 MgSO 4 . 4 MgHBO 3 . 7 H 2 O, 
hjrdnted magnesiam sulphatoborate. It forms colourless crystals, may be with a 
reddish tint, belonging to the rhombic system with a.\ial ratios, according to H. Buck¬ 
ing, ( 1 : 6 : c=0'6l96 :1:0’SKXI. The sp. gr. is 2'44, and the hardnc.Hs over 4. The 
double refraction is negative, and H. Bucking's values lor the indices of refraction 
with sodiutn light arc a—1'5272 ; l'53li2 ; and y- l'f)44.i. 
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§ 37. Boron Phosphates 

A. Vog(*n prepared boron phosphate, HPO^, })y tin* action of u lafilin-j .Noln. of 
pliosphorie acid on Iwrie acid. Tin* turlfid lifpiid was evaporat<‘d td) dryncNN, and 
the, exee 8 .s of j)hosphorie acid waa removed bv washing with Imt w’Ht 4 ‘r. (!. Mey 4 ‘r 
heated the mass to redness l)efore leaehing with water, otht*r\vis«‘ the ]iro<luet tilters 
with great difficulty. G. OustavKon prepared the same compound by heating 
boric oxide with })ho 8 phoryl chloride, t BP 04-1 IR'l;) lH)('l;j, or boron 

trichloride wdth phos]>horus jfentoxide, SBt’lj'fPiit^s BPOj-j-BC'lg.POClji, in a sealed 
tube; the residue should hecalcined. Boron phosphate* is awhitf* powderwhich canned 
be fused in the* blowpijx* flame. It is not dee*omposeel by boiling w’atcr, or by cone*, 
ue'iels, but it is sobiblc in a boiling soln. of alkali hydro.vide*. J. Pre-schcr said that 
the attack with a boiling dil. .soln. of alkali hvdrefxiiif* is very slow. Acceirding te» 
G. Meyer, boron phosphate is deeomjfo.sed by fused alkali hydroxides or carbonutvs, 
or by fused sodium chloride. J. Pre.sche‘r repre*se*ntH the reaction witji fused sodium 
hydroxide : BPO 4 + 3NaOH - NaBO. 4 ^ KaaHP 04 + HoO. When heate-d wit]» 
sodium, A. Vogel obtained sodium phosphide and a black mass, probably bekron 
phosphide. According to G. Meyer, compoumls in which boron jilays the role of 
base, are usually chemically inert; and J. Prese-her emiihasized the role this insoluble 
compound plays in the analysis of mixtures of phosphates and borates. 

M. Prinvault ^ melted e(pii-molar parts of boric acid ami sodium pyrophosphate, 
and obtained a white ma 8 ,s with the com])osition ^NaoC.B^G;! 1 ^ 05 , corresponding 
with sodium borylphosphate, Na 2 (B 0 )P 04 . It is decomposed by water or alcohol, 
forming normal sodium phosphate. The corresponding potassium borylphosphato, 
K 2 (B 0 )P 04 , was also prepared. 

0. Noller* applied the term luneherqile to a ma^asium boratophospbatft» 
3 MgO.P 2 O 5 .B 2 O 3 . 8 H 2 O, or Mg(B 02 ) 3 . 2 MgHlT) 4 . 7 U 20 , found in the gypsum beds 
of Luneberg, Hannover. It ai^ contains 0 7 per cent, of fluorine. Tin* sp. gr. is 
said to be 2‘061. It loses no water at 100'^, and is soluble in nitric and hydrochloric 
acids. W. Biltz and E. Marcus’ analysis corresponds with Mg 3 (P 04 ) 2.1 ‘TbHslKfs.CHaO. 
Dehydration curves show that six mols of water are lost at 2 fK)“, and the remainder 
is slowly evolved at 600®. Free boric acid is not present, but microscopic examination 
does not determine whether the boric acid and magnesium phosphate* are in solid soln. 
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CHAPTER XXX HI 

ALUMINIUM 

§ 1. The History oi Alominium 

Substances with u styptic or astringent taste seem to have been designated inwnjpi'a, 
by the Greeks, and alumen, by the Romans. Herodotus,i circa 500 b.c., relates that 
Amasis, King of Egypt, contributed a thousand talents of trTvwnjpia to the people 
of Delphos as a subscription to enable them to rebuild their temple which had been 
destroyed by fire; and Dioscoridcs, near the beginning of our era, mentioned a 
number of places from which the mineral invirrqpia could be obtained; and bo 
indicated several varieties, some of which were used in dyeing and in medicine. 
Aulus Gellius narrates that in the war between the Mithridates and the Romans, 
87 B.C., General Archelaus made a wooden turret breproof by smearing it over with 
alumen, so that all Sylla’s attempts to set it in flames proved abortive. The use of 
alumen for fireproofing wood is mentioned later by H. J. Weeker, and by A. Mar- 
cellinus. ITiny also said that a white variety of alumen was used for dyeing bright 
colours, and a dark variety for dark colours ; and that alumen is coloured black 
by the juice of the pomegranate. This may be regarded as showing that iron 
was probably present in alumen. Such information as the scholars have gleaned 
from the ancient writers agrees with the assumption that the different varieties of 
alumen were more or less impure mi.vtures of alundnium and ferrous sulphates. 
The derivation of alumen is unknown; some obtain it from oAfo/; others from 
; Isidorus’ suggestion that alumen vacatur a luminc, quod lumen coloribus 
■primtal (inyerafis-- alumen is so-called from lumen because it gives brilliancy to dyes 
•—is improbable. 

Pliny said that in his time Egyptian alum was accounted best; and, according 
to J. P. do Tournefort, and M. G. A. F. Ohoiseul-Gouflicr, the island of Milo was 
celebrated on account of its ofunicn. According to Strabo, and Diodorus Sicculus, 
the islands of Lipari and Stromboli contained so much alumen that the Romans 
derived a considerable revenue from the export duty. It is not known when the 
salt now called olum was discovered, but it was no doubt obtained from the East. 
This alum was regarded as a species of the ancient alumen, and since the new alum 
was better fitbid for general use, the name was soon restricted to it alone. In his 
De investigiaione mugiaerii, the, presumably, twelfth-century Gcber spoke of an 
'alumen glaotak obtained from Rocea, the son of Serapion, who lived after Rhazes; 
Geber was acquainted only with the impure arveTT/pmol Dioscoridcs, and J. Beck¬ 
mann, therefore, inferred that the purer form of alum was not known before the 
thirteenth century. The Italians first procured their alum from the Levant, and 
when these countries were captured by the Turks, the Christians were compelled to 
purchase alum from their enemy. From F. B. Pegolotti, a writer of the fourteenth 
century, it appears as if the Italians at that time knew only the Turkish alum. 

The Italians learned how the salt was manufactured at Bocca di Soria, but the 
location of this place is not clear. C. Niebuhr suggests that it is probably Edessa 
in Mesopotamia. Edessa was also called Boha, Baha, Buha, Orfa, and Boccha. 
The new alum was at first called rocca, a term which the French altered to olun 
de rocks, the English into rooLe alum fit rod alum, and the Germans—e.g. 
H. B. Valentinus—Botsolim, As V. Biringuccio has remarked, the origin of the 
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term Tocca is not known. J. C. Scaliger refers it to a Greek term, because the salt 
was extracted from a rock ahmen ; M. Mcrcatus said that alum a<‘(^uired 

the name rocca from the alum rocks near Tolfa : while G. W. von Ijeibniz said that 
alunifn rttcca was the kind first obtained from Korea di 8t)ria, and the name was 
afterwards given to ever}' good species of alum, just a.s the purer varieties*of alum 
to-day are called Roman alums. , 

P. Bellon has given a description of the alum-works about 04)n8tantinople in the 
fifteenth g?ntury; and he said that in commerce, the alum was called ahawn 
Jjcshium or alumen di MetAin. Another alum-works flourished in the fifteenth 
century near Phocsea Nova, i.e. Foya Nova near Smyrna. F. B. Pegolotti has 
given a description of the Eastern alum-works of the fourteenth century. According 
to A. Baum^, M. Ducus referred to alum froiu Smyrna, and tlie mode of manu¬ 
facture. wa.s described as follows: 

In Phocis, which lies close to Ionia, there is a monntain abundant in aluminous mineral. 
The stones found on the top of this mountain are lirst calciuetl in the fire, and then reducoil 
to powder by being thrown into water. The water, mixed with tliat powder, is put into a 
kettle ; and a little more water being added to it, and the uhole having been tnade to Ixnl, 
the powder is lixiviated, and the thick part which falls to the bottom in tv cake is prest'rvwl 5 
what is hard and earthy is thrown away os of no use. The cake ia afterwards suffcnMl t«t 
dissolve in vessels for four days ; at the end of which the alum isfourul in crystals r<mnd 
their edges, and the bottoms of them also are covertHi with pieces and fragments of hkn 
nature. The remaining liciuor, which at the end of four days dot's not hanlen, is poimid 
into a kettle, more water and more powder are added to if, and Ix'ing boiled ns Is'fiuv, it 
is put into proper vessels, and the alum obtained m this manner is preserved as an article 
very necessary for tiyers. 

J. J. Pontanus, P. Bizaro, A. Ciiimtiniano, and 1). B4>tfonc state that alum was first 
manufactured in Europe by Bartholomew IVrdi.x or IVrnix in the island of Iselua 
about 1460. The earlier date, 1284, given by G. Targioni-Tozzelti, is wrong. An 
alum-works, north-west of Tolfa near Civita Vocchia, was founded by John di ('aHtro 
between 1460-70. Pope Pius II. said: alumen dc Tolpha primunifossum ast in 
Italia; and he has given a minute history of the discovery ; he also report'd that 
a statue was ereett^d with the inscription “ John di Castro, the Inv(*ntor of Alum.' 
It has been stated that the evergreen prickly shrub Ilex affuifolium induced John 
di Castro to search for alum since he considered this plant an indication of flic 
presence of alum ; but, as P. S. Boccone and G. Targioni-Tozzetti haVe ])oint<*d out, 
the plant does not always grow on alum soils, and it grows on soils where then* Ts 
“ not the slightest trace of alum.” The Church derived a gn-at revenue from the 
alum here made. A number of other Italian alum-works are mentioned by 
A. Baccius, V. Biringucc.io, etc,; they worked in competition with the Tolfa factory, 
owned by the Church, but finally had to close. According to N. K. Fermosini, 
religion was employed as a medium to exti*nd the trade, for a papal bull was issued 
by the pontiff at Rome forbidding the people to purchase alum elsewhere; even 
threats of excommunication were made against transgressors. A. (Vsalpinus has 
described the manufacture* of alum at the alum-works of Pope Pius II. at Tolfa. 
K. Bussi said that over 80() persons were employed, and he added that the alum vms 
made in the following manner: 

The stonea were first calcined in a furnace; a large quantity of water was ilion thrown 
over them, and when they were dissolved, the water was Iwiled in great leaden cauldrons; 
after which it was poured into wooden vessels, where, evaporating by degrees, She result 
was alum of the most perfect kind. 

According to V. Biringuccio, an alum-works was erected at Almacaron near 
Carthagena in Spain. Spanish slum-works have been described by D. G. Bowles, 
and J. Dillon. J. Beckmann says that alum was made at Oberkaufungen (Hesse) 
in 1564; at Commotau (Bohemia) in 1668; and at Langenau (Glatz) in 1563. 
G. Agricola also mentbns several other German works. According to G. Jars, 
an alum-works was erected at Andrarum (Sweden) in 1630. According to A. Ander¬ 
son, the first alum-works in Englan*d was erected at Gislwrough (Yorkshire) in 
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IfiOS. T, Pennant said that T. Chaloner suspected the presence of alum WauM 
the trees in the district were tinged an unusual colour. Tto alum-works at Whitby 
and the vicinity have been abandoned in reent years. The original process was 
by W. in bw Ihfkohiical esmyes, ivith a brief account of the allom 

works at M'fiilhif {London, ,i r i (+„ joa-. 

The nlumni of tin; ancients was not the same as the ordinary alum of to-day , 
probably the former was aluminium sulphate contaminated with iron sulphate, 
while alum is a double salt containing potassium sulphate or an eq.. sulphate. 
Alumen was classed with the vitriols - ferrous and cupric sulphates-so that in 
the thirteenth century alum and vitriol were regarded-- by Geber, Albertus Magnus, 
and the alchemists as related substances. In the sixteenth century, Paracelsus, 
in his Dc (jrne.nhua mlix, stah-d that alum differs from the vitriols because it takes 
its eorfots fnnn an intt'rmixturc of earths, whereas vitriol takos its corpus^ from the 
intermi.vtiire of metallic cor/loro-- whatever that may mean! In 1684, M. Ettniiiller^ 
discovered that alum i.s obtained by acting on clay with sulphuric acid; G. B. Stahl, 
1702, and J. .funcker, IT.'IO, bclievi’d that the unknown base of alum is aterra caknria 
because, it has the nature of lime or (halk ; H. Boerhaave adopted the same view, 
'rwenty years later, F. Hoffmann stated bis opinion that the base of alum is a true, 
distini't earth. This view was accepted by it ,1. Geoffroy in 1728; by J. Hellot 
in 17.'1!); and by J. 11. Pott in 1746. The last-named chemist called the base 
thuuichlf Erdp, or /erre aryiffcasc. In 1754, A. S. Marggraf showed that the earth is 
a definin' substance sui gewerrs quite different from lime, that it is contained in all 
natural clays, from whiel'i it can be extracted by sulphuric acid, leaving behind silica, 
HO that the ])urest white elay contains only silica and the earthy base of alum. 


Many eboinistH supposi-il tlial tilutn eartli was a variely of siliea. Tima, W. Fornor, 
and A. iiauinC regarded the earth of ultitii tt> l>e atliea ; eointnon clay, to be ailieeuua earth ; 
atilt alum, to la* llie same eartfi superaatiiratod with sttiphnrio aeid. The Hulijeet was also 
ilisetiBsed liy (1. L. L. tie HiilToti, (1. K, Storr, J. K. F. Meyer, and (!. Wicgleb. 
C. W. Sehei'k', however, showed that iti estalihslnng Ins eonchtsion, A. Fattme fused tlie 
Htliea with potassium hytlroxtde iti a lircelay eriieiiile, and tiic alum was derived from the 
clay of the erttcihle. 


The presence of ati tilkali, as well ns sulphuric acid and the earthy base, is nece.ssary 
for"the protltiction tif aluitt. 

The earlv plfilosophers, R. Hoyle, aittl N. Grew, seem to have adopted the o|)inion 
that metals could be jiroiluccd frotii common earthy stibatances. j, J. Becher, and 
G. E. Stahl first inilicated the relations of the metals to earthy substances. The 
tertu itniil or arffilpur was t hen applietl to the carthy ba.He of alum ; but L. B. Guyton 
de Morveau argued that since alum is a sd nliiuiineiijr the proper name for the base 
is niuunnr ; the use of terms like oryi/fc and ferre nr^illeux is confusing and should 
not be continued. The term utuminr was thereafter enqdoyed in France, and this 
was anglicized to uhimina in Kngland, while in Germany the earth of alum is still 
called Thtmniie. 

Having discovered the acid and one of the bases in alum, it remained to find 
thp second ba-se. G. Agricola, and A. Libavius stated that the aoln. from 
the alum-rock does not crystallize readily unless an alkali is present; and each 
stated that the general practice was to adil decomposed urine to the soln. to facilitate 
crystallization, so that the alum made by G. Agricola, A. Libavius, J. Kunckel, 
and F. Hoffmann must have contained ammonia alum. Later, the urine was 
replaced by jiotash. Both T. Bergman and C. W. Scheelc regarded the presence 
of potash in alum as an impurity. A. S. Marggraf and G. yon Engestrom showed 
that alum contains two bases, and this was further emphasized by A. L, Lavoisier, 
and A, F. de Fourcroy. L. N. Vauquelin, and J. A. C. Chaptal established by analysis 
that potash is an c-ssential constituent of ordinary alum, and that that base can be 
replaced by ammonia; they also showed that slum can be made from alunite with¬ 
out adding potash because the alkali base is already present in the mineral. 

In 175<t, P. J, Maequer stated-his belief that the earth of alum is more or less 
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distinctly related with the metal earths; and socft afterwards, T. Baron showed 
that the base of alum has some analogies with the metal earths, and has no properties 
in common with any other known earths. He then trietl all known methods of 
reducing the earth to a metal, hut failed. He concluded : 

If 1 had been fortunate enough to re<luco the l>a.He of Hhiin to u metal, no othei argument 
would bo needed, and that, which to-day la cunjec(im‘d would lie a demonstrated fa<'t. 
I am far from regarding the problem as an un|>oaaibilily. 1 think it not too ventun'some 
to predict that a day will come wl»en the metallic nature of the base of alum will lie incon¬ 
testably proved. 

In 1782, A. L. Lavoisier said that it is highly probable tlutt alumina is tlie oxide of 
a metal whose aftinitv for oxygen is .so strong tliat it cannot be overcome either liy 
carbon or by any otlier known rt*ducing agent; and, with proplieth- sugaeity, he 
added: II SfroU possiblr a la ritjarur (jne toufes Ics suhsfancfH ausquelha noun 
donnoM le nom de terre»^ ne fussntt que dva oxides meialliqaes, imduciddes par 
les moyens que nows einployons. M. de Kup^‘cht and M. Tondi claimed to have 
obtained a metal from alumina by heating to a high temp, for .‘1 hrs., an intimate 
mixture of alumina and charcoal dust jiacki^d in a fireclay crucilile, ami filled up 
with charcoal and covered w'ith a layer of hone ash. A. M. Savan'si, and 
M. H. Klaproth showed that the alleged metal base of ahimina was really iron 
pliosphide. Tliere Is a report in some (‘ncyclopiedias that in tin* time of Tiheriu.s 
i'll n.f. to 37 A.u.) a metal was made from day. It w’aa said that (he metal had 
the appearance of, but was light<‘r than silver, and timt it could he wrouglit like 
iron. This statement is probably founded on a misinterjiretation of IMiny's ^ words 
--lide history of silica. 

H. Daw ^ tried to isolate the metal by eh'ctrolyzing a mixture of alumina and 
men.’uric oxide, hut without r<‘suit; lu* tln*n passed the current through a fused 
mixture of alumina and jiotassiuiu hydroxi<le, and olitained a metalli<' ileposit whicli 
was decomposed by wat»‘r giving a soln. wliicli contained ahimina. The deposit 
was apparently a mixture of alkali metal and aluminium, but lie was unable to isolate 
the latt<T; similarly with the action of potns-sium on alumina. By fusing iron in 
an electric, arc in ('ontaet with alumina, he showed that the iron is alloyed with 
aluminium. He obtained a similar alloy by heating a mixtui»*of alumina, potassium, 
and iron filings. H. Davy added; “Had I been fortunate enough to i.solate *1110 
metal after which I sought, 1 would have given it the. nam<‘ ulawinm; ” hut later 
on, influenced by the argument that the metal should he named aft^T the oxide,^lo 
that the st^un word should ho illuming h(‘ useil tiie term alunnnu>ti—\&U'T writers 
have adopted the more euphonious aluminiuai. 

B. Silliinau fused alumina on charcoal before the oxy-hydrogen blowpijie flame, 
and noted small metallic globules darting and rolling from under the fused nuws, 
and burning with a bright light. The globules were presumably aluminium, which 
burnt instantly so that no globules of metal could be obtained. In 1821, 
H. C. Oersted reported that he bad isolated aluminium by the action of potaHsium 
amalgam on aluminium chloride; and distilling the mercury from the product. 
It has been questioned if aluminium, or an alloy of potassium and aluniiniuin, 
was obtained. I. Fogh. however, claims that by this process H. 0. Oersted flid 
prepare aluminium for the first time, and said that it is a metal with the colour 
and lustre of tin; and exhibited a sample of the metal in April, 1825, before the 
Danish Scientific Society. In 1809, J. J. Berzelius wrote to H. Davy tliat he had 
reduced alumina by heating it with carbon and iron, hut since no refepmee is made 
to aluminium prepared by this process in J. J. Berzelius’ later writings, it is assumed 
that he must have found that he had been mistaken. J. J. Berzelius tried to get 
aluminium by the action of potassium on cryolite, but later knowledge showed tliat 
he used an excess of potassium, and so obtained an alloy which decomposed in 
water; had he used an excess of fluoride, he would have obtained the metaJ. In 
1827, F. Wohler obtained the metal as a grey powder by the action of potassium on 
the chloride; and H. St. C. Devilltf obtained the metal by reducing tflie chloride 
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with sodium. He also tried rellucing aluminium eompound.^ with carbon; and, 
almost Bimultaneously with R. Bunstm, he isolated the metal by electrolysis. 

The cost of St. (!. Deville's early experiments was met by a grant from the 
Krt*iieh Aeademy of Scienec's. In IHbf), a large bar of aluminium was exhibited at 
the Palais»de I'lndustrie, docket^'d with the sensational name VargerU de largih. 
In 1854, a medal of alumini,um was struck and presented to Napoleon III. The 
Emperor hoped to apply sut^h a light metal to the armour and helmets of the French 
cuirassiers, and he authorized experiments to be made on a large scale at hi^expense, 
liarge-scale experiments were made at Javel with the assistance of C. and A, Tissier, 
who were subsequently reproached by H. St. C. Deville with having acted in bad 
faith in claiming patents and with starting a works at Rouen in which Deville's 
sodium proce8.Hes were to he applied. H. St. C. Deville had a plant for producing 
aluminium erected at GlaeiJire, and this was subsequently removed to Nanterre. 
Other plants were installed at a number of general eliemical works. Between 
1859-65, a works used Devi lie’s process at Battersea {Ix)ndon), and between 1860-74, 
a works used the same process at Washington (Newcastle-on-Tyne). Several 
improvements were made in Deville’s process by J. Webster, H. Y. Castner, etc. 

The first pencils of aluminium made by H. St. 0. Deville w^erc obtained by 
electrolysis, but the use of a battery as the source of the current was far too costly 
to permit its industrial exploitation. Consequently, H. St. 0. Deville confined 
liinistdf to the use of the alkali metals. Meanwhile, great advance.s had been made 
in dynamo-electric n\achinery. This gave an impetus to the electrolytic processes 
of K. Bunsen, and H. St. (J. Deville. Thus, R. Gratzel in 1885, and E. C. Kleiner 
in 1886, devised industrial electrolytic processes, but these were not very successful 
until 0. M. Hall, and P. V. L. H^roult had developed their method based on the 
electrolysis of a<dn. of alumina in molten cryolite —ride infra. In illustration of 
the rise of the aluminium indu.stry, the price fell from KKX) francs per kgrm. in the 
spring of 1856 wlien the metal was a chemical curiosity, to 300 francs per kgrm. in 
August, 1850, to I’iO francs per kilo in 1862. In 1895, the ])rice w'as Is. 5d. per lb. 
The lowest price in 1913 was £81 per ton, and the highest, £85 per ton ; during the 
war the j)riee in 1917 rose to £225 per ton; and in 1919, the average price was 
£15() jHT ton. J. W. Richards’estimate of the World’s j)roduction of aluminium 
in metric tons from 1913-19 is shown in Table I. 

• Taht.k 1.-'-Thr World’s Prodihtion of Aluminium (in Metric Tons). 


Ym. 

Austria. 

('AiiAila. 1 Francf* ! 

04'rmui)y.' 

(Ircat 

Britain. 

Italy. 

Norway. 

SwllaT- 

liunl. 

Viiltod 

StaU*)*. 

Total. 

1»13 

6.000 

f>,916 

irMKW i 

800 

10,000 

874 

2,600 

10,000 

29.600 

79.690 

1914 

4.mK) 

6,820 

12.<K)0 1 

8(M) 

8,000 

937 

2.6m) 

10,000 

40,600 

84,967 

1916 

2,6(HI 

8,490 

7.600 

2,000 

6,000 

904 

3,600 

12,600 

45,000 

88,394 

1916 

6.000 

8,800 20,000 

8,000 

4,000 

1,126 

0,000 

16,000 

63,000 

130,626 

1917 

6,000 

ll,8(M) 20,(MH) 

16.IKH) 

6.000 

1,740 

8,000 

16,000 

00 700 1173,240 

li)l8 

8,000 

16,(KKI 20,IH)0 

26,000 

14.000 

1.715 

7,600 

i6.mM) 

102,000 |208.216 

101» 

5,000 


Ifi.lKH) 

15,000 

10,000 

4.000 

4,0(M) 

15,000 

90,000 

173,000 
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§ 2. The Occnirence o! Altuniiiium 

Aluminium does not occur on the earth's surface in the metallic sta^ 


H. Stacker 
formations 


mm uoes noi occur on .ue v,.,.,,« ^ . 

1 was wrong in stating that aluminium occurs in shining scales in the 
neat Bt. AusteU (Cornwall).* The combinations of alumimum with oxygen. 
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fluorine, silicon, etc., are lavishly distributed; they form large mountainous masses; 
they arc the bases of clays and soils. Attempts have been made by F. W. Clarke 
to calculatt! the average com|io8ition of th(^ earth's lithosphere, from data furnished 
by A. Harker, A. Knopf, H. ,S. Washington, etc. Alumina comes second in the list 
showing the rclatiw ahundance of the oxides; silica comes first, and ferrous oxide 
third. 


SiO, . 

IijiH'oiM rocka. 

Shalrii. 

SandHtonos. 

T-intCHtones. Weighted av( 

. 50-83 

58-10 

78-33 

5-19 

59-77 

A1,0, . 

. 15-02 

16-40 

4-77 

0-81 

.14-89 

Ko,(), . 

. 2-02 

4-02 

1-07 

0-54 

2-69 

KoO. 

. 3-43 

2-45 

0-30 

— 

3-39 


Aluminium is more abundant than any other metal; it comprises nearly 8 per cent, 
of the earth s crust. Aluminium is nearly twhc as abundant as iron. The average 
elemental composition id known terrestrial matter- including the lithosiihere and 
hydrosphere- starting from the most abundant, is; 


Oxygon 

Silif’ori 

Aliimmiiim 

Iron 


l.ltho.sphcrH 
(1)5 per cenf,). 

. 47-33 
. 27-74 
7-Hfi 
4-r»o 


H.\«Iro4jih**r« Average. Inclutliug 

(7 iicr cfiit.). atmosphere. 

8r>-7<J 30-02 

— 25-80 

7-30 
4 18 


imvo Do.n made l,y J. H. L. Vo^t, J. F. Kemp, etc. Expresmna 
theHO data in terms of th.- perceiitajre uumberK of atoms in the half-mile crust, oceam 
and atmoHphen*, we have: 


53-HI 


l(i -30 


16-K7 


4-08 


1-72 


Mm 

1-01 


1-20 


If. A. Howland 2 found the relative order of the intmisity of the spectral lines 
of thi elements m the sun is K, Fe, H, Na, Ni, Mg, (,:o. Si, Al Ti t'r The 

subject has iK-en ,l.,,cus,sed by ,J. N. Uekyer, and A. Cornu. The ’ fortuitous 

li. 1-. Maripiart, and J. ,1. Ndggerath. ' ’ 

The most important aluminiferous minerals, from the imiiit of view of the 

imforthc Ix -'V"''*'* ’ “T in 

llmnlnd ^ ^ ‘“'‘T’ i*'" ^ TOmparativelv small. Some of the 

lists of precious stones- e.,j. the ruby, sapphire, turquoise, to,.ax, garnet, etc. 

il ,'n«i n -M .?*• or *j«irarji«i(f, AI(OH),; baujrile, Al.lOHl (>; 




, Shalei f rilif i;° • "••’“uee of magnesia affm and 


man^eae___ 

manganMd sulphate 



-o—tJOAj.S 

siH,o 1 w).: 

W<»mOe, .or egai^ctm,, Cu,^,(0%SOd,C.i,(AIOJ,.5Cu(OH). 13H.6; md 3: 

UOJi.CuiiOHjitlSHiO. The eaitoIUitM: gaw«mtf<. 


ur cyunomraiK, lJu.AI .1 

Cu,Al,(OH).(SOJ,,Cu,(A10 
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/UilOHl.POi.aHjO; roiphonle, MllAI(OH ,P0..2H,0 ; rlnhlrniitr, tVAllOHj.k). H 0 iir 
AI)i(J'6 Q),(P0,).6H,0 ; goj/azUe. AI„Ptt,P,0„.9H,0 ; lutchwldc. Al.PbP.O,, 9H.() • 

r n'*'’or nJvmn, 

Cu,A1,(OH)„(A8O,),,20H,O. The borates: jmmpjrgilr, AIBO, ur (AIO)B(), ; arul 
rhodmte, KA1,B,0„ or K(A10),(R0,)j. The silicates or slumlnosilieetes uirhule filtmm, 
mican, clays, sHlmanik, cyanilc, yarnet, etc.---I'lrfr tho ailioales, 


Many natural waters contain alumina, ami iiarticnlarly those in volcanic di-stricts. 
Thus, C. du Ponteil^ found0'3f)46 percent of aluminium 8ul]]liate, AljISOjjj, In llii‘ 
clear, yellow, very acid water of a hot-lakc on White l.slund (Bay of I'Icntv, N.Z.); 
W. Skey, and J. 8. Maclaurin have also analyzed the watiT from the same locality. 
S. de Luca found 0'335 grin, of alumina jier litre in the solfafara waters of PozzaoH. 
J. B. J. D. Boussingault reported I'Cti ]iart.s per KKHI in the water of the thermal 
.spring at Paramo de Ruiz (New Granada). W. B. Markowidkolf reported Id b'T 
per cent, of aluminium sulphati’ in the .salt deposited on the shores of Lake Djouvan- 
Tube (Akmolink Province, Russia). J. K. Crook reported on the aluminiferous 
spring waP-r of the United States: 

ThiH sulwtanco i« found in Kprin^H in tho form <if tho oxido, or jihnninu, and of tho 
nulphuto. It oucui'H in vuriaiih' quiintJtioH. ruiiKUiH fnun n nwro trm<* to Hixty or oi^'hty 
graiiiH por gallon, as »eon in somo of tho N'irginia uhun springs. Tho Kulphuto in ahnoKt 
always preaiMit in tho Huljihurottod ohalylH'iito waters., and, as ataloil ahovo, in tho 
acid springK. The internal use of aluin waters ih generally governed hy these aKHoeiaUal 
ingredients. Some of the alum Kpring.'i have acquired a eonaiderable n‘])Utatiou m aerofnlouH 
diaeasea and in chronic diarrluea and dysimU'ry. 'J’ho iron-alnin wal^'ra aro beneficial in 
pawiive hemorrhagea and in oxhauRtingnight-aweata. Locally their aatnngont action calls 
them into service in much thf» aame claaa of caaes a« aro iM'iiefited by the acid W’at<*rH, They 
have produced valuable reaulta in conjumtivitia, atomatitia, chronic vagiintm, an<] uflier 
relaxed or indammntory atatea of those portions of tho nmcoua aurfaces acceaaible to local 
treatment. They have also been found to act as a useful auxiliary m tho treatment^if 
ulcerated surfaces, abrasions, etc. In large quantities alum waters have a laxative 
influence, but they aro seldom used in virtue of this action. 

A. C. Peale’ft report of the conijiosition of the mineral ■wat<*ra of the United Staten 
shows the presence of up to 226'41 grains of alumina per gallon ; this quantity 
was reported in the water of the Iowa Acid Spring. K. l^angworthy and 
P. T. AusUm have compiled reports of nearly TitKl detiTminations of alumina in 
natural waters in different jiarts of the world. 

A small proportion of aluminium is found in the ashes of numerous plants, but, 
so far as is known, this element is not essential for })lant growth, and G. (Jugiijj* 
considers that it may be regarded as an accidental constituent. Most soils contain 
traces of aluminium phosphate, and, according to J. Lewitsk>', aluminium jthosphaU* 
is slightly soluble in soil soln., and hence alumina is carried into the plant sap and 
distributed to the different parts. L. Rieciardi concluded that the assitmlatioii of 
alumina by the plant does not dejiend on the jiercAmtagc of alumina in the soil, 
and that, generally speaking, alumina is most abundant in the trunk and branches, 
less so in the husks and seeds, and least of all in the leaves. W. Knoji said that the 
lycopodiacesB secrete organic acids, and contain oxalic arid which dissolves alumina 
and ferric oxide, D. D. Jackson found that alumina is precipitated from natural 
waters by the crenothrix (bacteria), and that about one-third of the dried organism 
consists of alumina. It is not known how the alumina is combimid in the plant. 
H. Yoshida thought that in the iacefUer tree {rhut ixrnice/era) alumina'is present 
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as an aluminium araliatc. H. *G. Smith found a deposit of a basic aljuninium 
succinate, Al»(C 4 H 404 ),.Al 203 ,in the centre of a silky oak tree (orites eawfeo) from 

Queensland ;”und hesuKRcstcd that the alumina was present in the sap as alunimium 

malatc, L. N. Vampielin has stated that he found aluminium acetate m the sap 
of the iiiridi, lb’ considered the deposit represented a natural effort to get rid of a 
HurpluH of fliiimiria not newlod liy the tree. In the analyses by J. C. Bell, the alumina 
in the plant ash was reported as aluminium phosphate. 0. L. Erdmann assumed 
that the alumina is free in the ashes of woods and seeds. H. Coupin found that 
the presence of one pa^t of aluminium sulphate in 50,(KX) parts of distilled water 
is toxic to the roots of wheat, for the plant is injun'd but not killed. M. Wypfel 
found aluminium chioridc to have a toxic effect on seedlings of corn, bean, pea, 
eucurbit, sunflower, beet, and onion, when the plants are watered daily with a 0'5 
or 1 ’0 per c-fuit. soln. A. Chassevent and (1. Richet found that the order of toxicity 
of metal salts on the lactic ferment is: Mg, Li, Ca, Sr, Ba, Al, Mn, Fe, Pb, Zn, Ca, 
Cd, Pt, Hg, Ni, Au, (!o. Lists of the occurrence of alumina in plants have been 
given by V. F. Lungworthy and P. T. Austen, by F. Czapek, and by G. Stoklasa. 

A. W. BlyUio * is of tl»f opinion that cloannd wheat contains no alumina, and that 
partii'lcH of clay and sand'from the nnll-stonos find their way into tlio flour so that no Bdcond- 
clusH flour in comrium'o is fnH) from a umull porcontago of alumina. J. C. Bell reported up 
to 0017 per cent, of aluminium pliosplmh^ in the asli of wheat; up to 00204 i>er cent, of 
aluminium phosphale in the ash of flottr ; and up to OOll per cent, of aluminium phosphate 
in bread free from alum. A. H. Allen said that aluminium is a norma! constituent of wheat 
in amount corresponding with “ 8 grains in a 4-Ib. loaf of bread.” A. Dupr6, M. D. Penney, 
(J. L. Teller. .1. A. Wanklyn and \V. J. Coofier, G. Wellborn, W. C. Young, C. Councler, 
T. J. Heraputli, and H. Yoshkla have reported on the aluminium content of flour. 
A. B^champ • found alumina in yawl; C. H. liOWall, C. G. Wlieeler, J. liOrmer, H. Watts, 
and (». K. (V»lhy, in hopn ; W. Bww, in rape and rape-seod ; E. H. H. Bailey, in cem*co6« ; 
J. T, Way and G. H. Ogston, ami (‘ounclor, in rye; K. W. Dafert, in panic 
gnuAe* (panioum); T. J. IlornjMith, in oiih ; J. Stoklasa, H. Voahida, J. Lonnor, in barky ; 

F. Vielguth, in utruu' (gni/mm vioUugo) ; and H. Yoshida, in mxllet, rice, and buckwheat; 
»md F. Apoigi'r, and 0. Hubormann, in rmcBa picla. 3. C. Boll ’ found from 0'05 to 3’850 
jier cent, of aluminium phosphate in the ash of pure grape juke ; and from 0 377 to 3-96(1 
j>er cent, in the ash of fermented and unfermenUvl tetnr#. L. Gabba said that wines do not 
contain aluminium in excivis of O-Ol per cent. R. Kayser added that the presence of 
0-3-0-4 grain of niumma per hire in wine cannot safely be taken os a proof that alum hiks 
lieen adde<l booapsi' it takes into soln. during its course of manufacture some alumina. 
Tlys is eH]>er'm]ly the case when (he wine has l)eon cleared with china clay, as some wines 
ditwulve small amounts of tho china clay, and hence contain alumina in the form of a soluble 
salt. L. I’Hote, M. Minas, J. Moritz, L. Kicciardi, K. Demarjay, W. Hodelich, F. Guerrieri, 
0. F. WalzjPJ. Kotondi.F. 8ostini,eto., have reported on this subject. The occurrence of alu< 
minium in club mossw {lycopodiac.eo') has been r6i>ortod by A. Aderholdt,* A, H. Church, 
C. Councler, W. Knop, A. Langer, W. F. Salm-Horstmar, H. Ritthausen, G. SolmS'Laubach, 
and W. Pfeffer; in cryptogams —mosses, fenis, equisetum, etc.—by A. H. Church, 

G. Mariani, and A. Mayer. L. P. Brown,* A. K. Damlkorgis, F. M. Brandt, and 
J. K. Mol). Irby and J. A. Cabell, and A. P. Smith found alumina in tobacco ; 
W. Athonstead, J. H. M. Clinch, and P. Schriddl, in tea ; P. S. Clarkson, in cocoa ; and 

H. Ludwig, in coffee. Aluminium has been reported in sumach by P. P. Dunnington,*® 

and H. W. Harper; in sassafras, by F. P. Duimington ; and F. J. Malaguti and J. Durocher 
reported analyses of the ash of 116 wild pianta. F. P. Dimnington found alumina in 
6rclftsi sedge, wirs-gfoss, blue thistle, potatO‘Weed, purslane, ragweed, mullein, dock, and sfiefc* 
wed. Alumina was foimd in anado (6u'o) by A. B. Eliert, and A. H. Hassall; in sarsapariUa, 
by A. B. Orifflths, and H. Ludwig; in cardamon, by A, B. Oriffiths, and H. fi. Yardley; in 
rAtiM and rAokmy, by A. B. Griffitlis; in red pepper, by B. von Bitto; in pepperwort, by 
H, Trimble and H. J. Sohuchard; in cinnamon, by M. SchHzler; in kousso (imera), by 
S. Harms; in foe (rXus vemicefera), by H. Yoshida; in plantain, by E. Harms, and 
J. F. Sriawinski ; in chickwed, by £. Harms; in spurge, by Q. C. Wittotein; in opAefta, 
by H. Hdhn ; in ruptfire-wort (herniaria), by G. C. Wittstein; in mi'ffin^tonia, by H. HoUandt; 
in deg‘bdM, by A. Jessler; in lichens, by W. Knop, C.H. Weigelt, and G. C. Wittstein; in 
Spanish moss, by S. de Luca; in mosses (/ontinalis), by R. Strohecker.and Q. C. Wittstein; 
in sea-wesds, by £. Mitsoherlich, J. Percival, and F. Seetini; in alga, by K. Fetter; in 
ferns, by C. Struokmaim; in buttercuM, by Q. Ruge^*; in dandefions, by C. H. LawaU, 
L. E, Sayre, and M. Wintemits; in Uie by C. J. H. Warden; in the golden seal, 

by R. Gate; in the primrose, by G. C. Wittstein; in tl» heather, by 0. C. Wittstein, 
and E. WoHt; in the shepherd's purse, by F. Daubiuwa; in the ^ronuim, by C. H. Lawall; 
in the rAododendron, by T. de Saussuie; in the pink (dianthus), by A. Andreasch; In 
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the by A. Tsehirch; m the sunjlower, by 0. C. ; iu Uie rw, trosa) K,, 

B. i^dreasch ; m the «tor anwe by C. E. Schlegel; in the cuck 4 >o.pitU, by C. Rod, ■ ‘the 

Virg^num 9; 0- Wittetem; m the colchicum or atUurnn crocus, by C. Reillu...r Z 

tho6fyony,byC.F.HelIer; mthe/Wtor«a.pin*.byA.Volekor; inUie6o/t’h«,byK Friti - 
inpoi^W{pAy^fo^).byG.B.Fraiikfoi'ter;iiuey.byH.Block;mpoww^ Khitte - 
in ardxa, by W. R. Munroe; m hemlock, by E. S. Bustin and H. Trimble; in tvkr knM 
by B. Glenk; m wormwood, by C. Eylerte; m gastrolofiium bdobum, by H Frww • ni 
pefalostigma quadriloculare, by C. Falco; in symplocca, by E. Kratzmauii • m iutr bv 

E. J. Bevanand C. F. Cross; in henvp, by A. Bobiorro; in flcu., by K. J. Kane - in id misM 

(zostera), by E. Baudrimont; in alfalfa, by M. Bertholot and (1. Andre, mid 1* von Casimrin • 
in Bermuda grass, convolvulus, lupine, and linden, by M. Berthelol and Amlni • it! juan' 
byT.Bromeis; mrcdcZwerandft/ood-root.byC. H. LuwaU; mynm«,by T.Horapuih• in 
potato, by C. Councler; in beet, by C. Eylerts; in the banana, by A. : in Aorar.nt 

and eddoes or taro, by T. J. Herapath; in luyuya (Irianospcrma), by D. Pamdi • ab r. o rtitdmi 
eestttHanttW, by M. Coppola ; in/rui/vmcea, by K.KayHer;‘* innwpbmv by C F 
strand; in apple, by C. A. Browne; in cider, by R. E. Doolittle and W. H‘. }\vm ■ ni plum 
by W. Tod ; m pomegranate, by E. Spoiiw ; in sloe or black thorn, by E. Srluemor • in /hi rru 
by W. Keim; in fig, by G. C. Wittstein; blue-berriea, by K. Kayw^r; m r'hulmdt, ify 
R. Brandes; ** in prickly chaff {achyranthes), by C. .J. II. Wanlen; m prirkly-pmr. by 
W. W. Light, and L. Ricciardi; in oronyc, by 0. Huischke, and L. Ri«eiar<li; in/i.vdr«M;/fM, bv 

C. H. Lawall, and C. S. Bondurant; iu coUs-foot, by C. S. Bondui-ant; in lluifuna, by M. Yvou; 

in antherospenna, by N. Zeyer; in soya-bean, by H. Yoshida ; in bn od-fruti, by L. Hu i-ianii; 
in almond, by L. Ricciardi; in chestnuts, by E. Dioterich; in by E. StafTel- 

in paw-paw, by T. Fockolt; in guaram, by T. Peckolt, and C. H. Lauull; in parnra, by 

F. A. Ringer and E. Brooke ; in imjfles, by A. Chatin,“ and A. Pizzi ; in alible fungus, by 
P. Nettlefold ; inboleius, byJ.Wolff; in more//, by A. Pizzi; m symmoif, by C, Councler; ** 
in lilac, by C. Councler, and G. C. Wittstein; in beech, by C. (founder, and G. C. Witlstoin; 
in gentian, by C. Councler; in bloody-eye, by C. Councler; in holly, by C. Kuithuor; in 
adder's tongue, by C. Councler; in nustlctoe, by ('. Councler; m conifenr, by E. S. BoMtiii 
and H. Trimble, C. Karmrodt, H. Krulajch, and K. Weber and E. Ebermayer ; in Scotch 
pine, by C. Councler, E. Demarcay, C. Karmrodt, K. Ki-esliMg uiul G. (!. Witlateiu; 
in white pine, by K. Weber and E. Ebei-inayer; in Scotch fir, by K. I)eiiuu\iiy, ancl 

Karmrodt; in silver Jir, E. Demarcay; in eucalyptus, by W. Smith; in oak, l»y 
E. Demar 9 ay ; in prickly ash, and in elm, by C. H. Lawull; m sdky oak, by .1. B. Maiden 
and H. G. Smith; in 6ircA, by W'. A. K. Witting, and G. C. WilUt<*in; m poplar, by 
E. Demarcay ; in p/onc-<rec, by G. M. Tucker and B. Tollons ; in homhean, by E. Dotnaivay ; 
in myrtle, by J. W. England; in honeysuckle, by J. B. Enz; m eWer, by L. Jluber, 
and G. C. Wittstcun; in larch, by C. Karmroilt; in launl, by H. Matusou; in «'i//oh', by 
E. Reichardt; iu canc sugar, by J. W. MacDonald,’* A. Payeii, and W. Wallace; m beet 
sugar, by J. W. MacDonald ; in honey, by G. von Bungo ; m corn cockle, by T. Crawhird; 
in cockle-burr (zantkium), by R. Godoffroy ; in ergot, by J. C. Hermann* G. Uamdohr, and 
8. von Thielau; in morphine, by L. F. Kobler; in (rpium, by C. J. H. Warden; m cmclmync, 
by D. Hooper, G. Lindonmayer, and C. H. Lawull; in bellarUmmi, by F. Mu«-k, ami 
C. H. Lawall; in chino, by E. Reichardt; in aconite, by D. von Wasowicz, and C. H. latwall; 
and in legen, by H. Wefers^Beitink. C. H. Lawall found alumina in calundMi, caslantu, 
chimaphila, calisaya, digitalis, frangula, geUemium, glycyrrluza, hydrastis, hyoscyamus, 
jalap, kola-nut, pisddia erythrina, choke-cherry, cascara, ruta herba, sabaddla, and hellebore. 


E. Staflel II found alumina in veal and in beef; it. Thidle, in ogg albumen; 
M. Thezard, in the tibia of an adult mummy from an Egyptian tomb, T. M. KoU b 
reported 0'37 per cent, of ferric oxide and alumina in the ash of woman's milk, and 
O'O per cent, in the ash of cow’s milk, E, Dietcrich found 1398 per cent, of alumina 
in the ash of cochineal, and C, Liebermann assumed that carmine is an “ aluminium- 
calcium-protein compound of the colouring matter, ” A, Heyl found alumiiffi In 
•sponge; J, Mayrhofer, and A, Miintz, in leather; W, McMurtie, 19'88 per cent, 
of alumina in the excrement of the common bat; R, Schiitze, in the mantle of the 
pkaUmia mamUtam; and G. Walter, in the outer covering of the ^rofo/kerus 
annaient. 
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6’Atw. Phys., (7), 5. 429, 1895 ; A. Bobierre, Journ. Aync. Prat., 2. 199, 1876; F. von Gaajiarin, 
ib., 2. 410, 1875; ('. Couneler, Bol, Cenirb., 40. 07, 120. 1880 ; F. JMubrawn, Vuritljahr. prakt. 
Phann., 3. 337, 1854; <’. Faleo, »6., 15. 500, 1866; H. Fraaa, »A.. 16. 338, 1866; J. Khitlel, 
i6., 7. 348, 1868; (\ Rcithner, »6., 4. 481, 1856; C. UiKle, i6., 0. 530, 1860; M. WinteriuU, 
ilh, 4. 542, 1865 ; C. Eyierta, tb., 0. 620, i860 ; ArcA. Pharm., |2). 100. 106, 1862 ; (J. WittaUdii. 
ib., (3), 8. 229, 1876; G. B. Frankfurter, Ainer. Jounu Phirm., 60. J34, 1897; R. trieuk, tb., 

63. 328. 1891 ; C. F. Heller, ib., 50. 68, 1887 ; C. H. LawaJl, ih., 69. 137, 1897 ; R. Gaze. .\p»ih. 
7Ay., 16. 9, im ; G. Ruge, t6., 6. 208, 1891 ; A. Hebert. Bull. Sor. (%m.. (3). 18. 927. 189*1; 
T. J. Herajiath, Journ. Roy. Ayrtc. Soe., 11. 93, iS.'iO; R. .1, Kane, P/iil. .Mag., (3), 31. 3*1, 105, 
1847; W. R. Munroe, Amer. Journ. Pfuirm., 70. 489, 1898; L. K. Sayiv, tb., 60. 643, 1897; 

C. E. Behlegel, tb., 57. 426, 188.5; I). Farodi, Pharm. Journ., (3), 10. 6*17, 1880 ; T. de SHuaaure, 
Ihcherches ckimt'iwa sur la riijetation, Farw, 1804 ; A. Voleker, li.A. Hf p., 43, IH.'K); (}.(’. Witt- 
atein, Repert. Pharm., (2), 46. 329, 1847 ; Vu-rtfljahr. prakt. I%irm., 4. 625, 1865 ; M. I’opiMda, 
Oazz. Chim. Ital., 10. 9, 1880 ; K. Kratzmann, Ph/irm. Post, 47. 101, 109, 1914. 

“ C. F. Bergstrand, (Efver. Svenska Akad. Forh., 27, 1875; C. A. Browne, Journ. Atmr. 
Chem. So€.,2Z. 860, I1K)1; R. E. Doolittle and W. H. HoRt., «l^.. 22. 218, liWO; R. Kayaer, yt/prrt. 
Anal. Chem., 8. 182, 280, 1883 ; W. Keim, Zeit. anal. Chem., 30. 401, 1801; W. W. Light, 

Journ. Pharm., 66. 3,1884 ; 0. Huischke, Vicrleljohr. prakt. Pharm., 17. 284, 1868; K. Schremer, 
tb., 5. 207, 18W>; L. Ricciardi, (Jazz. Chtm. Jtai, 10. 150, 1880 ; E. Speias, B’t'rtdrfa’a Vierltlj., 
9.392, i860; W. Tod, Arch. Pharm., [2),19. 136, 1864; C. .1. H. Warden, C'Aem. AVie^, 64. Itil, 
1891; G. C. Wittstein, Vierteljakr. prakt. Pharm., 13. 3<i4, 1865. 

C. B. Boiidurant, Aincr. Journ. P/uirm., 59. 122, 1887 ; K. A. Ringer and K. Brooke, ih., 

64. 265, 1892 ; C. H. Lawall, ih.. 60. 137, 1897 ; H. Branded. AruA. (2), 75. 269, I86;i; 

E. Btalfel, i5., (2), 64. 129,1869 ; E. Dicterich, Vtertrljakr. prakt. Pharm., 15. 19ti, 1806 ; N. Zejrer, 
tb., 10. 504, 1861; T. Fockolt, Pharm. Journ., (3), 10. 343, 383, 1879 ; .Sttzber, Akad. Wim. 64. 
462, J866; L. Ricciardi, (Jazz. Chun. Ital., 10. IWI, 1889; H. Voshida, Journ. Chem, Bar., 51. 
748, 1887 ; At. Yvon, Journ. Pharm. Chtm., (4), 25. 588, 1877 ; C. J. H. Warden, ('hem. AVmm, 64. 
161, 1891; W. W. Light, Amer. Journ. FA<irm., 56. 3, 1884; U. Huwcbke, Vicrteljahr. prakt. 
Pharm., 17. 284, 1868. 

“ A. Chatin, Compt. Rend., 110. 376, 1890; P. Ncttlefold, Chem. News, 66. 191, 1887; 

A. Fizzi, Staz. Sper. Ayr. Ital, 16. 737, 1888; 17. 1, 167, 1889 ; J. Wolff, Yiertclythr. prakt. 
Pharm., 3. i. 1853. 

*• H. Krutzacb, Thnrander forstl. Jahrb., 6. 88, 1850 ; (\ Couneler, Bat, Cenirb., 40. 97, 129, 
1889; E. Deroarvay, Compl. Rend., 130. 91, KHK>; J. B. Enz, Vterteljahr. prakt. Pharm., 6. 
196,1866; C. Rcithner, ib., 4. 382, 1856 ; G. C. Wittstein, iA.. 3. 10, 1864 ; 16. 81, 1867 ; Arrk. 
Pharm., (2), 111. 14, 1862; (3), 7. 394, 1876; .1. W. England, Amer. Journ. Pharm., 55. 246, 
1883; E. S. Baatin and H. Trimble, tb., 69. 90, 1897; H. Matuaow, A, 60. 341, 1897 ; 
C. H. Uwall, A, 60. 137, 1807 ; I- Huber, ib., (3), 7. 394, 1876 ; K. Kresling,«//., <3), 220. 389, 
1891 ; E. Keichardt, A, (2), 78. 2.67, I8S1: (*. Karmrodt, Zeit. Landm. Ver. Rhetnprtiss,, 4Z7, 
1864; J. H, Maiden and H. G. Bmith, Proc. Roy. Soc. N.S.W., 20. 326, 1806; H. (i. Bmith, 
Chem, News, 88. 135, 1903 ; W. Bmith, Journ. Chem. Boc., 87. 416, 1880; (i. M. Tucker and 

B. Tohena, Ber., 32.2576,1899; R. WeWr and K. Ebermayer, Lehre der Waldstreu, Berlin, 1876; 

W, A. E. Witting, Mordatner Monaisb. Nat. Heilkunde, 1. 186, 1206, 1860. • 

G. von Bunge, Zeit. Biol., 41. 165, 1901; R. Godeffrov, Arch. Pharm., (3), 10. 207, 1877 ; 
0. Ramdohr, »6., (2), 01. 129, 1867; T. t'rawfurd, Vierteljahr. pmkt. Pharm., 6. 361, 1867; 
J. C. Hermann, A, 10. 481, 1869; 8. von Thielau, A, 4. 637. 1866; G. JAndeninayer, A, 17. 
290, 1868; F. Muck, A, 5. 5*4, 1856; D. Hooper, Pharm. Journ., (3), 17. 645, 1887; D. von 
Waeowicz, *fr., (3), 10. 301,341,463,1879 ; A. Fayen, Compt. Rend., 28.613, 1840 ; E. Keichardt, 
Chemisehe Beslandtkeik der Chinarinden, Braunachweig, 1865; W. Walla<e, Analyst, 3. 243, 
1878; H. Wefere Bettink Rec. Trav. Chim. Pays Bos, 2. 126. 1883 ; C. H. J^wall, .tmer. Journ. 
Pharm., 9^, 137. 1897 ; L. P. KebJer, A, 07. 398, 1895; J. W. MacDonald, Chem. News, 37. 
127, 1878; C. J. H. Warden, A, 88. 146. 1878. 

T. M. Botch, Pediatries, Philadeipbii, 175. 1896; E. Dietericli, Vierteljahr. pfakt. Pharm. 
10. 56, 1867 J A. Heyl, Li^ig's Ann., 62. 87, 1847; J. Mayrboferp Versml, Ver. Bayr. any. 
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6'Aem.. 9. 27, 1890 : K. Bchiitie, Mitt. Pham. Inat. Etiangtn, 280, 1889 ; W. McMurtw, 
Chemial, 4. 339, 1873 ; A. Muntz, Ann. Cto* (4). 20. m 

1869: M. Thezard, ib., 120.1126,1890; B. Theile, ZtU. Med.,Z. 147,1888; (r. Walter, 

Zeit. pkyaiol. Chern., 18.464, 1889; K. Staffel, ArcA. Pham., (2), 64. 148, 1850 ; 0. Ltebermaim, 
Btf., 81. ?p79. 1898. 


§ 3. The FreparaMon and Production o! Aluminium 

A v<‘ry large number of procc«8C8 ^ have been devised for the production of 
aluminium, but few have attained any industrial importance. Some have twen 
worked for a time on a large scale, but have succumbed in the competition against 
chea(H*r and more economical processes. Some schemes could have been proposed 
only by those possessing an inadequate knowledge of chemistry. The only successful 
process is the electrolysis of a soln. of alumina in a bath of molten fluoride. The 
different methods which have been proposed have usually been the subject of a 
paUuit; neviTtheiess, nearly all have proved to be either chemically impossible 
or commen'ially imiwacticablc. Consequent!}', the literature of aluminium pro* 
du(;tion is largely a series of sign-post^s indicating: No Thoroughfare. The different 
proposals may be (flassiHed: 1. Chemical methods involving reduction with (a) an 
alkali metal, (b) by some metal other than the alkali metals, aud (c) by some 
other reducing agent, 11. Electrothermal processes in which the current plays 
the part of heating agent. III. Electrolytic processes including («) the electrolysis 
of aq. soln. of aluminium salts, or (6) the electrolysis of molten aluminium com¬ 
pounds. IV. Combination of the electrothermal and electrolytic processes in 
which the heat required for maintaining the charge in a state of fusion is derived 
from the current itself within the electrolytic cell. This idea was filed as a patent 
by C. S. Bradley in 1883, which was granted in 1891. 

The pmludian of aluminium hj chemical processes.- In 1824, H. C. Oersted 2 
reduced aluminium chloride with a eone. fotassium amahfum, and distilled the 
mercury from the resulting amalgam in vacuo. F. Wohler failed to verify 
Hj C. Oi^rsted's results, but obtained aluitanium in the form of a grey powder by 
warming a mixture of {)otas8ium and aluminium chlorides contained in a porcelain 
ttuoible. J. von Liebig passed the vapour of aluminium chloride owt polassium, 
and this plan was later employed by F. Wohler. H. St. C. Deville reduced 
aluminium chloride with sodium, and he found that the reaction is facilitated by 
the presence of cryolite which s(‘rves as a flux, forming a slag light enough to allow 
the alumiulum to collect below. The industrial success of the process depended on 
the cheap production of large quantities of sodium; the production of purified 
alumina; and the conversion of the aluminium oxide into chloride. 

In H. St. C. Devilto'a process, a mixture of 220 lbs. of aluiiunium chloride. 100 lbs. of 
cryolite, aiul 77 lbs. of sodium was charged into a reverberatory furnace, with a well, and a 
^ping hearth, and at a dull red-heat. The temp, was regularly increa^ for about 3 hrs. 
Ine slag was first tapi>ed, then the aluminium, and finally a mixture of sodium chloride and 
cryolite containing beads of aluminium was tapped last. In 1872, A. Wurtz estimated the 
e(»t« of materials, fuel, wages, and other expenses to be 70'26-80‘00 francs per kilogram 
of aluminium. 

H. Bose obtained aluminium b)[ heating in a crucible a mixture of 5 parts of 
cryolite, 5 parts of potassium chloride, and 2 parts of sodium. A similar process 
involving the reduction of cryolite by sodium was described by A. Dick, C. Brunner, 
M. Hersog, L. Grabau, W. F. Gerhard, J. B. Thompson and W. White, M. Ichon, 
W. Weldon, J. Webster, A. Stevart, M. Rousseau and P. Morin, B. Kosmann, 
W. Anderson, etc. 

A. Dick lined a platinum crucible with magneeia, and intioduced alternate layers of 
oiyolite ahd sodium, finishing with a thick lavM of cryolite. Ihe crucible was closed 
with a tight-fitting Ud,suid heated in the blowpipe flame. Ihere remilted some globules of 
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iilunumum. Iron, poteelain, and 6«clay oruciblas ware »ot satisfactory; in ih« Hr»t ca*. 
th« aluminium " seemed to alloy with the sides of the crucibles, which thereby ecquired a 
colour like sine ; in the other cases, the duorides attw'ked tlie crucibles vigorously. 

.M. A. Brogowsky passed the vaiwur of sodium over the molten cryolite. 11. lUtse's 
process was employed for a time by C. and A. Tissier at Amlreville. N. V. C'astner 
improved the method of making sodium, and used sodium aluminium chloride 
mixed with cryolite. The process was employed near Birmingham about 18fl9. 
C. Netto reduced artificial cryolite by sotiium by H. Kose's old ]ir«eea,s, and it waa 
used for a time by The Alliance Aluminium Co., at Wallsend-on-Tyiic. L. Grahau 
reduced aluminium fluoride with sodium: 2 AIK 3 -f 3 Ns=: Al-| AIKj.SNaK, and 
recovered the fluoride by treatment with aluminium sulphate : Al.lSOjjj-l-aNajAIFj 
= 4 AlF 3 -t- 3 Na 2 S 04 . A. Feldmann heated a mixture of strontium aluminium 
fluoride with sodium; AloFj.SSrFj-fGNa^flAl+SSrFjf 6 NsF. The strontium 
fluoride is insoluble in water so that the other materials can be washed away, and 
the strontium fluoride used for making more double fluoride. H. St. C. Deville 
tried to produce the sodium and aluminium in one ojieration by passing the vapour 
from a heated mixture of lime, carbon, and sods into heated aluminium chloride ; 
W. Frishmuth likewise allowed the vapours of aluminium sodium chloride and of 
sodium to react in a suitable receptleie. If. D. Gadsden, H. Foote, H. Niewerth, 
and L. Henne used modifications of the process. 

From their study of the direct reduction of alumina by curhnn. It. H. Hutton and 
J. E. Petavels inferred (1) that metallic aluminium can be proiluied by a ptirely 
thermal reaction ; ( 2 ) that the lowest te-mp. at which this reaction can take place 
coincides with the m.p. of alumina ; (3) that the metal is first produeeil in the form 
of vapour. Under ordinary circumstances, however, the metal vapour immediately 
interacts with the carbon monoxide, and to colle< t the pure metal it is ther<‘fore 
necessary ( 1 ) to dilute and remove the carbon monoxide, ( 2 ) to limit the vaponta- 
tion of the metal by working under high gasi’ou.s press. In this way it has been 
possible to prepare and collect 4(t Tat gnus, of aluminium. F. Askenasy and 
N. Irfbedeff found that a mixture of alumina and wood charcoal heated in an arc 
furnace at first gives off large ipiantities of carbon monoxide followed by brilliant 
flames of burning aluminium vajiour. If the heating be stopped ns soon as these, 
appear, the product consists of fused alumina mixed with aluminium carbide and 
aluminium. In the carbon tube resistance furnace, where the liighestdimip, reached 
is not much above the m.]i. of alumina, both carbide and metal were formed It is 
thought that aluminium carbide is first formed, 2 AI 2 O 3 4 - 9 C--Al 4('3 fCCO, and that 
this reacts with alumina, or dissociates at a higher temp, yielding aluminium which 
is probably dissolved by the oarbide, otherwise it would distil away ; on cooling, 
the aluminium separati’s from the. soln., and is found side by side with the carbide 
in the eold product. L. Burgess heated a mixture of bauxite, apd carbonaceous 
matter in the electric arc. According to the purity of the, material and the propor¬ 
tion of carbon, the product may be aluminium, the c^rhide, or mixture of either 
with other carbides or metals. 

W. F. Gerhard claimed to have obtained aluminium by heating aluminium 
fluoride or cryolite to redness in a stream of hydm/eti. A. Schnellcr and A. Astfalck 
claimed to have obtained aluminium by heating the oxide, fluoride, or chloride to 
the temp, of the electric arc in a stream of hydrogen; and H. N. Warren passed 
hydrogen over alumina in a tube of lime heated by the oxyhydrogen blowpipt flame. 
L. P. B. E. Cumenge reduced aluminium sulphide with hydrogen. A, L, Flciiry 
heated an intimate mixture of alumina and carbon -tar, resin, petroleum—to red¬ 
ness in an atm. of a hydrocarbon gas under a press, of 20-30 lbs. per sq, in. 
H. Bessemer proposed reducing a mixture of alumina and carbon by burning gases 
under 3-4 atm. press. T. L. Willson heated a mixture of alumina and tar in an 
electric furnace. J. 8 . Howard, F. 6 . Bates, and F. P, Pendleton heated a mixture of 
alumina, carbon, and sodium chloride ; E. Meyer heated a mixture of alkali alupii- 
nate and carbon, sawdust, or carbohyiirate. Various modifications of thh process 

vot, V, 
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for reduciiiK aluminium sulpliiifn with hydrocarbons or carbon have been suggested 
by D. A, I’eniukoff, H. F. I). Si hwahn, D, (I. Reillon and co-workcra, G. A. Faurie, 
W, Kilbel, etc. I). (1. Heillon, S. ('. Montague, and 0. L. B. L. Bourgerel, and 
T. I’etitjcan rwluced aluminium sulphide, or sodium aluminium sulphide, with 
hydrocarbon gases, N. LcbedefI tliixed alumina with fluorspar or cryolite, and 
exposed the molteti mass to ^hydrogen or hydrocarbon gas. J, W, Richards’ experi¬ 
ments in this direction were fruitless. In ]8.')4, M. Chapelle, claimed to have 
obtained globules of metal from an intimate mixture of natural clay, sodium chloride, 
anil carbon contained in a fireclay crucible heated in a reverberatory furnace with 
coke as fuel. ,1. W. Richards has suggested that M. Chapelle's metallic globules 
were siliceous iron reduced from the iron oxide in the clay. W. Hempel expre.ssed 
his doubts whether alumina can be reduced by carbon in a purely thermal reaction. 
H. Moissan, and W. Borehers noted the formation of aluminium carbide and 
aluminium at high temp., and the former assumed that it is the vapour of alumina 
which is reduced by carbon. E. Tiede and E. Birnbrauer give 1800° for the reduc¬ 
tion temp, of alumina by I’arbon. 0. Knbller and H. Ijedderboge made a mixture 
of alumina and l arbon into rods which were used as electrodes for an electric arc 
in vacuo or in an atm, of an indilTerent gas. J. M. A. Oerard-Leseuyer used a some¬ 
what similar process.' E. Duvivier reduced disthene between carbon electrodes in 
the electric arc furnace. G, W. Reiner slated that the mass obtained by heating 
a mixture of soda or potash afnm with carbon contains an alloy of aluminium 
and tile alkali metal, and that the latter cun be removed by dil. nitric acid. 
W. A. Baldwin heated a mixture of bauxite, carbon, and .sodium chloride, and then 
incited tb.' resulting sodium-aluminium alloy with sodium chloride to .separate the 
a uniinium. N. Lebeiletl mduced the sulphide with carbon. 0. M, Thowless 
obtained aluminium by heating a mixture of aluminium chloride, chalk, coal, soda 
and cryolite in a closed vessel; S. Pearson, ,f, Liddon, and .1. 11. Pratt likewise 
heated a mixture of cryolite, bauxite or clay, calcium chloride or carbonate, and 
coke or anthracite R. E. Green heated a mixture of aluminium fluoride or cryolite 
'f'l!. "■ contained in a carbon crucible in an atm. of coal gas • 

AIFsdlNah I 8i0,, l-iillj Al-t-Na bNa.,;SiF„ f2Hj(). S. Pearson, A. W.Turner,'and 
W Andrews claimed to have made aluminium by heating aluminium silicate with 
o *>' carbonate or hydroxide. I). G. Reillon 

Montagnh, and 0. L. B. L. Boiigerel heatsnl a mi.xturc of clay and carbon in 
an atm of a hydrocarbon and mrhm disulphide. G. A. Faurie head'd a mixtur.' 
of sulphur, clay, and carbon to redne.ss; carbon disulphide is first formed, and 
finally aliimimuni, J. Morris claimed to have obtained aliiminiiini by heating an 
intimati' mixture of alumina and charcoal in an atm. of carbon dioxide. ' S. A. Tucker 
and H. R. Moody reduced alumina with cakium carbide in an electric furnace • 

( at a KAkOa 2AI |.2('0-|-Ca0; and H. S. Blackmore, and P. R. Hershman 
with ofumiamw carbide. Alj(),-t-Al 4 ('s.= liAl-f.1(:0. E. Straub descriln-d a proee.S8 
involving the mdiiction of alumina with aluminium carbide. 

F. G. Knowles proposed to reduce a mixture of alumina and aluiiiiiiiuni chloride 
Hith prdrusrumor s,4mm cpanide; 1. L. Bell tried a similar process but obtained 
no metal. L. J. (orbelli heated a mixture of aluminium sulphate with sodium 
ohloride^and pohmnmferrwymiide in a crucible to a white heat. H. St. C. Deville 
obtained no satisfaction with this process, and the button of metal probably con¬ 
sisted chiefly of iron. ^ 

1 ?' ^ heated aluminium sulphide with alumina or aluminium 

sulphate in a non-oxidizing atm. The proportions employed are such as to produce 
only aluniimum and sulphur dioxide ^ Alj 83 -t- 2 AljOj= 6 Al-t- 3 SOg; and Al^Sj 
-f-Alj(»G«)s=<Al+6SUj. It IS also claimed that aluminium sulphate can he used 
with other metal sulphides to produce alloys: Al2(S04)a-t-3FeS=680j-f 2A1.3Fc 
J. Malovich applied his process for barium to aluminium. G. Gin described a pro¬ 
cess in which a molten mixture of aluminium and sodium sulphides formed by 
melting together aluminium fluoride and sodium sulphide: 6NajS-(-4AlF, 
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— 2 {AIF 3 . 3 NaF)-f* 3 Na 2 S.Ai 2 S 3 , was electroivK'd. In the first stage of the n*aetion 
3 Na 28 .Ai 2 S 3 = 3 Na 2 S+ 3 S-f 2A!, and the liberated sodium sulphide uttHeks the double 
fluoride, forming more double sulphide; finally, | 2 (AlF 3 . 3 NaF) l2NaF 

-f-‘bS*f2AI. T. IVtitjean, and M. Herzog suggested redueing aluminium sulphide with 
iron or hydrocarbons. F. Lauterlwrn said that aluminiuju sulphide is redu(>‘d by iron 
at a red heat. W. A. Baldwin, G. Bamberg. (J. H. Billings, L. Q. Brin, F. Calvert 
and U. Johnson, A. Cheuot, Ft. Cleaver, J. H. H. Corbin. L. 1*. B. K. Cumenge, 
M. Faradav an<l J. Stodart, M. tlniner ami M. ban. t'. T. Holbrook. A, l^edebur, 
M. Lohage. A. Mann, H. Niewerth. B. O.stberg. S. IVarson and ,1. H. Pratt, 

F. ti. Keiehel. C. E. St hafluiutl. J. A. Stephan and H. Southerton. \V ]\ Thompson, 
etc., have dealt with the production of iron-aluminium alloys. 

L. P. Devaucelle made an alloy of :»'ar or copper by heating aluminium suljdihle 
with an excess of one of these metals A. Mann reduced aluminium .sulphide with 
zinc,iron,orcopper: 2AiCl;) j-ALS;, 1 3CaCL-l bCu- (U’ut'l^ (.‘iCaS 1 lAI. E.L.Ben- 
zon. P. Bolley. L G. Brin. F. C. Calvert and R. Johnson, L. P. H. E. Cumenge. 

G. A. Faurie. W. Hampe, K. List, F. G. Keiehel. etc., have studieil the reduction 
of aluminium eomjKmnds with copper, and the prodm-tion of almninium-eopper 
alloys. X. N. BeketofT could not reduce the vapour of aluminium i hloride hy the 
vapour of zinc, although silieon chloride is readily reduced. H. St. C Deville said 
that a mixture of zinc and sodium aluminium chloride detonated at a white heat. 
.Vt. Diillo found the reduction by zinc pn*scnt.s no dilliculty, although it is less easy 
than with sodium, and N. Basket stated that “all the nictallouls and metals which 
form, hy decomposition, more fusible or more soliddc chlorides than aluminium 
chloride may reduce it or even .sodium uluminmm chlorhlc. Thus, arscnh*. bismuth, 
copper, zinc, antimony, mercury, or even tin, or an amalgam of zinc, tin. or antinumv 
may be employed to reduce the single or doulfle ehlnride.*' F. Flavitzky foumi 
that zine is ipiantitatively disjdaeed by aluminium from zinc chhiriile Tli.‘ reaction 
is probaMv reversible. The*]iroeess has been diseussed by H. Wedding. I’roeesses 
for redueing aluminium salts by zine have been (h'vised bv 1^ J. S»-ymour, 
L. P Dcvaimdie, L P. B. E Cumenge, F. Lauterborn. A, Mann. J. t’lark. G Bam- 
beri;. S. van Ohlrmtenbnrgh, K. de Montgelas. et<'. A. J Kogers said that the 
molten ervolite is redueeil bv an alloy of sodium with lead or fin more oa.sily thaii.by 
sodium alone ; and A. E. Wilde obtained aluminium liy heating an intimate mixture 
of lead or !ea<l sulphide and dried alum. The Aluminium Product (’o. redmvd 
aluminium chloride with tin. W. Weldon claimed to produce aluminium bv beating 
the chloride or sulphide with oiangancsr or spiegeleiseri and adding a little soilium 
to promote the rea<-tion. W. H. Greene and W. H. Wald noted th(‘ eonverse ri*a<-tion, 
for manganese is obtained liy the action of aluminium on a soln. of mangani'se 
oxide in molten cryolite. N. N. B<*ketotf .saiti that wwjucHhm. reduces molb-n 
cryolite ; C. Winkler obtained what be regarded as a suboxide, AK), by tlie action 
of powdered magnesium on heated alumina in an atm. of hydrogen. K. Griitze! 
r<*dueed alkali aluminium fluoride by metallic magnesium or magnesium vajmur, 
and K. d(‘ Montgelas reduced aluminium cbloridi* with magnesium. B. KoNmanu 
reduced cryolite with magnesium, or in the preH<‘nce of magnesium chloride umldir- 
going electrolysis. F. laiuterborn heated a mixture of antiwom/, sodium carhoimte, 
and aluminium sulphate in a coke furnace. In the first stage of the reaction : 
2 Bh 2 S 3 -|- 6 Na 2 C 03 -f 3 C=: 6 NaoS-f 9 C 02 + 4 Sb; and in the second stage: 
2 Al 2 (S 04 ) 3 -b 6 Na 2 S-f 4 Sb-M 2 C- 4 Na 3 SbS 3 -t- 12 CO-f 4 Al. F. Fischer added that 
these extraordinary formul® have little or no basis in chemical science ; they are 
false. J. W. Richards obtained negative n'sults. L. Grabau was not very successful 
in an attempt to reduce aluminium salts with p/mphorus, although be did get an 
aluminium-phosphorus alloy. M. Wanner suggested reducing molten aluminium 
fluoride with the extraordinary reagent silicon sulphide. 

The electro-deposition of alnminimn from aqueous solutions of its salts.— 
Z. Romwin^ said that magnesium does not precipitate metallic aluminium jrom soln. 
of its salts, but J. W. Richards added ^at aluminium is so precipitated but instantly 



164 


INORGANIC AND THEORETICAL CHEMISTRY 


oxidized by the water; thus 9. Kern found that aluminium hydroxide appears 
when magnesium is immersed in aq. soln. of aluminium salts, F. Wohler could get 
no aluminium by the electrolysis of a soln. of cryolite in an aq. soln. of sodium 
hydroxide; nor did H, St. C. Dcville obtain any metal by the. electrolysis of aq. 
soln. of aluminium salts. On the other hand, F. S. Thomas and W. E. Tilley electro¬ 
lyzed a soln. of freshly precipitated alumina or alum in a soln. of potassium cyanide, 
and claimed to have deposited aluminium ; and L. F. Corbrdli said that he deposited 
aluminium by electrolyzing a mixed soln. of alum or aluminium sulphate and cal¬ 
cium or sodium chloride; G. Gore said that he electro-deposited aluminium on 
copper from a warm dil. soln. of aluminium hydroxide in hydrochloric acid; from a 
sat., aq. soln. of iwtash alum ; from a cone. soln. of aluminium acetate ; and from 
a cold, filtered soln. of pipeclay in hydrochloric acid. A. Bertrand electro-deposited 
aluminium on a copper plate from a soln.-of ammonium aluminium chloride ; T. Ball 
used a soln. of potassium aluminium chloride; and patents have been obtained by 
J. Braun, L. and A. Brin, H. C. Bull, C. A. Burghardt and W. J. Twining, S. Coulson, 

R. A. Falk and A. Schaag, M. G. Farmer, W. Frishmuth, W. F. Gerhard and J. Smith, 
A. F. B. Gomess, A. If. Harris, .1. S. Haurd, J. A, dcanvon, J. Marino, R. de Mont- 
gclas, 0. Nahnsen and J. PHegcr, G. von Overbeck and H. Niewerth, M. Rietz and 
M. llerold, A. J. Rogerd, b. Senet, A. Walker, H. N. Warren, S. Wohle, etc. Several 
of thi'se procc.sses have been challenged by F. Wohler, and H. St. C. Deville. 

J. Nicklhs said that in some cases the prcx'qdtated metal is not aluminium; 
F, Fischer showed that ,1. Braun mistook a deposif of cupric sulphide for 
aluminium. G. Gore, also, in his later work, makes allusion to his 1854 process. 

S. Mierzinsky claimed that in 188.'!, th(^ electro-deposition of aluminium from 
aq. soln. had not been accomplished; and W. Hampe, A. Watt, C. Winkler, and 
J. T. Sprague have recorded their failure to deposit aluminium electrolytically 
in the wet way. W. A. I’lotnikoff found that aluminium is deposited on the carbon 
cathode when a soln. of aluminium bromide, in ethyl bromide is electrolyzed; 
H. E. Patten eanfirmed this result, using platinum as well as aluminium electrodes. 

The electro-deposition of aluminium from molten aluminium salts.— In isosi 
H. Davy« applied his method of decomposing the alkali hydroxides to alumina, but’ 
owing to the weakneas of the available current, he obtained no aluminium; in 1810,’ 
however, hii did succeed in pro<lucing on alloy of aluminium and iron by fusing iron 
to^whiteness in the arc in contact with alumina. He thus showed that alumina can 
be decomposed in the electric arc, and its metal alloyed with iron. R. Bunsen first 
obtained aluminium by the electrolysis of fused sodium aluminium chloride, con¬ 
tained in a partitioned, porcelain crucible using carbon 
electrodes, and similar to the apparatus which he 
employed for magnesium. At low temp., the aluminium 
was obtained as a grey powder, but by working at a 
higher temp., with sodium chloride also present, beads of 
the metal were obtained. H. St. C. Dcville decomposed 
fused sodium aluminium chloride by electrolysis about 
tho same time as R. Bunsen. He used the apparatus 
illustrated by Fig. 1. A porcelain crucible, I), is fitted 
inside a fireclay crucible i’. The fireclay cover B has. 
apertures to admit a strip of platinum K to serve as 
cathode; and a porous cell C containing a carbon 
anode A. The porcelain crucible and porous cell are 
filled to tho same level with fused sodium aluminium 
ehloride, and the current is passed. Aluminium deposita 
on tho cathode. H. St. C. Deville used a similar bath for 
plating metals, particularly copper. He said; 

A ^th of double chloride, which has been entirely purified from foreign metallio matter by 
the aetton of the battery itself, is used. When aluminium is being deposited at the negative 
pole, the firit portions of metal obtained are always brittle, tbe impurities in the bath b^g 



Fio.l.—H. St.C.Devillo’s 
Cell for tho Electrolysis 
of Sodium Aiuminium 
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removed in the first metal thi^wn down; so, when the metal depositetl appe^ pure, tho 
piece of copper to be plated is attached to pole and a bar of pure aluminium to the 
positive pole. However, a compact mixture of carbon and alumina can bo umhI instead 
of the aluminium anode, which acU similarly to it and keeps the composition of the bath 
constant. Tlie temp, ought to be kept a little lower than the fusing ]>oint of 
The deposit takes place readily and is very adherent, but it is ditfUnilt to prevent it being 
impregnated with double chloride, which attacks it the moftient the piece is washed. The 
washing ought to be done in a largo quantity of water. Cryolite might equally as well l>e 
used for this operation, but its fusibility should bo increased by mixing with it alittlo double 
chloride of aluminium and sodium and soino {Kitassium chloride. 

H. le ChaU'lier patented a very eunilar process, using a mixture of alumina and 
carbon for the anode, aa recommended by H. St. 0. D(?ville. M. G. Farmer used the 
containing vessel with walla electrically conducting ao aa to serve as cathode. 
J. P. Kagenabusch electrolyzed a fused inixtun‘ of clay with fluxes and zinc or like 
metal so aa to obtain an alloy of aluminium. II. M. A. Berthaut electrolyzed a 
fused mixture of equal jiarts of cryolite and sodium chloride. A. Fcldmann ob¬ 
tained better results by adding a little calcium oxide to the electrolyte. The elec¬ 
trolysis of molten cryolite hasbt^en studied by 'E. C. Kleinort, A. J. liogcra, A. Zdziar- 
sky, I. Omholt, J. W. Richards, M. Gauduin, J. Garneri, C. A^ Faure, etc. W. Diehl 
showed that in the presence of alkali chloride, chlorine is evolved at the anode, and 
the spent electrolyte can be reconvcrtiMl into a doubli* aluminium fluoride l>y adding 
alum : 7NaF-b2KAl{804)2—NaF.2AIF3 {-K 2 S 04 -f SNuoSOi. A. Minct electrolyzed 
a mixture of sodium chloride with ST f) per cent, of cryolite fused inU‘rnalIy. The 
bath was n^plenishcd from time to time by the addition of aluminium fluoride. The 
method has been discussed by W. Borchers ; and the electrolysis of a fused mixture 
of crj'olito and alkali chloride by W. Hampe, and 0. Schmidt. Modifications of tlic 
jirocesH have been described by L. Grabau, M. J. Berg, 1^. Los.sier, R. GrMzel, 
H. de Grousillii'rs, F. J. Tone, F. Haber and R. Geipert, M. Sprenger, F. A. Gooch 
and L. Waldo, J. L. E. Daniel, etc. A. F<ddmann used double fluorides of 
aluminium and the alkaline earths, magnesium, or ziiu; in j^lace of alkali 
aluminium fluoride. 

A. H. Baclierer,^ electrolyzed the jiroduct obtained by melting a sulphide or poly¬ 
sulphide of the alkalies or alkaline earths with alumina or aluminium bydroxhle ; 
ami iM. M. Jauuigen electrolyzed the double sulphid(5 obtained by^ passing carbon 
disulphide over a molten mixture of alumina and alkali carbonate. A. Winyer 
electrolyzed fused aluminium })ho8phate or borab*. A. Julien proposed to electrolyze 
a soln. of alumina in fused sodium chloride, fluorspar, alkali silicate, sodium borate, 
or boric acid; and M. Blasi, a bath of a soln. of alumina in fusi'd baryta. 

electro-deposition o! aluminium from a solution of alumina in fused 
cryolite. —In 1880, V. L. V. Ileroult® obtained aluminium by the elcdrolysis of 
a sola, of alumina in fused cryolite contained in a crucible heated from without. 
Attempts to manufacture aluminium by the electrolysis of a bath of the fused halide, 
externally heated have not l>een successful. It is difficult to procure a suitable con¬ 
taining vessel to resist the corrosive action. If the crucibles contain silica, then the 
deposited metal is contaminated with silicon derived from the silica dissolved from 
the containing vessel. Compressed coke crucibles are too porous; metal vessels do 
not stand against the corrosive action. This difficulty was overcome by generating 
the necessary heat for fusing the electrolyte within the containing vessel. The same 
year, C. M. Hall likewise proposed to electrolyze a soln. of alumina in fuscu cryolite. 
For the purposes of the American patent, C. M. Hall was able to cite Feb. 23,1886, 
as the date of the invention and putting into practice, while P. L. V. Heroult cited 
April 23,1886, as the date of his French invention. As a result, C. M. Hall received 
the American patent on April 2,1889. He claimed ; 

Dissolving alumina in a fused bath composed of the fluorides of aluminium and a metal 
more eIectroi>o8itive than alununium, and then passing an electric current through tlie fused 
mass. Dissolving alumina in a fused l»th composed of the fluorides of aluminium and sodium 
and Uien passing an electric current, by tnoans of a carbonaceous anode, throu^i the fused 
mass. • 
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The lo 8 ReK in fluorine are made good by additions of aluminium fluoride; and 
fresh aiurninu is added to the bath, t<j make up for that which has been reduced to 
aluminium. The later forms of the two processes arc the same in principle. In 
both processi'H, tin* (current not only ]K‘rforn »8 the work of electrolysis, but also 
melts the electrolyte, and continually makes good the losses of heat due to radiation 
and conduction. There are Ynodifications in the composition of the bath, and in the 
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form of the cells, in different works. Furnaces 
have been devised by L. Grabau,»B. Neumann 
and H. Olsen, M. Schindler, E. C. Kleinert, 

L. Lossier, U. J. Henderson, etc., and the 
subject has been discussed by J. W. Richards, 

M. Kuss, B. Kosmann, R. J. Henderson, 
VV. Borchers, A. Lodin, etc. In general, the 
baths are made of wrought-iron, and the walls 
are coated with solid electrolyte) which protects 
the iron from corrosion by the melted electro¬ 
lyte. Some baths have a carbon lining but it 
is then difUeult to prevent the molten electro¬ 
lyte working its way through the (capillary 


poH's. The bottom of the bath is covered 
with carlx)!! jiiatos, Fig. 2, wliu li serve as cathode until they are covered with 
aluminium, wdicn the metal itself a<'ts us cathode. 

Ihe leads of the anode are screwed on an insulated sup])ort so that they can be 
lowered as they are burnt by the anodii- oxygen, and as the resistance of the 
bath varies. Air circulates about the bath so that a crust of electrolyte* freezes on 
the surface iaside. A tapping hole allows the aluminium to be run into moulds 
from tune to time. Water-cooled cathodes have been tried ; hut the objection is 
the attack, of the metal liy the electrolyte*, tlius introducing impurities into the liath. 
Ihe carbon unodcH are costly, .since almost three-fourths as miichcarbon is consumed 
by anodic oxygen as alutniniuiii is produceii apiiroximately aC-,U’0-f 2A1. 

Ihe amides are also burnt by atm. oxygen. Tiie anodes 'must contain very little 
impurities tither than alumina, or the bath, and subsequently the aluminium, will be 
contammuted. . Tin* manufaeture of the anodes has been d'escribed bv W. Clacber; 
and the Is'st form of anode has been investigated by F. Bock. 

G. H. Baih'y and R. Sidigman have sliown that the consumption of carbon, in 
pracUce IS much less than is repn-sented by AI.O 3 f3C-3C()-f-2Al, assumed by 
!; Ij F. Haber, etc., to represent the main reaction. According to 

•>*At Ii yf lhi‘ anode gases corresponds more nearly with 

r •' oi-o a r normal anode consumption, the temp, of the bath 

being .)4o , K. Seligmun found the anode gases to contain C'Oo, 45 ‘ 0 ; 00 , 43 * 6 ; 

2 » ^ o , and No, lo per cent. The nitrogen present does not account for the 
presence of carbon dioxide as burnt earbon monoxide. It is therefore assumed tliat 
ho alumina lUelf is el(‘ctrolyzed so that the aluminium is liberate'd at the cathode 
a I ox>gen at the anode, and the oxygen then unites with carbon to form carbon 
monoxide and carbon dioxide. Some of the carbon monoxide burns to carboij 
moxide m contact with air. The composition of the anode gases is therefore 
1 ! *L** temip.. current density, physical character of anode, rapidity with 
Ik * * contact with the anode, etc. A. Minet suggested 

r**k bbunmm liberated at the cathode is really produced by the decomposition 
0 e a ummium fluoride, and that the fluorine liberated at the anode attacks the 
alumina, ndormmg fluoride and lilxTating oxygen: Ah()i+F-Al«F+Oi- but this 

hypothesis has been abamloiied. ‘ * 1 

Alumina alone melts at so high a temp, that a solvent must be obtained. Cryolite 
it* a ** below 1000°. The fusibility of the cryolite is lowered by the addition 
ot other fluorides—aluminium fluoride, or calcium fluoride. F. Haber says that the 
temp, of the bath shouM be kept as low us practicable, fluctuating between 900° and 
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1000°, but never exceeding 1065°; J. W. Richards gave 000°-950° for the bath 
The effect of fluorspar on the ni.ji. of cryolite as found by P. Pascal and A. Jouniaux 
is shown in Fig. 3; there is a eutectic at 9tX5° coutaiinng 2r)'4 per cent, of tUiorspnr. 
Mixed crystals are formed with 20 5 and 50 per cent, of fluorspar. Tlie effect td 
calcium fluoride on the m.p. of cryolite has been determined by P. P. Fedbtiefl and 
W. Ijinsky, and by N. A. Puschin and A. Baskoff. Fig.tb P. Pascal and A. Jouni¬ 
aux found that alumina lowers the m.p. of cryolite from 977'^ to the eutectic at 904° 



Kkj. 3. Molting 1‘oinl.H of Fm. 4. -- Molting I’oinls of Fio. 3.- Moltitig I’omle of 
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Fluorspar. Cryolite. Fluornpar. 


with 24 per cent, of alumina--Fig. 4. Mixed erystals occur with 2t) and 29 per cent, 
of alumina. R, Lonmz and co-workers place the eutectic at 937°- 93H'' with 32-33 
molar per cent, of alumina ; and M. Moldenham-r, at H80° with 20 per cent, alumina. 
Similarly, P. Pascal and A. Jouniaux state that alumina lowers the m.p. of fluorspar 
from 1361° to the eutectic at 1270° with 26'r) per cent, of alumina—-Fig. 5. Mixeil 
crystals with 20 and 28-5 per cent, of alumina are formed. P. Pascal and A. Jouni- 





aux studied the m.p. of the ternary system containing cryolite, alumina, and fluor¬ 
spar. The liquidus system is shown in Fig. 6, and the solidus system in Fig. 7; 
the contour lines arc drawn for each 50° difference of temp. The eutectic in Fig. 6 
at 868° has 59 3, 23 0, and 17 7 per cent, respectively of cryolite, fluorspar, and 
alumina. The mixed crystals composing the ternary eutectic in Fig. 7 contain the 
percentage amounts cryobtc, fluorspar, alumina as 77 :16: 7 ; 60:15; 25 ; and 
34:54 :12. 
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J. W. Richards found the sp. gr. of solid and liquid commercial aluminium to 
be 2'66, and 2 64 ; of commercial cryolite, 2 92 and 2 08 ; of commercial cryoUte 
eat. with alumina, 2 90 and 2‘3r); of commercial cryolite with aluminium fluoride 
SNaF.AIfa f2AlF;,, 2 % and 1’97; and of the same mixture sat. with alumina, 
2 98 and 2’14. The sp. gr. of cryolite at ordinary temp, is greater than that of 
aluminium, so that if this condition were maintained at the temp, of the bath, the 
metal would float on the molten flux. At the temp, of elctrolysis, however, the 
sp. gr. of the metal is the greater, and it accordingly collects at the bottom of the cell. 
R. Pascal and A. Jouniaux’s data are: 


Sp. gr. Al 

«:)H’ 

. 2'4(l 

Sh;:' 

2-45 

740' S02’ 888* 025* 

2 43 2-41 2-39 2-37 

1000* 

2^5 

Molten cryolite has 
Thus, 

a {K)int of 

tiiu.xiiniim 

den.sity at 995°, when the sp. 

gr. is 2*22. 

8p. gr. oryolito 

(t7Z‘ 

. 2185 

U7«' 

2-203 

005" loos" 1032* io«r 

2-220 2-209 2 189 2 164 

1083* 

2*102 


The sp. gr. of cryolite is decreased by the addition of silica, and increased by the 
addition of fluorspar; tlu; sp. gr. of ternary mixtures of cryolite, fluorspar, and 

alumina are shown graphically in Fig. 8. 
K. Arndt and W. Kalass have investi¬ 
gated the conductivity of soln. of alu¬ 
mina in molten cryolite. 

J. W. Richards said that the sp. 
resistance of the electrolyte is 3 ohms 
per C.C., and estimated the decomposi¬ 
tion voltages of the constituents of the 
bath to be aj)proximately 4 7 volts for 
sodium fluoride, 4'0 volts for aluminium 
fluoride, and 22 volts for alumina. 
Assuming that thes(^ vaUn's are correct, 
alumina will decompo.se first. If high 
current densifies be used, sodium will 
be lib(*rutcd, ami fluorine may be 
liberated at the anod<! if the proportion 
of alumina in the bath be very low, or 
the current density be high. There are so many dilBculties in preventing the baths 
from clogging, becoming discoloured, and ceasing to operate properly that the 
production of aluminium by electrolysis on a laboratory scale is difficult. One 
difficulty is duo to polarization at the anode owing to the formation of a film of gas, 
which reduces the current so much that the bath freezes. If a higher voltage be 
used, the bath is heated locally, and the aluminium is oxidized. This is prevented 
1% Boino extent by using an anode with a largo surface area. The production 
of aluminiuiu on a small scale has been studied by F. Haber and R. Geipert, 
M. do K. Thompson, B. Neumann and H. Olsen, N. A. Puschin, E. Dischler and 
M. Maksimenko, H. K. Richardson, eto. The current consumed by the cell is 
approximately 10,000 amps, at 6*5 volts, and the current density at the cathode is 
100 amps, per sq. dm., and about 500 amps, per sq. dm. at the anode. For the 
plant examined by F. Haber the current efficiency was 71 per cent.; the voltage, 
B‘6: the current, 7520 amps.; the yield of metal, 43*1 kgrms. per 24 hrs.; and the 
energy consumption 23,000 kilowatt hours per ton. The chief losses are due to the 
formation of a metal fog which diffuses from cathode to anode, resulting in a regenera- 
tion of alumina at the anoile; there are also losses due to short circuiting between 
anode aiu^ cathode. « 

Blootro-thermal prooesses lot ftlaminiam alloTS.— The brothers E. H.,and 
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A. H. Cowles» showed that il alumina be heated with carbon and a metal oxide, 
an alloy of aluminium with the metal is obtained -e.j. curro-aluminium. Several 
modifications of the furnace were proposed. The mixture is heated by passing a 
current through the mixture A, Fig. 9, to be heated via carbon electrodes V, V. The 
reaction is thermic not electrolytic, for, said B. Kosmaun, the electric current is 
utilized by its conversion into heat by the resistance' otfered; pure elcctroylsis is 
either absent, or occurs to so small an extent as to be inappreciable. W. Borchers 
has described a number of these resistance furnaces. That shown in Fig. 10 has two 



Fill. 9. —A. 11. and E. H, CowIom' Fiu. 10. —W. llorchor'H Hoaistunco 
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carbon rod» A, A fitted with a thin carbon pencil li between tliein. This lies in the 
axis of a paper cartridge filled with the mixture to be heated—say clay, carbon, and 
copper oxide. This is covered over with coarse carbon powder. The circuit C(J 
is closed, and in a few minutes a copper aluminium alloy is formed. E. Viel made 
fcrro-aluminium alloys by a somewhat similar process. J. H. J. Dagger, 
W. P. Thomp.son, C. F. Mabery, and T.S. Hunt liavcdeseribed E. H.and A.H.Cowles’ 
processes for making aluminium alloys. 

The impurities in commercial aluminium. - A. Salvetat^^ analyzed Devilles 
aluminium in 1856, and found that it contained eopjier, iron, silicon, and traces of 
load as impurities. J. W. Mallet found traces of sodium and titanium. 0. L. Erd¬ 
mann found zinc to be present. In 1868, C. F. Rammelsberg reporkd 0‘7 per cent, 
of silicon and 4 6 7'5 per cent, of iron in a saunde of commercial aluminium ; and 
in 1876, \V. Ilampe bnind 0'4 to ID per cent, of silicon, 1‘3 to 1’4 per cent, of iron, 
0'2 per cent, of lead, 01 to 0'4 per cent, of eojjpcr. Analyses of tlie metal prepared ^ 
by the sodium proeo8.s have also been given liy (.\ H. Hirzel, C. Karmarseh,*etc. 
H. Moissan found that elect rolytic aluminium contained iron and silicon, O' I per cent, 
of carbon, and some nitrogen. Nunu^rous aimlyses of mofleni aluminium Imve keen 
published, since it is the fashion to give the analysis of tin* material used in descrip¬ 
tion of the physical and chemical prop»‘rties of the metal. First-grade aluminium 
contains 99 per cent, or more aluminium, and the second-grade metal 98 to 99 per 
cent, aluminium. The chief impurities are iron and silicon. Thus (j. II. Bailey 
quotes analyses of 18 samples with 95'48 to 99'6.5 per cent, aluminium; 0'029 to 
3'22 per cent, of iron ; and O’17 to 0'64 per cent, of silicon. Two of the samples 
Imd 0'09 to 0*116 per cent, of sodium ; and four samples 0*30 to 3*70 per cent, of 
copper. R. Seligman and P. Williams quotes five samples with 0T4 to 1*3 per cent, 
of iron; 0*13 to 1*4 per cent, of silicon; and in one sample there was 0*3 per cent, 
of copper. R. L. y Gamboa, and 0. Boulanger and .1. Bardet found galliuiiTin 
specimens of aluminium and of bauxite. J. Czochralsky found traces of aluminium 
oxide, and carbide in the commercial metal. Virtually no sodium, aluminium 
sulphide or phosphide was present. 

The purification ot alominium. -H. St. Devillc found that ferruginous 
aluminium can be partially purified by a kind of liquation. To free the metal from 
sodium and slag, the molten metal was kept fused in contact with air for a long time 
and the surface film was skimmed off. Fusion under potassium polysulphide 
partially removes some lead, copper, and iron. He obtained the best results by 
fusing the metal with nitre in a cast-iron crucible well oxiilized it.self by nitre on the 
inside. W. Dichi claimed to remove iron by fusion with sulphur; P. E. Placet used 
potassium dichromate and permanganate; and U. J. J. le Verrier said tbali be reduced 
the silicon in a sample of aluminium from 0*81 to 0*67 per cent, by fusing the metal 
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under a layer of alkali fluoride. A. G. Betts, and The Pittsburg Reduction Co. tried 
electrolytic methods of purification. H. St. C. Doville, and C. and A. Tissier cleaned 
the surface of aluminium by washing it first with an aq. soln. of potassium hydroxide, 
and then with nitric acid viiie etching aluminium. J. W. Mallet in his Revision 
of the aloinie uritjkt of aliitninitim (1880) started with commercial aluminium con¬ 
taining 9(189 percent, of ahiminium. I'84 per cent, of iron, and 1'27 percent, of 
silicon. This was treated with liquid bromine, and the resulting aluminium bromide 
purified by fractional distillation repeated until the product was i)erfectly colourless, 
and rlissolved in water without leaving any percejrfible impurity. The bromide 
was reduced by treating it in a crucible made of a mixture of alumina and sodium 
alumiuate. On analysis, the metal gave no wi'ighable impurities. E. Strasscr 
treated the molten metal with the vapour from nitric acid. F. and W. Mylius 
purified aluminium by fractional freezing of the molten metal; the first portions to 
crystallize are the purest. 

0. Ohmann t* jirepared (dumininm wool. J. Billitzer, F. Ehrenhaft, T. Svedberg, 
and D. Zavrieff made Colloidal aluminium. The last-named failed withG. Bredig’s 
process (2. 2 . 1 , Itt), hut he succeeded by placing two electrodes of aluminium 0‘i mm. 
apart in a vessel of water, and pas.sing a current from an induction coil fed by 
15-20 amps, at 120 volts, and having a spark 20 cms. long—the coil was in circuit 
with a large condenser. The colloidal soln. could be kept nearly a month without 
floccuiati(»n. (. II. Hall studied the electrical jtrec.ipitation of finely divided 
aluniiuium 
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§ 4. The Physical Properties of Alaminium 

F. Wohler,^ and J. W. Mallet likened the colour of compact aluminium to that 
of tin. C. Karnmrsch said that the colour of commercial aluminium resembles (hat 
of platinum and cornea between that of zinc and of tin; and 11. St. (J. Dcville, 
that the colour has rather a bluer tinge than silver. J. \V. Richards says tijat 
aluminium has a blue tinge after it has been worked or polished. The l>Iue is also 
more pronounced the greater the amonnt of impurity the metid contains. A 
specimen with 10 per cent, of silicon and 5 per cent, of iron was almost as bhie as 
lead. The metal prepared by F. Wohler’s process ap])ear8 as a dull grey ])owder 
which acquires a metallic lustre when rubbed with a burnishing tool. M. Faraday 
obtained films of aluminium by deflagrating the metal by the Leyden battery and 
catching the vapour on glass plates. In reflected light the film is white and 
metallic; in transmitted light it is dark brown, bluish-brown, and occasionally, in 
the thinner parts, orange, A. W. Wright heated aluminium foil in an evacuated 
tube, by means of an electric discharge, and obtained a mirror of sublimed metal 
which appeared brown in transmitted light; J. A. Fleming likewise obtained a 
blue film. Very thin aluminium-leaf is viob‘t-blue in Iransmitted light. Acconl- 
ing to H. Moissan, the vapour of aluminium is greyish-blue; and, according to 
W. L. Dudley, greenish-blue. According to J. W. Richards, purified aluminium 
has no odour, but the metal with over one pt'r cent, of siUcon exhales tin* 
odour of silicon hydride, and similar to that winch proceeds from east-irou. 
The smell of second-grade aluminium is best detected immediately aft<'r a brisk 
rubbing; purified metal lias no taste, but the impure metal seems to taste like 
east-iron. 

No allotropic form of aluminium has been observed. Aluminium, said J. W. 
Mallet, has a crystalline fracture, and that of the cast ingot being slightly fibrous. 
Mechanical work makes the fracture more fibrous; and, added 0. Karmarsch, the 
fracture is more fine-grained the more the metal has been mechanically worked, fn 
conformity with U. Hooke’s seventeenth century observations of the crystalline 
characters of the metals, aluminium cast from the liquid state is an aggregate of 
allolriomorphic (oXXoTpu)?, strange; form) crystals since the shape of each 

crystal is determine<l by the crowding of the neighbouring crystals; no idw- 
inorphic (r^to«, characteristic) crystals, which have developed their characteristic 
form without being disturbed by other crystals, have been obtained. H. St. 0. Deville 
said; 

Atuminium often presents a crystalline appoaranco when it baa been cooleil slowly. 
When it is not pure, the little crystals whie-h form are needles, and cross owh other in aif 
directions. When it is almost pure it still crystallixes from fusion, but with dini<-ulty, and 
one may observe on the surface of the incots hexagons which apftear regularly parallel along 
lines which centre in the middle of the polygon. It is on error to conclude from this obsetva. 
tion that the metal crystallizes in the rhombohedral system. It is evident that a crystal 
of the regular system may present a hexagonal section; while, on the other hand, in pre> 
paring alaminium by the battery at a low temp., 1 have observed complete octaheclrona 
which were impossible of measurement, it is true, but their angles a[)()eare4l equal. When 
a large mass of molten aluminium is slowly cooled, and the fluid interior poured out, 
distinct octaliedrons may bo observed. Surfaw depr^ions are found in an ingot of oom- 
mercial aluminium where the metal has solidified last. There are numerous dendrites in 
these depressions, and these pass gradually into the normal granular structure. On the 
sides ana base of the ingot where it has cooled in contact with toe mould, lesfdike dendrites 
stand up above the surface; they represent the first points of solidification. W. CcunpbeU 
showed that toe structiire is best examined by casting the metal on a smooth cold surfaoa— 
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obtainwl by caaling tiia * “"T'“ ", /„,e „ 1 one q«a<lmnt ot ttie dendrite remd.^ 

.Ji 

r»:,,s 

K.y A W Hull W L. BraKK, F. KirchiK'r, H. Bohlin, i*. Kinne, b. a. 

Owen ami U. D. Proston, F. Korber, K. Beckor and F. 

N UaW^ky and H. Konol.ejewaky, and P. Soherrer ahow that the umt structure 



’ Fkjh. 11 and 12. Cryatnls Hhowing on the Surlace.a of Caat Alnminium. 

of the nliiminium crystal is that of a face-eentrod ciihe of aide 404 to 4'()5 A. with 
an atom of aluinininm at each eorner, and one at each face of the cube. The closest 
approach of the atoms is i'Sri A. >S. Niahikawa and (}. Asahara, H. Mark and 
K. Weiaseuherg, and M Kttisidi and eo-workers studied the elleet of rolling and 
annealing on the X radiogram of aluminium. H. C. H. Carpenter and ('. F. Elam 
also prepared crystals of aluminittm with a faee-centieil cube lattice. According to 
W. L. Bragg, the radius of the atomic spheres is 1'35 A. K. F. Slotte gave 6 0x10“® 
cma.forthe edge of the mol.cube of solid attd li<|uid aluminiutti. ('.Davisson and 
0. H. Kunsmati made idiservations on the structure of the atom. C. .T, Smithells 
hmnd the {ractiire ot single crystals to be ot the wedge type. 

Commercial aluminiutti has not the high degree of purity of commercial copper, 
and may contain about 99 2 per cent, of aluminium; the itnpurities are mainly iron 
and silicon. While the structure near the surface of an ingot is dendritic, the 
internal structure is allotriomorphic, and the one type of strticture passes more or less 
abruptly into the other. According to R. J. Anderson,'- the grains of aluminium, 
with any copper present in solid soln., and iron as iron aluminide, FeAlj, segregate at 
the grain boundaries, and the silicon, when free, appears to be inter- and intra- 
gianular. Both F. J. Brislee and R. J. Anderson believe that aluminium loses 
its crystalline structure when cold worked, and becomes amorphous. The former 
said: 

Mioroseopic examination of imUahed and etclied R{iecimens taken at various stages of cold- 
working sKows that tlio erystaUino structure disapficars at a very early stage of the working. 












ALUMINIUM 


175 


and unl^ the meUi is annealed, it will become faUgueS, developing a species of Forfier- 
krankfteit Aluminium which has l>een aubje(‘tcd to exi'cssive coid*working allows an entire 
absence of structure, and haa tlie anis'arant'c of the metal which has flowed and passed into 
a vitreous amorphous state. ... No moddkation of the customary methods of irniisliing 
and etching revealed elongated crystal boundaries such as are visible in other worked 
metals. 

Au contraire, H. C. H. Carpenter and ('. F. Elam followed the gradual elongation 
of the crystals from the cast ingot during the process of rolling ; the metal finally 
appears to be a mass of parallel fibres running in the din'Ction of the rolling. “ The 
crystals in the cold-rolled sheet are so flattened out as to res<‘iuble tin* leaves of a 
book.” A section cut transversely to tlie direction of rolling “ wo^ld out these 
leaf-like crystals in such an irregular manner that the structure revealed on etching 
would be very difficult to interpret.” The idea that the cold-worked metal is 
amorphous is mainly due to difficulties in etching the metal. A. 0. C. (Jwyer, and 
W. Hosenhain do not believe that the metal becomes amorplious wIumi severely 
deformed ; although the latter thinks that the distorted grains in the highly deformed 
metal may not be aecuratidy described as crystals, ami that there must be a large 
proportion of disarranged—amorphuu.s matter. 

J. W. Mallet said that highly purified aluminium is less hanlened by working 
metal which is less pure. When aluminium is strained slip-bamis arc formed, hut, 
according to K. J. Anderson, no twin¬ 
ning has been so far ob.served as the 
rc.sult of direct meehamcal strain. 

The slip-bands are produced by a 
sliding or slipping within the crystals, 
and th(*y make themselves evident 
as fine straight or curved lines on 
the faces id individual crystals sub¬ 
jected to a .strc'ss exceeding the elastic 
limit. Fig. 13 (xI<)(H)} shows the 
slip-bamls in 1)7 per cent aluminium 
developed by the <leformation of the 
polished nu*tal etched with sodium 
hydroxide. Two sets of bands arc 
(levelojied within individual grains, 
and they cross one another at an 
angle approximately 65"'. Sliji-bamls 
are to be distinguished from the so- 
called Neumann-bands which are out¬ 
crops of mechanically twinned lamelhe 
formed by deformation. 

The preparation of aluminium formieroseopicexeminalion has lieen dcHcrilMHl by I). Han¬ 
son and S. L. Arohbutt, () K. HudHon, R. •!. Anderson, etv. Sodium or potassium hydroxide 
- in 0*10 to 20 pt>r rent, soln.—is a common etrbing liipud ; H. C. H. (WfXMiter and 
r. A. Edwanls uwhI 10 jier cent, sodium hydroxide. The tarnished siirfai-es, due to ••iirliojj. 
aeeous matter, sometimes obtained are then clooned with 60 |>er cent, nitric acid, or with 
chromic acid as recommended by W. Roaenhain and S. L. Arehhutt. H. 0. H. C'arjientnr 
and C. F. Elam preferred an alcoholic soln. of sodium hydroxide diluted with water until 
a stream of bubbles rises from all over the surface; followed by a 1-2 [)er rent. soln. of 
hydrofluoric acid. P. J. Brislee recommended hydrofluoric ai id -in 10 to 16 i>er cent. soln. 
—the darkening of the surface is cleared by a few seconds’ immersion in cone, nitric acid. 
Hydrofluoric acid tends to develop a pitted surface. 

The hot-working of aluminium leaves the metal in a more or less strained con¬ 
dition since the finishing temp, is not usually high enough to effect the self-annealing 
of the metal. In the manufacture of sheet-aluminium, the metal is first work«“d hot, 
and finally rolled to gauge when cold. Z. Jeffries and K. S. Archer gave 150" as 
the lowest temp, at which the rccryatalUzation of the cold-worked metaj has been 
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observed, H. C. H. Carpenter and C. F. Elam found that the recrystalliration of the 
cold-worked metal is excessively slow at 200°, and very rapid in the neighbourhood 
of 600°. Kecrystallizatioii is very incomplete after eighteen months’ heating at 
20(J°, and the new crystals are confined to the surface of the metal sheet. There is 
a gradual blurring of the original boundaries of the fattened crystals. In the early 
stages of recrysfal/ization between 250° and 300°, new crystals appear at the old 
boundaries; these crystals’appear white, the old un-reoriented crystals appear 
tarnished. An hour's heating at 600° produced large polyhedral crystals which were 
approximately ei^uiaxial although there was a slight tendency for them to be slightly 
eloiiguted in the direction of rolling. The elongation of the now crystals in the 
iliri'ction of the rolling is more pronounced in the metal annealed, say at 250°-300° 
than it is In the metal annealed at 450°-600°. G. Tammann found that the size 
of Gic crystals decreases as the temp, is raised, reaching a minimum between 
.')lxj° and .'list", .and after that the size increases with temp. Fig. M (X50), by 



t'ni. 14.- AtlDtriomorpliiedryatola of Annealed Aluminium (Elchi HP, magniricotion x 50). 


H. ryulerson, shows the appearance of an etched surface of aluminium 
aniHMih’d by four Imura exposure at 595''. 

As a result of <]"' work of 0. Chappell on iron, of C. H. Mathewson and A Phillius 
on a-bruM and of If. t. II Urpeuter and (t. F. Elam on aluminium, and an alW 
of to with 1-5 per cent of antimony, it is concluded that the recrystallization of 
strained metals does not take place as a result of the general disintegration of the 
distorted crystals. H. (. H. ( arpenter and C, F. Elam inferred; * 


(1) Neither crystal growth nor reorystallizat ion will toko nlaco imirai. iho u 

auhjectod to plastic dotonuatioii in tho absence of n change^of phase and 

ha. heat^ to a certain minimum temp, for a certKiSTtime 

(2) The effect of work depends on the amount of deformation and result, in the produo 

tion of tr^. or elip.^d«. or both followed, |i) neither by growth nor recrystalKS ™ 
''** iSSiii**) 5^ "" ■ “”}■■') •>3’ recrystaOiration and gr^ on h»5no 

mi, wlueb wiU produce these effects dep^ds on the^p 

pe higher top. the loss tto required deformaUon. The efiecta produced by defS 

to Z jSSS?of'h“^: '■"formationfthe anneaLg te?^, 

(4) Rec.-ystallization begins in eryatal^i -’«de. of old distorted crystals or in twin 
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iKiuiubiriKS. It 8t«rU from a fow |M)iut« and gradually sjiremU iudiHOiiininutoIy tliruugli the 
mABii growing into the cryKtala iu coutaut with the boutidani'M. The now urysUilrt may 
jlxhibit twmned forms. No preference for growth m crystal iHiundaries or in twinning 
bleueH < ould be detected. 

f (5) ReiTystalliitation is always followed by the growth of I'eornMitetl ciystals into one 
Smother. Crystals can l>oth grow and be grown into at the same tune. A large crystal does 
^not iKH'OssariJy invade u small one with which it is m ciaitact. A large crystal can grow 
the exjMmso of a small one, and conversely. tJrowth alvtU^s ociurs by boundary migrn* 
tioii, not by coaleseciu-e. Neither Himilanty uor diversity of orientation alh'cts tlu' growtli 
of one irystal into another. The size of the crystals when eijuihbnum i.s attained may 
vary withm wide limits. 

.V. Sauvour. W. K. Under, C. Chappell, Z. Jejfries, and D. Uan.son showed that 
if a metal be locally deformed and then heated, the largest crystals are prodneetl 
at some distance from the point wliere the stress is most severe. U. Seligman and 
P. Wdliains, ami 0. Tammann and Q. A. Mansuri imule some observations on the 
growth of the crystals. H. C. H Carpenter ami K. Klam found that if the metal 
be locally deformed the largest crystals arc alway.s formed at the minimum stress 
n'^uisite to produce growth ; ami the lower the temp, of heating, the greater the 
stre.ss required to produce the largest crystals ohtaiuabh' at that temp. It was 
sugge.sted that the mechanical deformation supplies the energy for crystal growth, 
and that heat permits only those changes to take jdace which deformation has 
rendered possible ; eonseipiently the more the crystals are .strained the greater the 
energy they possess, They found that as ilcformation inereases the size of the 
crystals ilimimshes. because growth starts from more instead of fewer centres. 
Heating alinimmnn of 0 {ler cent purity to .Vin' for six hours, then subjecting it 
to a load of 2 I tons per .‘^q. in., and annealing the metal by raising its temp, from 
150’ to 550’ at the rate of 15 20 j»er ilay, ami finally heating for one hour 
at <i<K) , sometimes gave pieces containing oidy one crystal. K. von Homperz dis- 
ciis.sed this subject. K. Uassow and L. Veble rejnesented the relations between 
the. average grain-size of the alio- 
triomurphic crystals of aluminium 
expressed m mm., the annealing 
temp., ami the amount of cold-work 
cxpre.ssed as a peremitage reduction 
in the height of cm. cubes under 
compression, by means of a thnm 
ilimensumal diagram, Kig. 15. 

K. Wetzel also studieil tins qu(‘»- 
tioii. E. C. Bain ami Z. Jetfnes 
investigated by X-radiographic 
examination whether deformation 
18 aci'ompaiiied by a rotation of 
crystal fragments or by the pro¬ 
duction of new orientations, and 
came to the latter conclusion. 

M. Ettisch and co*worker8 say that the crystallites in soft wires are arrangeil 
irregularly, and those in hard-drawn wires regularly. E. von (jlomjaTz made wires 
of single crystals of aluminium. The alleged deterioration of aluminium after 
repeated melting wa.s shown by W. Rosenhain and J. D. Grogan to be due to 
the progressive contamination of the aluminium by other materials. K. Borne- 
mann and F. Sauerwald found that the application of press, did not increase 
the grain-size during the annealing. 

The specific gravity of aluminium is very small in comparison with that of 
onliuary metals, being nearly one-third that of iron; wt. for wt., t In refore, aluniiniiun 
occupies three times the vol. of iron, or vol. for vol., iron is nearly three times 
as heavy as aluminium. J. W. Mallet* gave 2583 for the sp. gr. of the highly 
purified metal at 1°. The less pure metal usually has a higher sp. gr.* but the 
VOL. V. ' N 
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increase is not proportional \o the amounts of impurity present. According to 
J. W. Richards: 
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Bp. gr. calculated 


. 2-61 

2-61 
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Bp. gr. obdorvod 

. * . 

. 2-736 

2-800 

2-764 

2-86 


The calculated sp.gr. is always less than the observed, showing that a contraction 
occurs on alloying. Silicon has a smaller sp. gr. than aluminium. Assuming the total 
volume of impure aluminium is c<jual to that of the pure metal, it follows that the 
aluminium can be alloyed with several per cent, of iron and silicon and yet decrease 
in volume. According to F. Wohler, the sp. gr. of cast aluminium is 2 50, and 
that of the hammered metal is 2 67 ; 11. St. C. Deville gave respectively 2'56 and 
2'66 for the cast and rolled metal; C. Karmansch, 2'730 2'769 for commercial cast 
aluminium, 2 77 for thick sheet, and 2'798 for thin sheet. W. H. Barlow gave 
2’688 for aluminium bars ; E. Madelung and K. Fuchs, 2'7080; 11. Buff, 2'664-2'667 
for aluminium wire between 0^ and 9"; and 0. II. Hirzel gave 2 75 at 4'5‘’ for the 
hammered metal. /Ill this shows that the mechanieal working of aluminium 
increases its sp. gr. J. D. Edwards and T. A. Moormann found that e-xcessive cold 
work lowers the sp. gr.; thus, the sp. gr. of a sample of 99'5 per eent. aluminium 
drawn into wire, of No. 10 gauge, was 2 703 before annealing, and 2 7063 after 
annealing. G. W. A. Kahlbaum and E. Sturm found 2'713 for the sp. gr. of com¬ 
mercial aluminium ; 2 703 for the metal, free from siUcon, annealed at 470°, and 2'699 
for the same metal cold-worked - all the data in vacuo at 2074°. F. C. A. H. Lants- 
borry gave 2 6995 for the cold-worked metal and 2'7030 for the annealed metal. 
For aluminium with 0 25 per cent, each of iron and silicon, F. J. Brislee found the 
sp. gr. of the cast metal to be 2'70S0 at 14° 1974"; for hard drawn rod, 2'7032 at 
2274 ° ; and for the re-melted metal, 2'6H21 at 1674", the decrease may have been 
due to the ailsorption of gases, say nitrogen. T. M. Lowry and R. 0. Barker found 
the sp. gr. of filings of purihid aluminium is rather less than that of the metal en 
mam, falling from 2'7040 to 2’7027. They showed further that although the 
complete annealing of worked aluminium is accompanied by a contraction, there is 
a slight o.xpaji\Bion in volume in the earlier stages of the process of annealing at 
100’. H. St. 0. Deville said that heating the rolled metal to 100° had very little 
inHuence, for the sp. gr. was lowered from 2 67 to 2 66. J. W. Kichards stated that 
heating a sample almost to its m.p , and then suddenly chilling it with water lowered 
its sp. gr. from 2 73 to 2-69. Annealing restores the sp. gr. of the worked metal to 
its original value; thus, J. D. Edwards and T. A. Moormann found the sp. gr. 
(in vacuo) of cast aluminium (99 75 per cent. Al) at 20° to be 2 703; and 2 703 
when rolled and annealerl. T. M. Lowry found the sp. gr. of aluminium is decreased 
by annealing at 100°. The best representative value for the sp. gr. of annealed 
aluminium is 2 703, and for the cold-worked metal 2'700. E. Heyu and E. Wetzel 
found that quenched aluminium suffers no perceptible change in vol. on standing. 

*HC. Borncmann and F. Sauerwald measured the sp. vol. of aluminium and its copper 
alloys. P. Pascal and J. Jouniaux gave 2-41 for the sp. gr. of aluminium at the 
m.p. in an atm. of an inert gas, 2 36 at 800°, and 2 29 at 1000°. J. D. Edwards and 
T. A. Moormann measured the sp. gr. (in vacuo) of aluminium up to 1100°, A with 
99’65 pet cent. Al; B with 99 4 per cent. Al; and C with 98 25 per cent. Al, and 
found: 


Sp. gr. 


I- 

\( 


20^ 

100" 

400' 

650* 

66d* 

700* 

000* 

1100* 

2-703 

2'60 

2-62 

2-56 

2-382 

2-371 

2-316 

2-262 

2-706 

— 

— 

— 

2-384 

2-373 

2-318 

2-264 

2-727 

““ 


— 

2-406 

2-394 

2-339 

2-286 


8011a 


Liquid 


The ep/gr* aluiuimunSg when molten at ia 






ALUMINIUM 179 

« 

—0'000272(8—658°). The sp. gr. of 99 75 per cent, aluminium at different temp, 
ia plotted in Fig. 16. 

There is a vol. change of 6'6 per cent, in passing from liquid to solid at the f.p. 
J. W. Richards gave 2'66 for the sp. gr, of commercial aluminium at ordinary temp., 
and 2 54 when melted. It is this solidification shrinkage which is responsible for 
the pipe formed in an ingot during freezing. H. Endo found a 6'26 per cent, 
change in vol. on melting. M, Tapler found 2 70 for the sp. gr. at 20”, and at the 
m.p. 2'426; this corresponds with a 4'8 per cent, expansion on melting ; otherwise 
expressed, a gram of metal expands 0 019 e.e. J. H. Chamberlain observed an 
expansion during the freezing of aluminium; and a contraction when the metal is 
melted. This he attributed to the presence of gaseous impurities. H. A. Wilson 
found the ratio ot mass to weight is the same fur bismuth and aluminium to within 
one part per million. 

H. St. 0. Deville said that the hardness of cast aluminium is about the same as that 
of oast silver; and U. Karmarsch found silver wire will scratch ra.st aluminium. 




Fia. Itt.(Jravity of Fjo. 17,--The Variution of iJio HardnoiM 

Aluminium at Different Teinporatures. of Aluminium with TctnjK'raUiro. 

J. W. Mallet found that highly purified alundnium ia softer than the less pure metal, 
and is between 2'0 and 2 5 on Mohs’ scale ; it cannot therefore be scratched with the 
finger-nail, and it is not so soft as tin. The 91) per cent, metal, said J. W. Kicharda, 
can be readily cut with a knife, but the 95 per cent, metal is cut with difficulty. Alu¬ 
minium beconu'H surface hardened by cold working, ao that cold drawing or rolling 
makes aluminium nearly as hard as brass. Assuming the hardneps of copper is 
1(X), J. W. Richards gives 47 for the hardness of cast aluminium, and f>2 for tbat/){ 
the rolled metal—the hardness of cast brass is 71, rolled brass 86. The hardnesa of 
aluminium on J. R. Rydberg’s scale ia 2 9 when that of copper ia d O, and that of 
silver 2 7 , and on F. Auerbach’s scale of absolute values, the hardnesa of aluminium 
is 52 when that of silver is 91. S. Bottone gave 0 0821 for the hardness of aluminium, 
O' 1360 for copper, and 0 0990 for silver. The effect of temp, haa been examined by . 
P. Ludwik, and A. Kiirth; the former found the viscosity hardness to vary with temp, 
as illustrated in Fig. 17. J. Okubo found the acleroacopic hardness of aluminium 
to be 3'75 when that of lead is 135. He also measured the coefficient ol Testitution 
on impact. The Brinell hardness of cast aluminium varies from 23 to 28 ; according 
to P. D. Merica, the scleroscopic hardness of annealed and cast aluminium varicip 
from 4 to 6 ; the hardness of cold-rolled sheets varies from 13 to 15. R. J. Anderson 
measured the scleroscopic hardness of a number of sheets of hard aluminium, and 
found: 

Thickness in mm. 0-2291 (3) 0-1216(8) 0 1037 (10) 0 0841 (12) 0 0650(14) 0 0169(26) 
Hardness . 6*0 12-5 140 160 16-0 160 

where the numbers in brackets refer to the sheet gauge. The effect of annealing ia 
illustrated by selecting the results with sheet of 10-gauge. After 120 mins.’ heating 
to 200®, the hardness was 10*2 ; after 30 mins, at 350®, the hardness was 5 0; ana 
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M. Hunriut found ttiat the Brineirs hardness of aluminium was raised from 14 6 to 
19'0 after the metal had been compressed at lO.t-KX) kgrnis. per sq. mm. H. J. Ooe 
gave for Brineirs hardness of cast aluminium,23; for extended and drawn aluminium, 
26-29; and for the metal annealed at 550^ l7'r)-24'0. H. O’Neill measured the 
hardness of single crystals of aluminium. Z. Jeffries detected no change in the 
inicrostrueture after the nfetal had been subjected to compressio]!. 

As .shown by I). Saito and K. flayashi,"* the fluidity of molten aluminium is 
large. K. Ilomla and S. Konno found the viscosity of the rolled metal at 20'^ to be 
0'723x Ht** to 0'822 A ; and for the metal annealed at 400^', l'25xlU® at 
K. lokibe and S. Sakai found the viscosity of annealed aluminium to be 25‘OUX Bl® 
at 15’. S. W. Smith found the surface tension of molten aluminium between 
7(K)'' and 820'"’ to be 520 dynes per cm., and the capillary constant a- -:45’09 per sq. 
mm. J. Traube gave 1 19,300 mogabars or 10® dynes per sq. cm. for the internal 
pressure of solid aluminium; ami T. W. Richards, 126,O(J0 megabars. J. H. Hilde¬ 
brand and co-workiTS ealculaU'd relative values for the internal [iress. of the metals; 
and (J. K. (Juye and co-workcr.s measured the olfect of tmnp. on the viscosity. 
W. J. ilumjdircys studied the diffusion of aluminium in mercury ; R. J. Anderson, 
of copper in molten,aluminium, and (1. Sirovich and A. Carloceti, and 0. Bauer 
and K. Biwowarsky, of alummium in solid copper. A. Mas-son gave r)104‘5 metres 
per second for the velocity of sound in aluminium. J. W. Mallet found that the 
liighly purified metal is not sonorous, hut the less purified is highly .sonorous. 
II. 8t. (\ Deville reported : " A very curious property which aluminium .shows is 
its excessive sonorousness, so that a bar of it suspended by a thin wire and struck, 
sounds like a crystal bell. The sonorousness is the more pronounced the purer 
the metal. A bell cast with the metal gave a sharp somul of considerahle intensity, 
hut which was not pndonged, and it seemed a.s if the clapper or support himlered 
the sound, which was thus far from agreeable.” A. Sjiringer siiid with respect to 
the use of uiiimnmnii fur souixiing boards : 

Ahiininiuiu clilTt'i’H from all otlior nu'luts in the absi'Mce of tlio rompurHti\eIy con- 
tinmms luxi miifonn liighor paitim tones wliieli ^ive m other metals the tono-rulour enlletl 
metallic; aial further, that it po.sHt'sses an elasticity ca^mlile of sympathetic viliration 
nnifonnly tlmaiKh a wide range of tone-pitch, which render.s it m thin respect .suixTior 
to wood. 

. Till' malleability of uluminium w li can be forgoil ami rolled as readily 

a» silver and gold, and as f. W.dder, H. .St. t'. Devdie, and .M. Degousse showed, 
It, van be beaten out into thin leaf. J. W. Kieliardssaid that coininercialaluininitnn 
loaf is tl'tKHHidH inin. in thieknoss, and ooinparos favourably with ordinary silver- 
leaf. .1. W. Mallet said that highly iniriHed aluinininni is more malleable than the 
. less pure metal. In rolling, the more impurity in the metal the lo.sa readily can it be 
worked, and the quieker does it become hard. According to J. W. Richards, more 
than 1 i>er cent, of iron makes aluinmmm le.ss and less malleable until with 6 
per cent, of iron the metal i.s brittle ; on the other hand, up to nearly 1(1 per cent, 
of silicon can be present without rendering the metal unfit for rolling. Aluminium 
"Is most malleable between KXV and 1,51)', and, according tot'. Kabian, the metal is 
best worked in that range of temp,, for it can be worked some tunc at that temp, 
before hardening. If rolled cold, it requires more frequent annealing. Annealed 
aluminium is one of the softest and most pliable of metals, yet, as H. St, C. Deville 
stated, by hammering it becomes as hard aud elastic as iron ; and, according to 
A. B. von Burg, by cold working it can be given the stiffness and temper of brass. 
Aluminium leaf is rubbed to powder and sold as a metallic dust for decorative 
purposes. C. Margot found that melted aluminium poured on glass sticks very 
tenaciously on cooling. J. Czochralsky studied the effect of oeeluded gases on the 
mechanical properties of aluminium. 

Gold, silver, platinum, irou, and copper are said to be the only metals whose 
ductility is greater than that of aluminium. H, St. (.'.Deville noted that aluminium 
can be drawn into fiite wire. The metal quickly hardens at the drawing plate, aud 
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requires frequent annealing. The larger sizes of wire can he drawn warm, ajul they 
then require les.s annealing. Aluminium can he juinehed ami stum[>ed in dies. The 
elongation in the tensile strength test can he regarded as a measure of the ductihihty 
•'Figs; U to 17. P. I). Menca gave for the ductility of soft annealed alumuuum 
sheets of ddlerent thickness, hy Fnchs»‘n*s test: 

Thu-kucMs . 0IH2U 0•02Ul (COaiU O-oraW * OUSOS 0‘lOlSinm. 
iJucHlUy . ry'y "'O «0 7-o 9-0 U-0 Ke'i lor»-l2i) n (t l2-r» 

W. H. Barlow found the ductility of cold-worked aluminium to l)e relatively small 
—2‘5 per cent. According to H. St. (’. Deville, alunnmum can hr tiled without 
choking the tile, hut Karmarsch sliowi^d that the eonv<‘rse is true. \V. Heraeus 
said that aluminium may he welded. 

Ua.Ht aluminium has not a high elasticity* and in tlii.s respect it resembles east 
silver; when worked, howevt*r. it becomes more rigid and (duslie. If the hardened 
metal be re-heated to about OOt)', and slowly or quickly cooled, it liecomea almost 
as soft and pliable as lead. If re-worked, the metal again becomes stiff ami clastic. 
According to W. Voigt, the modulus o! elasticity or Young’s modulus of iongi- 
tmlinal ela.sticity of cast aluminium is (>750 kgrm.s. per sq. mm. (J. Angenlieister 
gave ()716 kgrms. per sq. mm. for the annealed, ami 7074 kgrms. per sq. min. for 
the hardened metal. For the cold-worked metal. K. F. Slotte gave 72(Kl; («. S. Meyer, 
7102; and N. Katzencl.sohn, 7510 kgrms. per S(|. mm. F. J. Hri.slee found for 
Young's modulus of percent, aluminium m l>ar.s 081 x I0‘' lbs. per .sq. in.; 
in wires. ff-70 x lo® lbs. per.stp in. the average i.sO Hx 10® lbs. pers»j. in. \V. Suther¬ 
land gives OHO x 10 ®grms. per .sq. cm. as the he.‘<l repres^mlalivevalue at Ih'witli 
the extreme.s (>02 / |0 ®ami 75‘1 k 1 O '® grins, per.sq. cm., ami he represents the value 
of Young's modulus at 0 hv (* lu-re 7',„ represents tin* lu.p. of the 

metal; ami /i„. the value of Young’s modulus at absolute zero. U. li. Dodge found 
with annealed wire of per cent, aluminium and .silicon 0'24 per cent., iron 014 
per cent., ami copper 0‘03 per cent., the effect of temp, on Young's modulus, 
E' -7>xl0"*’ dynes per s(j. cm., and the temp. (•()eiT., a Kr^h/Zs/V/?', to Iw; 

20' to' 00“ SO^ U«r 120’ NO" 100' IHO" 

A". ■•.■.() 7-40 7 27 7-10 U-UO ledU C-:tS (ilHt 5-72 

a • (HK)4() 0-0(l.')7 00072 0-0090 00112 ooixi o-oi:>r) ooi(;r> 0017(> 

With hard wire the results were rather lower, hut thcr(‘was a partial ahnealing at the 
higher temp. The temp, coeff. of the hard wire was almost constant. H. L. Dodge 
concluded that annealing does not materially affect the value of Young’s modulus, 
hut it does affect the rate of change, increasing the teniji. coeff. for low teinj). ami 
decreasing it for higher values. (’. Schafer huind the elastie modulus increased 
21'32 per cent, per 1(K)° in falling from 20 to 186^ According to .1. Fionchon, 
ju.st before the m.p., he. between fiSlU and (i25''\ aluminium acquires a granular 
structure, becoming very friable and falling to jiowder on the sliglitest press.; and 
A. (iranger found that when aluminium is heated to a temp, of about (j(J0', its 
tenacity and hardness become greatly niodihed, the metal assumes a grained struc¬ 
ture, ami can be easily broken. On heating to a still higher temp., the metal cu!!*» 
be cut with a knife or evim eruslu'd in a mortar. According to J. W. Richards, th<‘ 
presence of 2 to 5 per cent, of copper, nickel, silver, or titanium raises the elasticity 
without noticeably affecting its sp. gr., or impairing its malleability. W. HUbel 
found that from 4 to 7 per cent, of phosphorus raiseii the elasticity, sp. gr., and 
tenacity of aluminium. K. A. Sclireibcrexainineilthe influence of <liffercnt elements 
on the properties of aluminium. 

For the toitiou modulus* rigidity, or shear modulus of aluminiu'm. U. Schafer 
gave 2329, N. Katzenelsohn 3350, and F. Horton 2605 kgrms. per sq. mm.; for 
cast aluminium, W. Voigt gave 2580 kgrms. per sq. mni., and for the cold-worked 
metal, H. Tomlinson gave 2673 kgrms. per sq. mm. For the absolute values between 
O'* and 20^, W. Thomson gave 2410 kgrms. per sq. mm., and H, Tomlinson 2470 2400 
kgrms. per sq. mm. W. Sutherland gave 0 932 0 943 for the ratio of the rigidity 
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at 1()0° \aj that at 0", and 0 for the ratio at 200° anil0°. At 16°, W. Sutherland 
takes the best representative value as 2500 kgrius. per sq. mm., and for the rigi^ty, 
JV, at 9°, A/Ny- 1 where denotes the absolute m.p., and Ao the rigidity 

at absolute zero. C. Schafer represents the percentage decrease with temp, on 
coiling as 30'2. K. R. Koch and C. Dannecker found for the influence of temp, 
on the torsion modulus (lbs. per sq. in.): 

'ixr lOU'’ 200" 300’ 400" 450" 500" 

Torsion modulus x 10 •. . 3-87 3 73 3-46 3 10 2 (13 2 03 0-68 

W. H. Barlow * found that a rolled bar of aluminium had a tensile strength of 
26,800 lbs. per sq. in., and an elongation before breaking of 2-5 per cent. He added 
that the tenacity is almost equal to that of steel if the comparison be made by 
weight. C. Karmarsch, P. Ludwik, F. Haber and R. Geipert, A. G. 0. Gwyer, 
E. A. Hunt and co-workers, H. J. Coe, H. L. Dodge, and many others have measured 
this constant. P. D. Merica gives for softened or normalized aluminium, i.e. alu¬ 
minium which has been mechanically worked by rolling, drawing, or forging, and then 
annealed at 400°, the average tensile strength 12,500-15,000 lbs. per sq. in., or 
8'78-10'54 kgrras. per sq. mm.; with the yield point 800()-9000 lbs. per sq. in., or 
6'62 fl'32 kgrms. p(;r sq. ram. and an elongation in 2 ins. of 10-40 per cent., and a 
reduction in area of 20-30 per cent. He also gives the results indicated in Table II 


Tabi.k 1I.--Ten81lk Propekties of Aluminium. 


Korm of iiit-tiil. 


Sutul i-HHl 
f'hill ciuit 
HhtHit: Annealod 
8omi*hard 
Hard 
12.gauga 
1 (i-gaugo 
20-gatiga 
Dath, iiurtl . 

Wire: Jiard 

4U-n]il *. 
• HO-iuil . 
]20 n)il . 
2(H)-n)il . 


' ToDBlle strength 
. lbs. i>er sii. tii. 


1 11,000 13,000 
1 12.000 14.000 
I 12,000-16,000 , 

18.0(H> 22,000 
22,000 26,000 
25,000 
28,000 ; 
30,000 j 
j 28,000 3f).(MM) 
25,(Kh)- 66,(M>0 
31.0(H) 
28,000 
26.0(H) 
22,000 


Yield point 
lbs. per sq. In. 


8,600 

9,000 

8.000-9.0(M) 

9,000-12,000 

12,000-26,000 


14,000 23,(WO ! 
10,000-33,000 I 


treoutage 

ongatioii 

Percentage 

reduction 

Ik 2 Ittd. 

In area. 

16-25 

_ 

16-25 


12 36 

20-30 

6 12 

20 30 

1-7 

20 30 

7 


6 


3 

30-40 

- 

40 60 


fur different forms of the metal. K. Wilson and .1. Gavey found that the duration 
of stress or the time ocimpied in applying the tensile stress, has a marked influence on 
the rivsiilt. Thus, with hard-drawn aliiniiiiiiiiu wires with a breaking load of 325 lbs. 
and a tensile strength of 25-3xUri lbs. persq. in. under ordinary conditions, by 
varying the time of the application of the breaking load, they obtained : 


Tiino of application, sixis. . 

0-6 

6 

118 

626 

Breaking load . 

300 

280 

240 

220 

Tensile ati-ength 

233 

21-8 

18-7 

17*1 


and the wire was not broken, but still stretching at the end of 1900 hrs. Hence, 
about two-thirds the nominal breaking load caused rupture when applied con¬ 
tinuously for about three weeks. H. Shoji found that the relation between the 
time ( and the torsion angle x can be represented by x=clt^, otx=a—h log t when 
a, b, and c are constants. K. L. Meissner discussed this subject. 

When aluminium has been strhined beyond the elastic limit, it suffers plastic 
deformation with any increase of stress—owis copper. A. Motley and G. A. Tomlin¬ 
son showed that the metal recovers from this overstrained state if allowed to rest for 
about 14 days; the recovery is accelerated by raising the temp., but the recovery 
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with the warmed metal is not so complete as the slower recovery at the lower temp. 
The rate of recovery from overstrain is not affected by t ho transverse or longitudinal 
vibrations produced by hammering. A. Elmendorf measured the effect of aUmiaUiitj 
itresses on the tenacity of aluminium which normally had a tensile alrcngth,of 
15,0tX) lbs. per sq. in. If S denotes the fibre stress, 
and n the number of reversals required for rupture, 
then S—Hence, a million reversals 
are required for rupture with a fibre stress of 10,000 
lbs. per sq. in., and ten million reversals for rupture 
with a fibre stress of 7800 lbs. per sq. in. 

According to P. D. Merica, the coWworkimj of 
aluminium increases the tensile strength, and de¬ 
creases the elongation or ductility. Representing 
the amount of cold-work in terms of the reciprocal 
ratio of the thickness of the sheet tested divided by 
the thickness of the original sheet, the percentage 
elongation in 2 ins. ami the tensile strength in 
lbs. per sq. in.xl0“^ are .shown in Fig. 18. 

H. C. H. Car|)euter and L. Taverner examined the 
raleoj annealing oi softening of cold-rolled aluminium 
sheets by annealing at ditfenmt temp., and for different periods of time. The 
impurities in the metal were silicon 0‘75, iron 0 34, and copper 0'03 per cent. 
Selections from the results are shown in Fig.s. 10 and 20. The general conclusions 
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were: (1) The hardnes.^ caused by mechanical work is lost very rapidly upon 
annealing at from 3(10” to 500” C. The same final tensile strength of about 
12,7(XJ lbs. per sq. in. is obtained in all oases. (2) The softening is most marked 
within the first portion of the annealing 
period. (3) No hardening by annealing 
was noticed as in the case of copper and 
brass. (4) Below 300”, the decrease 
in hardness is very slow, but occurs 
within the temp, range of 100° to 200° 
with no increase of ductility. 

A. G. C. Gwyer showed that the 
tensile strength and elongation increase 
rapidly as the grain-size decreases. 

Fig. 21, but with a grain-size finer than 
from 200-300 grains per sq. mm., the 
tensile strength and elongation are almost indifferent to the size of grain. 
The effect of temperMure on the tensile properties of aluminium has been 
•tndied by P. Breuil, R. Baumann, fi. le Chatelier, and G. D. Bengoiigh. The 
resolta by the last-named with 99'56 pet cent, ainminium art shown in Table III 
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Table TTI. - The Efekct 

OF Temperature on 

THE Tensile 

Properties of Aluminium. 

'I'ciiilH'rHfur*- of 

Ti’ti'illf'Hlr<‘ii||(tli In lint, 

|)iT s<|. in. 

lVri<-fifjifi«‘ clotJKatloii I'l-rirnfagc rfMhu'tInii 
ill 2 ins ill uri'H. 

20" 

10.2(«) 

I-' 

75 


• 14,KM) 

If) 

' 78 

27.V^ 

11.110 

■ 17-2 

' 70 

:VMi° 

7,000 

20':i 

88 


:i,soo 

2.'> 

88 

:MMr 

2.l.'>0 

no 

00 



on 

00 

r>2u" 

000 

88-.nj 

To fine.st 


.')40 

70-3 

possible 

Ul(l° 

OUO 1 

7rr0| 

point. 

(;2r)® 

420 ; 

;iuo 

02 


and Kig. 22. Thon* \n a wcll-nuvrki'd cbango iji diroction in the .siress-teni}). curve 
at about 395"', and at a ratlirr lower temp, with the strain-tenip. curve. The metal 

hccotnes plastic just over 6(K)°. 



Flu, 22. 


(i. Fi.^ati an<I oo-workera retire- 
aented the tensile strength of 
aluminium at 6'^ between 0° 
and KK)" by r)()*8-()-()4r>H0 
-- () tK)()3720- kgrm.s. per sq. 
mm., and between l(KV^ and 

2 (Mf' byfil'T —()■ I2fl. Poisson’s 

ratio, that is, tin* ratio of the. 
transverse contraction to the 
longitudinal extension under a 
tensile stre.ss, is (I ,‘159 according 
to C. Schafer, and () 303 accord¬ 
ing t<» F.Cardani. The value 


-I'JtTect 'rtMiijM'ialuro on ttio 'rensit 
Pro|)*Ttu'M <»f Almnitiiuni. 

oLPoisson a ratio was found by N. Kutzeiielaohn to increase Ife? per cent, between 
0 and 1(XV\ /Fhe effect of various metals copjn^r zinc, tin, and iron- on the 
nw'chttnical properties of alumininin has been studied by M. Wahlert. 

T. W. Hichurds' and co-workers found the average compressibility, i.e, the 
fractional cliangt' in vol caused hy one megabar press.between UK) and r>(X) megabars 
press., to be l -lTxh) ** per megabar or 1313x11*“® per at. vol. j>er megabar. 
K. Madelung and R Kuehs gave I'.'iff x tl*“'' megabars per s((. cm. P. W. Bridg¬ 
man a value is I 21'^ Mt"® at 20'“ up to t)5(K* atm. prt'ss.; J. W. Hiichiuian's 
I'ti? X 10 ® at 9' and 25(1 atm.; S. ljussana gave for press, up to 2(HXI atm.: 
u-7' 1»7’ 

t’ompiviwlliility coeff. O SS •, 10-" O-HU n |0 • 


70 

1-03 A 10 « 


ia:i® 

110x10- 


i2r.° 

M«< 10-« 


•mid E. Orilneiseii gave for jtress. between Id and 150 atm. l■.^2xK^® at - 19r ; 
1*48x10^'® at 15*^; and I'80xld~® at 125’. Jv. H. Adams and co-workers gave 
1*39 X Id® per megabar for the eompressihility of aluminium : and they represented 
the change in vol.. per c.c.. produced when the press, changes from pQ to p, by 
f l'32r>xltr"®(p Po)- According to P. W. Bridgman, if v denote 
vol. at 6"^ at atm. press., and the change in vol.. Sr, by application of a press, p 
kgrms. per sq.cm. isSiy r x 10^ at3d° is - 13 4(>p-[-3-5 x rod; for 

aunealeddrawnrodat30‘’,—13’34p-f 3*5xltP^ii^,andat75\ 1391p-f3r>xl0“®;)2; 

andforthecastmetalat30“—13'43p fr) Oxl(t“®p2 _ 13 

P. D, Merica gives 6,000-25,(XX) lbs. per sq. in. for the elastic limit of aluminium 
under press., and 16,000-100,000 lbs. per sq. in. for the ultimate strength ; A. Elmen- 
dorf fouud 67,000 lbs. per sq. in. for the qliimatc strength of cast aluminium. 
P. W. Bridgman fou«d that the linear change, 81, in the length I when the press. 
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is p kgrms. per sq. cm. is 8Jjl (VfKK)(KK)3910/) - 0-(K)(K)056. (’. J. Burton aiul 
W. Marshall oksorvcd a rise of (>181'' on compressing aluminium at .W atm. press., 
tins corresponds to a rise i>f 0-(K)(lt7’ per atm. H. J. Coe fouml the maximum 
load giving critical phisticity to la* ."I'Ci toiih per .Mj. in. for i-ast aluminium ; T’tNi 
to T'lO tons per s<j. in. for extruded and drawn metal; and (i'll to (»•*»() tons per 
sq. in. for the metal annealed at K. M. Dix•studied tin* impact test on 

aluminium. 

According to If. Fizcau,® the coelT. of thermal expansion, a. of aluminium is 
O'OOOO'i.lCi at 40", and O'(M'KX)2.’i30 between (C and 100' ; 1*. (Jlat/.el gave 
a 0'tKKMl2.‘ir>4 ; and F. ('.Calvert and H. .lolmson.a 0'(KKHl‘2‘>Ii^ In-tween t)' and 
KMC. H. li. Dodge found a 0(XMHt2r) for wires with pur rent, of 

aluminium, 0 32 041 per cent, of iron, 0 22 ()‘24 per cent, of silicon, ami ou3 0-07 
per rent, of copper, hard or soft. K. le Clwtelier found 0(XMMt2lO at U3’, and 
()'0(XX)3ir> at (i(XC ; and F. Henning found (HXK)02lil lietween Ki' and 2r)0', and 
(HXXK)27I7 hetween Hr and 500"; and OtKK)<»l835 between 10’ and ■ I1H'\ 
F. .1. Brislee showed that the thermal ex|)an.sion is diUermimsI hy the liistonj of flo' 
n(Wn/,foriffdenotcstheIengthat0 when/(, is the length at 0", f /|,(t | OtHi0024.T2tf) 
for hard-drawn aluminium, and I -/,)(1 | 0'0tMXt2l5|^) for annealed aluminium 
between O'* ami iOO". lienee, the eoeff. of exjian.sion. a t)l)4245t, for annealed 
aluminium is .slightly higher than a- 0 O 42 I 32 , for liard-ilrartiialuniinium. W.Dit- 
tenberger gave for the expansion, hi, of aluminium in nun. per metre, lietween tC 
and 6Ur. 81 O t)235,‘lt)d \ O'OOIHI7O7I0“; and K. Selieel biUween 7H ‘ ami 5(MC, 
8/ ()'O22O0 ) O-OOOO'.»0". The last-naim-d found tlie linear exjtansioii, 8/, of alu¬ 
minium lietweeiiO' and S , in mm. per metre: 

-7s’ O' liiir Jia' -laa’ r.ea' 

8 / . . . \-i:i 0 2:{s till 7<is luuo id-to 

J. Disch ma<le some oh.servations at low temp. \V. 11. Souder and V. llidnert 
found for the coelT. of linear expansion, a: 

- mo' mu '200 200 :io<i' a(Hi'’-4uo' 4 (M)' .mio TjIHi - c-ao- 

a . 0-ooi)u2:t7r) u-uooo2r)7.*) 0 000027 ir» oooooxotio 0 0000:1200 ooooo:u5itr> 

or/ /„{! i (2l'‘.)(l^ f O'(II2(>0-}1(M[. Tiiey gave hetwemi 20"and-ItKC, a OOj'ihd; 
between 3(X)' and (UXC, a and between 2tC and (it^MC. a -t)' 042 lH. 

W. Voigt found for the effect of ft'nipeiafmr, axH)*' 23 (Hi | (I'hUd 30),for 
97 53 })er cent, aluminium containing C33 p<T emit, of iron, 1 0l of silicon, and 0't7 
of carbon. E. Uruncisen. and S. Lussana measured the ctfcct of temji. and pmnurr 
on the cooff. of exfiansion, the former found for atm. [>ress. aX 10^ is OH’49 biTwi'en 
17' and HK)', and 51'0r) between 17' and !‘.X) . the corresponding values for KKX) 
kgrm.s. per sq. cm. press, are ()5 r)l and 55 35 respectively. For atm press. S. Lussaiui 
found ax 10^—fi7‘lI between 27' am!71 , ami ()H'25 between 27 and 12(V'; at HMX) 
atm. 04'7l and (>5'8H respectively, and at 2(HM) atm. pre.ss , 52 58 ami fi3'55 
respectively. For the proportional change of tlie thermal cx)»ansion, a. with 
press., p, i*. W. Bridgman gave - dajailp l'02xl() '' for east alnmniinin, and 
i’76 X l(t"^ for the drawn and annealed metal. 

(lold, silver, and copper arc tiic only metals with a higher thermal COndUCtlTity 
than aluminium. F. C. ('alvert and R. Johnson found that if the condnetivity of 
silver be 100, that of aluminium is 66‘5. L. Dorenz found the thermal conductivity 
of aluminium to be 0'3445 cal. per cm. per see. per d«‘gree at (C, and 0’36I9 cal. at 
HXC, so that if the conductivity of copper be 1(10, that of aluniininin is 47 7 at 0^ 
and 50'0 at KX)'^. A. C. Mitchell’s value, 0-6188 at is too high. W. Jiiger and 
H. Diesselhorst obtained 0-48()3 at 18” and 0 4923 at HX)” with aluminium wire con¬ 
taining O'O per cent, of iron, and 0*4 per cent, of copper. The tmiip. coefT. i.H d 0‘29 
per cent. According to (,'. H. Lees, the variation of the conductivity with temp, 
has a minimum about 125”. 

J8- 0* -1(10'' -150' - IflO* -170* 

C^onductivity 0-604 0-602 0*490 0*492 0*491 (V508 0*614 0*524 



186 


INORGANIC AND THEORETICAL CHEMISTRY 

• 

R. Schott measured the low temp, conductivity of aluminium. S. Konno found that 
the thermal conductivity of aluminium decreases with rise of temp, up to the m.p.; 
there is then an abrupt tlcerease. According to J. W. Richards, the thermal con¬ 
ductivity of annealed aluminium, 38'H7 (silver, 100), is rather greater than that of 
the unannealed metal, 37 il6 (silver, 100). 

The ipedfle heat of aluminium is higher than that of the common metals. This 
might be anticipated from its low at. wt. and Dulong and Petit’s rule. Many values 
have been given lor the sp. ht. of aluminium. H. V. Regnault'''found 0'2056 between 
2.1° and 97°, but his metal contained only 88 35 per cent, of aluminium. H. St. C. De- 
ville said that H. V. Regnault asked for a sample in order to determine its sp. ht., 
but in spite of the warning that the available sample was very impure, H. V. Regnault 
persisted, and H. St. Deville addeil; 

It is a pity tliat 1 gave sueli impure ntaterial to servo for determinations of such splendid . 
precision, and 1 was iHirsuaded to do so only l»y tlio entreaties of M. Regnault, who could not 
wait until 1 had pre(>ared him Isitter material. 

Possibly, II. V. Kegnault had not recognized so clearly as H". St. C. Deville the 
importance of working with purified materials. In another determination with 
97 pet cent, aluminium, he obtained 0'2122 between 14° and 97°. H. Kopp used 
a sanijde with 2 per cent, of iron and obtained 02070 between 20° and 52°. 
J. W. Mallet found the sp. ht. of highly purified aluminium to be 0'2253. The 
temperature coeJieietU of the sp. ht. is higher than that of the common metals. 
H. Tomlinson represented his results for the mean sp. ht. from 0° to 6° with com¬ 
mercial aluminium by 0’2070-|000011,56 ; A. Niccari, by 0-2U6-f0000095076 
from 0° to 300' ; ,f. W. Richards, by ()'2220 (-0'00(X)56 from 0° to 6° up to 6(X)°, 
and 0'2220-( 0'iXK)16 at 6". W. Routschcll represented his results at 6“ between 
-75° and ,500° by 0'20890 -l-0 (XK)lC18(i6 -0 082912466^(10946118263, and his 
ubservatipns show that the sp. ht. of aluminium increases with rise of temp., and 
that the rate of increase decreases to a minimum between 200° and 300°, and there¬ 
after increa.sea. W. A. Tihlen measured the mean sp. ht. of aluminium for ranges of 
temp, between 182° to 435"; and E. H. and E. Griffiths, between —114'3° and 
97'6°. Other observations have been made by C. C. Trowbridge, R. Lacmmel, 
H. C. Schmitz, P. Nordmeyer, E. Griineiseu, H. Schimpf, U. Behn, T. W. Richards 
and^F. 0. Jacksob, J. A. Barker and H. 0. Greenwood, W. Louguinine, and F. Glaser. 
W. "Nernst and co-workers made some observations at temp, down to —253 9°, 
and P. SchUbel up to 601'. The following is a selection from these results for Cp : 

-263'r -IS*;' LU3' -si-.-,' or 1170’ 303’ .',00" 601 

Sp. ht. O-Otw U•0t»n7 (l-ITOU 018117 0'20»(f 0-2248 0-229.'( 0 2363 0-2447 

The first value is due to W. Nernst and B’. Schwers, the second to W. Nernst and 
F. A. Lindemann, those above 97-6° are by P, Schubel, and the remainder by 
E. H. and E. Griffiths. The last-named also estimated values of the atomic heats, 
Cp and over the range - 240 6“ to 107", or ,32-4° K. to 380° K. 


<uc. 


50* 

100* 

lOO' 

aoo* 

250* 

300’ 

340* 

380* 

Cp . 

. 0*26 

0-91 

308 

4-64 

6-14 

6-64 

6-81 

6-98 

613 

c. 

. 


306 

4-66 

6-03 

6-37 

6-67 

6-69 

6*79 


The variation in the at. ht. at low temp, was found by W. Nernst and F. Schwers 
to be in agreement with P. Debye’s formula, C,=8'4P. F. J. Brislee showed that 
the results of many sp. ht. determinations are more or less fortuitous because the 
sp. ht. is determined by the thermal history of the metal; for example, the sp. ht. 
of annealed 99 6 per cent, aluminium is 0 2240 + 0 0004 between 20° and 200°, and 
0-2354 ±0'00033 between 20° and 300°, while the sp. ht. of fresh hard-drawn wire 
is 0-2220 in the range 10° to 100°, and the value decreased after 10 days at 100° to 
0-2150. 

J. Pion^on found that with 991 per cent.^aluminium the thermal capacity, or 
the amount of heat, Q, required to raise a gram of the metal from 0° to 6° is 
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Q-=0-393fl-291-869/(1517-8+e) uj) to 580°; and for the liquid, from 830° to H00“, 
C=0'3088—46'9. The sp. lit. thus rises slowly but with imroasing rapidity from 
0'201 at 0“ to 0 2894 at 550”. The sp. ht. of the molten metal at 850" is 0 3tl8. 
J. W. Richards represented the amount of heat in 99 93 per cent, aluminium at S' 
up to 600° by Q=0'2220d+0(KKXt5fl-: and he estimates the sp. ht. of the solid 
at the m.p. to be 0 285 ; J. Pionchon's value is 0 3(t8. • U. J. .1. le Verrier reported 
that the sp. ht. of commercial aluminium is constant. 0 22 between 0° and 300°; 
constant, 0-30, between 300° and 530°; between 530° and 560°, there is an absorption 
of about 10 cals.; and between 540° and 600°, the sp. ht. is again constant 0'4G. No 
other observer has been able to verify U. J. J. le Verrier’s remarkable statements. 
It is, however, to be noted that at about 6(X)° aluminium begins to soften, and some 
latent heat is ab.sorbed before the true m.p. 

P. N. Ijischtschcnko found that with aluminium 
containing 0 31 per cent, of silicon, and O fiS per 
cent, of iron, but no copper or lead, the curve 
connecting the temp, with the amount of heat 
required to raise the teiuj). of 1 grm. of metal 
from any given temp., is continuous up to 580°, 
and is slightly convex towards the temp, axis. 

Fig. 23; between 580° and 590° there is a 
marked change in the direction of the curve 
corresponding with the pasty comlition of tin* 
metal; and at 650°-670°. there, is a sudden 
increase in the amount of heat, owing to the 
fusion of the metal. The high sp. ht. of alu¬ 
minium, coupled with a large heat of fusion, 
causes the metal to melt very slowly even in 
a hot fire; and conversely on cooling. R. Ariano 
studied the heating and cooling curves of the metal. J. W. Richards showed 
that the-amounts of heat required to raise a gram of a number of metals to the 
m.p. and then to melt them, are: 

Al Ki* Cn Ft As .III 

Thermal capacity . 2.'»8'3 250'0 162 0 102*4 H5'0 ^ 08*0 cals. 

G. N. Lewis and co-workers,and E. D. Eastman gave 6*82 for the entiopyof aluminium 
at 25° and atm. press. W. M. Latimer discussed the entropy changes in the metal 
electrons. 

Aluminium fuses at a relatively low temp.; H. St. ( 1 . Devillc n said that the 
melting point lies above that of zinc, and below that of silver, but is nearer to that of 
zinc than to that of silver. R. Pictet gave 60(1' lor the m.p.; F. Heeren, and T. Car- 
nelley, 700° for aluminium with 4-5 per cent, of iron ; P. II. van der Weyde, 850°. 

H. Rose said that pure aluminium is more fusible than the impure metal, but 
J. W. Mallet said that the converse is true, and 11. le Chatelier has shown that a 
very small proportion of iron or silicon lowers the m.p.— e,g. aluminium with 0*7ij, 
per cent, and 1*50 per cent, of silicon melts at 619°; but a large proportion of these 
impurities acts in the opposite direction. Outside the early difficulties in measuring 
what are now known as pyrometric temperatures, there are difficulties, as P. Rohland 
showed, arising from the presence of impurities, and from the masking of the true 
m.p. by the prior pasty condition; and, as C. Matignon, and W. von Bolton showed, 
a protective film of oxide may be formed which permits aluminium wire to be heated 
above its m.p. without losing its shape. C. T. Heycock and F. H. Neville gave 
654*64°; 8. W. Holman, R. R. Lawrence, and L. Barr, 660°; H. L. Callendar, 
654*5; W. R. Mott, 657*3°; H. Gautier, 660°; L. Holborn and A. L. Day, 657*3“; 
A. L. Day and R. B. Sosman, 657°; C. W. Waidner and G. K. Burgess, 658°; 
A. L. Day, R. B. Sosman, and E. T. Alien, 658*0° ±0*6°; G. K. Burgess, 658° ±1. 
The beet representative value is 668*V° as given by L. I. Dana and P. D. Foote ; 
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W.Gucrtlcr and M. I’iranigaveand F. Wiist and co-workprs,657°. W. Spring 
reported tliat aluiniiiiuiii powikr flows to a solid mass at onlitiary temp, under a 
))re8s. of .W tons per srp in. If the li((nid phase can e.seape, the in.p. of all metals 
are lowered hy pre.ss. ,f. .lohnston calculated that the jiress. necessary to melt 
aluminium at 27" is .riKKI atm. It. C. Smith observed signs of sintering with 
aluminium filings at 2IX> . • 

II. Sf. ('. Deville said that aluminium is non-volatile; it loses no weight when 
violently heated in a carbon crucible in a forge furnace. The volatilization of alu¬ 
minium was noted with the ititroduetion of ehs’tric furnaces. H. Moissan volatilized 
the metal in such a furnace, anil he noted that if the va|)our above the crucible be con¬ 
densed on a copper tube through which cold water is |)a8sing, small spherules of the 
metal are oblaitieil. H. (, (freenwood .said that the boiling point of the metal at 
atm. press, is alnjiit IHIKI'; VV. K. Mott also gave IHtX)’; and H. von Wartenherg, 
below 221X1'. W. (1. Dultield estimated the rate of evolution of molecules from the 
boiling liquid. .1. VV. Richards i‘stiniated the vapour pressure of solid aluminium at 
fCto be l ll,< III l•l|nm.,and at theiu.ii,,.')'2rix lir“tmm.,or logp -Ulitti/r-pH-hS; 
and the vap. pre.ss. of the liquid at T " K. is log ji -l.Ofi.bO/TiH't. The latent heat 
ol fusion of aliiniiniiini is very near that of ice. .1. Hionchon found 78’!) cats, per 
gram, and I’. N. Lasehtsehenko, 71 cals, per gram. F. Wiist and co-workers gave 
cals, per gram. .f. VV. Richards estimated the latent heat o! vaporization 
to be 2III7 2;il).‘) cals |)er kgrni. R. Fold and F. Fring.shi *iin nuul(^ mirrors of 
aluminium hy condonHinj' tin* vapour on a ijuart/. piato. 

The refractive index, p; the index of absorption, 1, sueli that the amiditmle of 
a wave after travelling one wave-length, A, measured in the metal, is reduced in 
the ratio I :c or for a distance »S in tin- ratio 1 ; ; and the ]iercentagc 

reflecting power, li, of alumitiium havi- heen measured hv (!. (Quincke.’-t 'I’he values 
lieaded with an asterisk are hy F. Drude : 
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J. Sehumann ami i,. Maeli studied Itic reflection of light of wave-length 18,50-2800 
on alloys of mugiicsium and aluminium ; I. f, (iardiicr found aluminium reflects 
very poorly in tlieyehumauii region. H. O llulbert al.so made okservatioiis on 
this siihjeet, M. Fiiriiilav foiiiiil that a. lilm ol aluminium ill polarized light de¬ 
polarized the ray, and brought m a red image whioh was reduced to a miniimun by 
the rotation of the analyzer ami then eonverted to a hliie. K. Frocopiu studied 
the optiVal effects of ulumiiimm powder suspended in toluene. .1. H. Gladstone 
gave !)-7 for tlie atomic refraction equivalent of aluminium with the H„-liue. 
W. J. Fope gave H ill for the at. refraction with the D-liiie. 

According to VV. If. Bragg.'s the stopping power of aluminium for the a-rays 
IS lA.IIair unity). H. R. von Trauheiiherg gave tOtixItrteins. for the range of the 
a-rays from radimii-F in aluminium, E. Rutherford and ,1. t'hadwiek obtained 
evidence of the emission of long-range particles possibly hydrogen—when a-rays 
pass through aluminium. J. A. ('rowthcr gave,5-2(1 fortheratioofthecoeff.of absorp¬ 
tion of ^-rays and the density of the metal; and VV. ,1. Russell and F. Soddy gave 
0-111 per cm. for t he coeff. of absorption of t he y^rays from radium : (I-1,50 per cm. for 
the uranium rays ; 0-0!)2 per cm, for thorium rays; and 0119 for the mesothorium 
rays. J, Neukirchen gave 0-0872+ ()-(X)l I for the scattering eoeff. of aluminium 
for the y-rays from radium-C. R. VVhiddington, K. W. F. Kohlrau.soh, F. K. Richt- 
myer, W. Uuane and j^. 0. Maziimder, F. A. lioss, C. G. Barkla and 0. A. Sadler^ 
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C. W. Hewlett, A. R. ami W. Duane, E. jff. Kurth, and H. (J. d. Moseley simlied 
the action of X*r 8 y 8 on aluminium, and the excitation of these rays by aluminium. 
The X-ray spectrum has been studied by E. H. Kurth, H. Kulenkampfi, H. Boldin. 
A. H. Compton, F. Horton and co-w'orkera, etc. The A-series was measured by 
E. Hjalmar, and H. Fncke, who found, in Ani^strdm units, or 10 cm. units, 
a^a'and a|a—; 03 -H' 2 (>BiO ; -MS'2ri30<t; tt,,.-.8-2l>o80 ; a«-8*18920; 

j3' -8*025; pij3 -7*94051: W. Duane and K. Ma/.umder. E. Rutherford, 
M. Ishino, S. J. Allen and L. M. Alexander, and A. \V. Hull and M. Rice, measured 
the absorption of X-rays. J. A. Becker studh*d the effeet of a jna;;ne{ic lieid on 
the absorption of X-rays; R. Whiddington, the veloeity of the electrons liberated 
by the action of X-rays; and F. K. Richtmyor, the absorption of X-rays by 
aluminium. The last-named found /a,D 5*32, and -1*37 ; (’. W. Hewlett, 
/i/D-^5'17,aud ;i-~2*30; and t\ E. Taylor, fijl) '-5*15, and ^ -,2'29. F. K. Riclit- 
luyer found a discontinui\y in the X-ray spectrum for very short wave-lengths, 
and inferred the existence of characteristic J-rjnlintions. J. ('. MeI.ennun and 
M. L. Clark gave 123*3 fur the critical voltage for the l^-series of X-rays from 
aluminium. H. Schearer sought a relation InOween the at. number, ami the numher 
of electrons emitt<‘(l l)y metals exposed to tlie X-rays. 

V. C. (iyllonskold, J. Stark and U. von Wendt, H. Smith, and K. Beckmann 
and H. Linder studied the »*fTect of the canal rays. K. A. Bichat found that tlio 
n-rays are not absorbed by alummimu. In the cleetnilysis of soln. of snljihuric 
acid, hydrochloric acid, alkali hy<lroxidcs oinl clilorides, alum, etc., with an alter¬ 
nating current, ami aluminium ch'ctrodcs, u luminescence appears at the eleetr«)dcs. 
With a current density of ()*(H1 amp. per s<p cm., tlie light is sulhcicnt to enalile 
jirint to be read. The light increases witli increasing current density, hut is 
diminislied with a rising temp. With a dired. current, the amale alone is 
luminc.scent. The plicnomcnon has been studied i»y F. Braun, W. von Bolton, 
H. N. Morse, K. Kiclhauscr, F. KichlaTg and L. Kalicr, W. Mitkewitsch. E. Kut- 
sinikolT, and T. TommaMiia. Tlic photoelectric effect has been studied by 
W. Ramsay ami .1 K. Spencer, B. Aulcnkanij), K Herrmann, R, A. Millikan ami 
H. Winchester, D. W. Uichanlson and K. T, Compton, A. I>. Hughes, G. Reboul, 
T. C, Sutton, A. E. Hennings and W. Kadesch, J. R. Nielsen. R. Pohl Mid 
P. Pniigsheim, ami by O von Baeyer ami co-workers. W. Frese bmnd the pholu- 
eleotric sensitiveness to lie greatly reduced after treatment with water or alcohol. 
R. HamcrfoundthebmitingfrcijuencyofthephotoclectricellecttobeA 3590 + 1 (K), 
M. Hake fouml that colloidal particles of aluminium may become negatively 
charged liy exposure to ultra-violet light; with aluminium vn masse the charge is 
jiositive. L. Clemamlot studied the phosphorescence of alumina. A. Nodon 
.showed that an aluminium plate is opaijiie to ultra-violet solar radiations under 
conditions where a lead plate is permeable. 

Aluminium compounds do not impart any colour to the non-luininous ga.s flame. 
\V. N. Hartley ami H. Ramage^^ have studied tlie spectrum produce<l by the oxy- 
hydrogeii flame. A. Mas.son first made some ob.servations on tlie spark spectrum 
of aluminium. More accurate observations on the spark sjK*ctrum have been niaifff 
by (f. KirchholT, J. M. Eder, R, (irlinter, R. Cupron, W. A. Miller, R. Thalen, 
J. N. Lockyer, L. do Boisbaudran, A. S. King, J. Parry ami A. E. Tucker, R. 8 eeliger 
and D. Thaer, G. D. Schallonberger, W. Bpottiswoode, J. Dewar, W. N. Hartley, 
E. Fuca, B. Hasaelberg, F. McUlean. J. M. Eder, E. Valenta, E. Deniaryay, F. Exner, 

E. HaschekjG. A. Hemsalech, T. Tomraasina, H. Konen, .1. H. Follok, A. G. G. Leonard, 
8 . R. Milner, Y, Paschen, etc. The most important lines in the visible spectrum are 
the yellowish-green lines at 572*3 and 569*6, the green line at 505*7, and the blue line 
at 466*2, Fig. 24. Many other lines are indicated in the Tables of wavr-lengths. 

F. Brasack has stated that the jiresence of 0*00(Xl4 mgrm. of aiuminiuin can be 
detected by the spark spectrum. The subject has also been studied by A. dc Gra- 
mont. R. Bunsen thought that aluminium chloride gives no characteristic hues either 
in the flame or when sparked. An intense electric sparking is needed detect 
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small quantities. The arc spectrum of aluminium has been investigated by H. Kayser 
and C. Rungo, W. Huppers, C. Ramsaur and P. Wolf, S. Procopiu, R. Griinter, 
L. Arons, 0. H. Basquin, H. Crew and J. Spence, R. SeeligCr and D. Thaer, J. C. Mc¬ 
Lennan and co-workers, etc. In the arc spectrum there is a number of character¬ 



istic bands wliich, as M. Giiioliard and I’. R. Jourdain showed, disappear if the arc 
bo surrounded by hydrogen. The band spectrum has been studied by A. de Gramont, 
R. Thalen, L. de Boisbaudran, A. J. Angstrom, C. Ciaraician, G. A. Hemsalech, 
0. Bcrndt, J. Lauwartz, and H. Morris-Airey. L. C. Glaser found the structure of 
the band spectra of beryllium and aluminium to be similar. The bands in the ultra¬ 
violet spectrum arc extremely characteri.stie, and they have been investigated by 
(}. G. Stoke.s, W. H. Fulweiler and J. Barnes, A. Hornli, R. A. Millikan, 
,1. L. Sehdnn, A. Cornu, 0.1). Liveing, ,J. Dewar, H. Deslandres, J. S. Ames, C.Rungc, 
,1. M. Eder, V. Schumann, and (!. Bcrndt. The arc or spark discharge of aluminium 
under water givc's an almost continuous spectrum, and W. Kasperowicz used it as 
a source of ultra-violet rays. The ultra-red reflection spectrum has been investi¬ 
gated by H. Becquerel, F. M. Walters, W. W. Coblentz, and F. I’aschen. The 
percentage reflecting power of sheet aluminium for different wave-lengths is: 

A . . . I'Ue sou 5'2t 8 02 IO-4'J 12-03ii 

llofleeting |«iwer 7:1-8 88-3 03-8 OB'S (W'O 97-3 per cent. 

The enhanced lines have been stmlied by J. N. Loekyer, and J. Steiidiausen ; the 
reversed spectrum, by A. Cornu, (1. D. Liveing, and J. Dewar; the causes of the 
wrinbililjj nf Ihe^ .ipiririim, by A. S. King ; the influence ofihe inedlutn, by H. Finger; 
the r#ec< o/ lenipirnliirr, by A. Wullner; the effect of pressure, by A. WUllner, and 
W. J. Humphreys ; V. (!. Gyllenskold, and J. Stark and R. Kiinzer, the canal ray 
spectrum ; and the Zeeman effect, by H. M. Reese. 

The absorption spectrum of aluminium vapour has been investigated by 
J, N. Loekyer and W. C. Roberta-Austen, W. Grotrian, and J. C. McLennan and 



Km. 26.—Absorption S|iectrum of Alkanua end Alunnniuni Chloride. 


co-workers; and of aluminium compounds in soln., by H. W. Vogel. The salt soln. 
of this element are colourless. H. W. Vogel showed that the absorption spectra of 
compounds of aluminium with some colouring agents is the best mode of applying 
the spectroscope to the detection of aluminium; a soln. of hsematoxyline was found 
to be very suitable for the purpose; and J. Formanek said that tincture of alkaima 
is better. If a little aluminium salt be added to a soln. of alkanna when the 
reaction is completed, there is a prominent band at 685-7 and auxiliary bands at 
642-5 and,604-8, as shown in Fig. 25. 

Thg MriM ipectri of aluminium have Seen studied by A. Cornu, E. Fues, 
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F. P»achen, 6. D. Shallenberger, and H. Kayser W C. Ruuge. TUo last-named 
represented the two subordinate series of pairs of lines by the formulas: 


First SkeIes. 

10*A-‘=48308-2-166662iir‘- 250i«31m-* lO*A-‘ 

I0*A-‘ = 48420'2-16«662»i-'- 2505331i)r< 10*A-‘ 


Hecund Series. 

=48244-8-127627i»-*- 08781»in-* 
=48356 8-127S27m-*-687819m-< 



The relations of these subordinate pairs of lines with gallium, indium, and thallium 
are illustrated by Fig. 25. The spectroscopic method of (.'. Rungo and J. Precht for 
estimating the at. wt. by plotting logarithms of 
at. wt. with logarithms of the distances of two lines 
■—doublet separation—of the series spectra of related 
elements, and finding what at. wt. for a particular 
member of the family of elements lies on a straight 
line, was shown by W. M. Watts to agree with the 
aluminium family of elements. The method is illus¬ 
trated by Fig. 26. L. C. tllaser discussed the relation¬ 
ship between the spectra of beryllium and of alu¬ 
minium. F. L. .Mohler and A. E. Ruark found the 
tesoiumce potential of aluminium vapour to be 
0’0I4 for 2p.2-2pi; .3-129 for 2}i.>—'2a; and f-IXM 
for 2 p 2 -.'Wi, o; and for the ioniMtion potentials. 

2Pe= 5'960; and 2pi=.5-946. J. E. P. Wagstaif 
gave y=7’.5xlt»'2 for the vibration bequency. 

J. M. Eller studied the actinic value of the light 
from burning aluminium. 

C. UavisBon and 0. H. Kunsman studied the scattering ol electrons by alu¬ 
minium. 0. Edelmann found that for low voltages a layer of aluminium |)owder 
8 mm. thick is practically a non-conductor; at 360 volts and upwards it conducts ; 
and for the high voltages of frictional electricity, it may be regarded as a gooil 
conductor. R. D. Klceman and W. Fredrickson found that if an electric current 
be passed through water in which aluminium and carbon arc immersed, the 
aluminium acquires a negative charge. 

A. T. Thomson, Lord Kelvin (W. Thomson), and H. St. Dcvillc early n6led 
that the electrical conductivity of aluminium is high. If the conductivity of copper 
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Flo. 27.—Series Spectra of Aluminium, Indium, and Thallium. 


be 100, J. 0. Poggendoril said that the conductivity of aluminium is 51-3 ; and 'f 
that of silver be 100, A. Mattbiessen said that the conductivity of aluminium is 33'76. 
Measurements were also made by H. Buff, M. Weber, 0. K, McGee, L. Lorens, 
A. Emo, L. Weiler, A. Stein, J. B. C. Kershaw, A, Arndtsen, W. .lager and H. Dies- 
selhorst, A. Schulse, etc. The earlier determinations are mainly of historical interest. 
The deviations in the determinations by different observers arc largely due to 
(i) Variations in the purity of the metal used. Only in 1889 was metal of 99 per 
cent, purity in commerce, (ii) References to copper or silver as standards require 
a knowledge of the degree of purity, and the history of these metals. Errors also 
arise from the lack of accurate standards of resistance as well as imperfect methods 
of m^urement. The general result shows that the electrical conductivity of 
aluminium is 60 3 per cent, of that of annealed copper. A. Sturm found the con¬ 
ductivity at 0° to be 36’6 x 10* tec. ohms. Working with highly purified aluminium, 
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0. Niccolai fouiiil that the coiiiluctivity of aluminium, over a wide range of tmfe- 
rature, in recijirocal ohms, when that of mercnry at 0° is 1'063x10*, is 

-I8»' -UlO' O' wo' too’ 

Coudiielivity . 150 /10* (i5'2 X10* 38'2 X10* 25'»xl0* 12-5 X10* 

.1. Dewar anil J. A. Kh'iiiing’gave for 99 per cent, commercial aluminium : 

-lull' -7K' 0' 5>2 2' lOlV 

(.'ondmtivity . 1780/10’ r>8-7xl()‘ IIOO/IO’ 28-3x10’ 21-U/lO’ 

J. W. Ilichards and J. A. Thomson found tliat annealed aluminium wire has a con¬ 
ductivity very jiearly one per cent, greater than unannealed wire. E. F. Northrup 
measured the electrical resistance of 99*(i7 per cent, aluminium containing 016 per 
cent, silicon, 015 per cent, iron, and 0'02 per cent, of copper; and annealed by 
heating to redness, and cooling in air; and found 2‘75 microhms per c.e. at 20*", and 
this increased linearly with temp, to 3'tl() microhms at A. Somerville gave for 

the temp, eoell. of the re.sistance of aluminium wire between 18'’ and 1(H)'’, 0'(K)38 ; 
and at 25", ; at 50". 0-00337 ; at KHr, 0 (K)340; at 500", 0'00350; and at 

fi(M)'‘j O-WbO; b. Jlolburn gave O'OO-l-lf) between O'’ and 1(X)'\ L. Cailletet and 
E. Ilouty gave 0-()0.'JHH between -Dl’’ and 28"; J. Dewar and J. A. Fleming, 0'003y0 
between 100' and O’; and 000423 between 0" and 100". H. Benoit gave 
H I O-OO3H760 l-0'05l320fl-). For temp, in the vicinity of atm., the best 
representative value, is 0-<H)3'.). J. W. Richards and.l. A. Thomson found the best 
representative values of the resistances of hard ami soft aluminium to,he 2684 and 
2659 pere.e. ill (Mi.S. units utO'. W. Broniewskygave/^--40'1 x 10-(1 00'(M)425^) 
for the resistance of hanl aluminium at 0" between 0" and ItH)’; and/i—-38'5 
X lO'-^l )'O‘OO41O0) for that of the soft metal. 11. Tsut-sumi found for the ratio of 
the conductivity of aluminium in the liipiid and in the solid states at its m.p. 
to he I 61. 

I*. VV. Britlgmaii meusure<l the efb'ct of pressure, expressed in kgrms. jier sq. cm., 
on the eh‘etrieal resistance of 99-17 per cent, aluminium containing 0 23 jier cent, of 
iron, 0-21 per cent, of silicon, and 0 06 per cent, of copper. The wire was annealed 
at 120". Tlie initial resistanee was 18'7 ohms at O'", and the temp, coclf. 0-(!0434. 

* II 2.’.' .'.(I 7.V 

n ... . I IMMIO t t077 !-2l.'i9 1:124.*) I-4:i;i7 

jOkunn. . 0-0^4M) --00;4t() --U-0.4()r> 0-0^401 0-(V197 

Press, coort.'!2.0tM)kgnnH. O-OjIW? - 0-(VUl» 0-0>'>! - tl-tlyl*)4 -0-n.35ll 

luvoiHKD ‘ 0-U.,38ir) 0-lV17l)4 -00i378l ■ 0-043772 -OO^ITOe 

Tlie mean press, eoidf. is -O-O^llO at O’. \\. E. Williams obtaincil O-O 537 . 

W. Fraenkel and K SeheiuT stmlied the (‘ifeet of ageing on the properties of alu¬ 
minium alloys. L. Duillet found the electrical resistance of commercial aluminium 
to be 2'8 micro-ohms per cm. cube, and wit h less pure metal, the resistance increases. 
Mtxdiauical treatment ineieased the resistunce slightly : and in tempering, the more 
•rapid the (juenehing the higher tin* rt'skstanee. A. 1’. Waterman applied the electronic 
theory of conduction to aluminium. 

Many reports p* have been ma<ie on tin* uses of aluminium based on its relatively 
high electrical conductivity. A. L. Williams found that, unlike copper, aluminium 
does not fuse with mica to form a conducting mixture. 0. Jaamaa and Y. E. G. Lein- 
berg measured the resistance of powdered aliuninium mixed with marble. 

The electrode potential of aluminium has proved very difficult to measure 
accurately. In alkaline aoln. commercial aluminium precipitates zinc, but not in 
neutral or acid soln.; amalgamated aluminium, however, does precipitate zinc from 
neutral soln., it vigorously deoomiKwes water, rapidly oxidizes in air, and generally 
exhibita characters which place it in the electrochemical series directly after mag¬ 
nesium and the metals of the alkaline earths. This is taken to mean that commercial 
aluminium is in a passive state, otherwise expressed, it is more noble, and less active 
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:han the amalgamated metal. lu attempting to measure the electrode potential, 
8. Neumannobtained the best results with plates of aluminium cleaned with 
ilkali-lye, and then tubbed while hot with mercury. No amalgam is formed, but 
;he mercury mechanically held by the plates helps depolarization. With the cells 
A1 I Al 2 (S 04 ) 3 , A1 I AlClj, and A1 | AlfNOslj against KOI—Hg he found that the 
electrode potential of aluminium against the normal sulphate is +1 040 volts, the 
normal chloride +1015 volts, and the normal nitrate +0 0775 volt. 0. R. A. Wright 
and C. Thompson made some observations with aluminium against co)ii>er in a soln. 
of the sulphate : aluminium against cadmium in soln. of the chloride and bromide ; 
and aluminium against zinc in soln. of the sulphate, chloride, and bromide. As 
a result, N. T. M. Wilsmorc provisionally set up the electrochemical series of electro¬ 
lytic potentials: 

K N» B« Sr Ms ,VI Mil Zn ... 

+3-20 +2-92 +2’82 -|-2'77 +2'5« -|-2-r.4-l-4» +1 276 t-l(l7,6 +0-770... 

R. Muller and F. Holzl studied the potential of ahiminium and ainalgainated 
aluminium in solo, of aluminium chloride, potassium chloride, hydrmddoric acid, 
and soilium hydro.vide. In 6'8N-Ht'l, aluminium is more clec(ro|io8itive than the 
amalgam. The anomalous behaviour under some conditions is attributed tp a 
coating of oxide. F. H. Jeffrey studied the electrolyses of soln. of sodium nitrite, 
and of potassium oxalate with aluminium electrodes. F. Streiutz and F. Fiala 
studied the polarity of the aluminium cell. N. R. Dliar measured tlii' difference of 
potential of aluminium against soln. of potassium chloride, and found O t)3 volt 
for the potential against water. (,'. M. van Deventer and II. van l.ummel found that 
experiments on amalgamated aluminium also agree with this position tor aluminium 
to the left of zinc. The inactivity of ordinary aluminium in a zinc | acid | aluminium 
cell is caused by a coating of aluminium oxide which with amalgamated aluminium 
is much less stable. The fact that this coating is a leaking insulator explains the 
abnormal electrical behaviour of ordinary aluminium. F. Streintz placcil the 
elements in the order Mg, Zn, AI, Cd, Fe, Sn, Hi, t'o, Sb, Cii, Ni, Tig, Ft, and An. 
(I. F. Burgessand (1. HambUchen found the pot entials in volts of.aluminium electrodes 
indicated in Table IV' against a normal calomel electrode. They also tried mixtures 
of ammonium chloride with ammonium fluorides and with potassium fluoriife. 
They infer that of these combinations aluminium fluoride is the best salt to use in 
connection with aluminium for battery purposes. * 

Tabi.k IV. PoTKNTiAr.s OF Atu.viiNiuM Kusctrooks IS Aqukous SoinTioNB (Volts) 


Tlints in lionrfl. 


Solutions. 


V-KCl . 

Aid. (comm.) dil. | 
AlC3,(pure)dU.. I 
N-HCl . 
A’-H,SO, 

N-HNO, . 


N-NaOH 
O-lA.NaOH 
N-HF . 


W-NH,C1 
N-NH.F . 
N-KF . 
O-IW-KF . 


00 

0-5 

0-370 

0-226 

0-382 ! 

0-220 

0-361 ( 

0-206 

0-406 i 

-0-062 

0-400 

0-139 

0-220 

0-040 

M20 ; 

0-964 

1-147 i 

0-913 

0-430 ( 

0-397 

0-367 

0-274 

0-926 

0-695 

0-010 1 

-0-063 

0-223 : 

0-446 


50 

21 A 

0-226 

0-220 

0-220 

0-211 

0-211 

0-109 

0-211 

0-2.50 

0-161 

0-169 

0-040 

-0-023 

0-8S9 

0-790 

0-826 

0-220 

0-238 

0-229 

0-680 

0-236 

0-656 

0-217 

-0023 1 

-0-068 

0-662 

-0-026 


77» 

j 

0-232 

1 0-260 

0-220 

! 0-220 

0-214 

0-217 

0-232 

i 0-232 

0130 

0-130 

' 0 032 1 

1 -0-017 

0-926 1 

1 1-000 

0-820 i 

0-874 

0-370 ' 

0-289 

0-260 ! 

0-310 

0-400 1 

0-464 

-0-026 1 

- 0-063 

0 -100 . 

0-040 


According to E. Heyn, hardened aluminium is electropositive to the soft or 
annealed metal by about 0’03 volt in ofdinary tap-water. H. Buff tried aluminium 
voi. V. , * o 
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in Bun»en’« cell; J. R.‘gnauld. in the ^n , ZnSO, Alf O,), | A1; F 
Htmlied the eells 7m | Zn(NO;,)i, AKNOjls , Al, and Zn | /nUa, AIOI 3 | A1 F. Exncr 
measured the potential difference with aluminium and soln. of the halogen, and 
thc! halide acids. K. Wohler .studied the cell Al | cone. HNO 3 , dll. NaOH . Al, and 
All cone IINO.|, dil. MCI | Al; and V. Kistyakowsky measured the electrode potential 
of the cell Al j N-Al ions W-H ions | Hj on platinum. F. Wohler and H. Buff 
stinlieil aluminium anode.s in a soln. of sodium, ammonium, ferrous, or manganous 
chloride; the hydrogen is eontaminated with spontaneously inflammable silicon 
hydride.’ V. Neyreneuf olilained a similar result on both aluminium electrodes by 
ifting an alternating current for the clintrolysis. W.Beetz investigated the aluminium 
anode in dil. sulphuric acid Zn | ZnSOj, ILSOi | Al; and A. Coehn, in soln. of 
aluminium sulphate. H. T. Barnes and co-workers studied the behaviour of 
aluminium electrodes in water containing dissolved air, oxygen or hydrogen peroxide, 
and the abnormally high e.m.f. was connected with the presence of free oxygen in 
the water. The combination Mg | AL(S 04)3 | Al gave a considerable current whicTi 
rose to about 2 volts if hydrogen peroxide was added. 

If. Bull, and C. Wheatstone noted t hat aluminium as anode in nitric'acid or other 
oxidizing soln. becomes passive and electronegative. According to E. Newberry, 
alulniniuin in alkiili lye becomes passive with a current density of (XX) milliamphrcs 
per si|. cm., giving an anodic overvoltage of tf'.),') volt. When the current density 
is reduced to tlX) milliamjicres per sij. cm. the overvoltage falls to O'Ol volt. 
Below this, the metal dia.solvcs slowly. It cannot be passivated in sulphuiii^ acid. 
A very thin, brass-coloured lilm forms on the surface of the passive metal and 
prevents the current density from rising above (XX) ndlliamjieres per sq. cm. with 
an applieil eler-tromotive. form^ of K'2 volts. The polarization of thc aluminium 
eleetriah- has been studnsl by H. Bull, who attributed it to the. formation of a 
layer of silir-on owing to the use of impure aluminium ; and W. Beetz, to a layer 
of suho.xide. I’, tl. Tail, and K. I’lrani measured the e.m.f. of the polarization. 
The attention of H. Ducretel, ('. 1‘ollak, flraetz, P. Askenasy, F. Kohlrausch, 
A. Overbeck. A. M. Keolt. K. Streintz, A. Naecari, P. Straneo, A. Isenburg, 
K. E. Gut he, (1. (h Sehmiilt, and A. Bartorelli has also been attraeted to this subject. 


When an aluminium anode is u.si'd m passing a current through an aq. soln, ami the 
press, does mit luxceed 20 volts, the current fcjjui.-.u’tr**”*" Zero, jrrobably owing to 
the formal ion of a layer of alummnmj.layf(tfixme. A. Smits and co-workers explain 
thc strong positive characti'r of the metal by assuming that primarily the, metal 
surface becomi's poor in ions and electrons, i.c. the metal at its surface passes into 
a metalloiilal state and then has a low ider-trical conductivity. The oxygen separa¬ 
tion and subsequent oxide formation are then secondary phenomena. They say that 
the commercial metal is not coated wit h a tilm of oxide, and that anodically polarized 
aluminium has no primary oxide layer. .V. Ounther-Sehulze claims that this is 
opposed to known facts. R. Muller ami F. Ilblzl have investigated this subject. 
U. Sborgi and P. Marehetti studied the anodie behaviour of aluminium in a sat. 
srdn. of lithium chloride in acetone. If a gradually increasing e.m.f. be used, 
F. Fischer showed I hat when the voltage attains a certain critical value, the coating 
on the anode is suddenly pulverized, and the current suddenly increases to 50 times 
its initial value. The critical voltage deiiends on the temp, and nature of the electro¬ 
lyte ; if a hollow anode be cooled internally the non-conducting layer wdl withstand 
220 volts, when under ordinary eircumstauces 20 volts suffice to break it down. 


E. Lecher found that when the film is formed, the wire is heated, the film is a poor 
thermal conductor, and its temp, is raised until the soln. in the vicinity of the anode 
boils. K. Norden analyzed the filpi obtained when dil. sulphuric acid is the electro¬ 
lyte and found 69’8 per cent, of alumina, 13'2 per cent, of sulphur trioxide, 14'8 per 
cent, of water, a few small particles of aluminium, and 2'2 per cent, of silica. The 


silica is probably derived from the oxidation of the silicon in thc aluminium. A 
mixture.of a basic sulphate and aluminium I^rdroxide, AljOfSO^jj.HjO-t-lOAlfOHjs, 
with 9'25 pet cent, of aluminium would have the same composition as the analysis. 
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W’. W, Taylor and J. K. H. Inglis found that if a dil. sulphuric acid cell, in which 
^he resistant film has been formo<i, be treated with potassium chloride, bromhle, 
[titrate, chlorate, or thiocyanate, i here is a ready passage of t ho current; potassium 
icetate does not act. They assume that the film of aluminium hydroxide which is 
formed is impermeable to Al '-ions and S() 4 "-ions. They measuml the rates of 
diffusion of these salts in aluminium hydroxide films, ami also the effect of these 
salts on the rate of soln, of the hydroxide in sulphiirie acid. INitassium bromide 
has very little influence on the solubility. A. Heydweiller gave 40 for the speed of 
migration of aluminium ions, and W. Ostwald gave 31t2 (’als. per valence for tlie 
heat ol ionization of aluminium. 

A. Giinthcr-Schulzc found that with two uniform aluminium electrodes the 
electrolysis of a soln. of sodium metapliosphati* by an alt(*rnatmg current of 50 cycles 
furnishes oxygen and hydrogen as though each jihase were present alone. No 
appreciable depolarization of the products of one phase is brought about by tlioso 
of the next phase. R. 1). Kleeman and W. Fredrickson studied lh(‘ clei tric charge 
assumed by an aluminium wire immersed in u liijuid. If a cell bo constructed 
with a platinum and an aluminium electrode, with a sulphate, phosphate, or 
olcate as electrolyte, then during electrolysis witli an alternating mirrmit, the 
current only passes in one direction when tin* aluminium is the cathode. *The 
polarization when aluminium is the anode prevents the current passing. 
Hence, it is possibh* to utilize the {ihenomenon in obtaining a direct from an 
alternating current. The aluminium rectifier, or the electrolytic valve action of 
aluminium has been studied by S. R. f-harters, A. Gunthcr-Schulze and co-workers, 
G. K. Buirstow and K. Mercer, E. Wilson, A. Smits, etc. For the liimineHcence 
of the anode during electrolysis with an aluminium anoile. vide supru. K. Fischer 
an<l 0. Hiihnel, and V. Kohlschiitter and co-worker.'^ examined the disintegration 
of aluminium eh'Ctroiles in tlie vacuum tube containing different gases. 8. Kyro- 
poulos studied the electrodepositioii of copper, silver, chromium, and nickel on 
aluminium. 

Tlie values of the thermoelectric force, of the alumininm-phifinum couple, 
determined by W. Jiiger and H. Diessedhorst,!® J. Dewar and J. A. Fleming, K. Noll, 
\V. H. Steele, and K. Wagner, range from f-O'ST to millivolt per Ittp". 

E. F. Northrup represented the e.m.f. of the alioninium-coppei couple by A’x It)® 
=4'5l-“O‘O12'20- f-0(X)tX)433^3 volts. For thert?«»)/HiMW'.'J(7i'c/-couf>le, W.M. Lati¬ 
mer found at 100'\ dEjdTio be 37 microvolts j>er degree ; at 2(X)", 4’4 : at 3<X)'’, 
5'0: at 4tX)‘’, 5*9 ; at5()0‘\7'5; and at 600®, 10'1 microvolts per degree. R. (L Tail 
obtained —0'68 for the aluminium-kdd couple at 20°, and - -() f)() microvolt at 
50°; and O'(X)390~-O76, so that the neutral point is 195°. P. W. Bridgman 

represents the results with purified and annealed aluminium for the Al-Rb coujilo.: 
E X KX' - —0*416^4'O'O4802~()-O4l0:J volts, and with commercial aluminium, E x 10® 
-- “-0'378d —0 045 ^- 4-0 0594 ^^volts; forthc Peltier effect, R,respectively with these 
two couples, RxlO®-(-O'416fO-tXX)16^-O'O43d^)(04-273) volts, and RxlO® 
“(—0*378 -0*000104O‘^42820)®(^4 273) volts; and for the Thomson effect, o-, 
respectively vX 10®—(000016 -OO460)(0+273) volts per degree, and (rXlO® 
~(—O'OOO14-O O45640)(04"273) volts per degree. The differences in the numerical 
constants are not large. The effects of press, on the thermoelectric force of a couple 
composed of one branch of uncompressed metal and the other branch of the same 
metal compressed to the press, indicated in kgrnis. per sq. cm.: 


Press. 


2,000 kgrms. . 
4,000 kgrtns. . 
8,000 kgrms. . 
12,000 kgrms. . 


10’ 20" 40* 00* 80’ 100" 

-0-031 0054 007.3 -0 058 - 0 002 -+0*I01 

0-048 - 0-081 -0 104 - 0060 +0000 f 0-294 

-0-070 -0089 -0046 +0-146 +0-478 +0-929 

-0 069 -0-068 + 0-130 + 0-543 +1-151 +1-962 


The cold junctions were kept at 0°. The metal was specially purified. The 
e.m.f. is given in volts x 10®. The reversals of sign are not considered to be 
due to the assumption of two modifi^tions in varying proportions. tL curves, 
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§ 6. The Chemical Properties of Aluminium 

, J. B. A. Dumas ■ found that wlien aluminium is gradually heated in vacuo, while 
tho pump is active, occluded gas is relea-sed somewhat suddenly towards a red heat; 
2(10 grms. of irietal occupying 80 c.c. gave SO f) c.c. of gas at 17° and 755 mm. press. 
I’Ee gas contained 1*5 c.c. of carbon dioxide, and 8li c.c. of hydrogen— carbon 
monoxide, nitrogen, and oxygen wore absent. Gas is evolved when cathode ray.s 
ani generated in evacuated tubes witli aluminium electrodes. This subject has been 
atmiicd by U. von Hirsch and K. Soddy. K. ('ohnstadt sSaid that the gas given off 
hy aluminium electrodes is water vapour and not liydrogen, and added that glass 
and aluminium surfaces will retain water even when heated to 5(Kr or dried over 
phosphorus pentoxidc. J. (’/.ochralsky studu'd tlie absorjition of nitrogen, air, 
sulphur dioxide, oxygen, carbon monoxide and di(>xid(‘, hydrogen, and coal gas by 
aluminium. He found that molten aluminium does not begin to dissolve any of 
tho common gash's until about 9(X)'\ but at higher tem]).. considerable amounts may 
bo dissolved, and retained in the form of minute blowhoh's in the solid metal. The 
following table shows the amounts of gas, in volumes per cent., dissolved at the high 
temp, and retained by the solid metal at ordinary temp.: 
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CO 

CO, 
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In the case of tho first six gases very small amounts of the absorbed gases combine 
with the metal with formation of aluminium nitriile, oxide, carbide or sulphide, and 
the metal structure shows characteristic inclusions of these constituents. The 
mechaui{j^l properties of tho metal after treatment with any of the above gases 
showed practically pp change, but in all cases blisters and splitting of the edges 
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occurred during rolling. The most suitable temp, for rolling metal containing many 
gas-pores was found to be between 300° and 350“. G. Neumann and F. Streinti 
found that sheet aluminium absorbed IT to 2‘7 vols. of hydrogen at n.p.t.; the 
gas is absorbed when hydrogen is made the cathode in an electrolytic cell. 
H. G. Doming and B. C. Hendricks found aluminium to be im|>ermeaf)Ie to hydrogen 
at temp, up to 550®. E. Diiter said that an aluminifim hydride is formed during 
the electrolysis of distilled water with an aluminium cathode, and added that it is 
immediately decomposed by water. M. Guiehard and P. K. Jourdaiii measured 
the gases evolved when old and new aluminium is heated in vacuo. The. gas comes 
partly from the surface, and partly from the body of the metal. The proportion of 
carbon dioxide in the gases exhibits the most marked variation. A. Berliner found 
that at 440°, aluminium exercises no perceptible influence on the union of hydrogen 
and oxygen, due, he suggests, to the fact that aluminium occludes no appreciable 
quantity of hydrogen. F. Paneth and co-workers could find no evidence of the 
formation of an aluminium hydride. 

Both F. Wohler,^ and H. St. t^ Devillo, agree that “ moist or dry ftir has no 
action on aluminium,” and G. Werther said that he has kept sheet aluminium for 
many years exposed to air without being able to detect the formation of any oxide ; 
but E. von Bibi;a found an imjnire sample was covered with oxi(h‘ after being exposed 
to the air for some months. G. H. Bailey found the corrosive action of air or ovygeii 
■ at ordinary temp, is negligibly small. H. St. C. Deville was enthusiastically emphatic 
on the resistance of aluminium to oxidation in air and o.KVgen : 

Aluminium may bo melU^d in air with impunity, and thoreforo air or oxygen eaimot 
wi'iiBibly affe<-t it. 'I’ho metal remsUHl oxidation at the bt^hest temp- of a enjwl furiiaee. 
WJion the metal button w rovenal with h layer of oxide which tarnishes it, Iho expansion 
of the melted metal caiwes small branchoij to slumt from its surface, which arc very hrilliani 
and do not lose their lustre in spite of the oxidizing atm. F. Wohler has also obwirved 
this pro|>erty on trying to melt the metal with a bloupl|)e. E. M. Pif'ligot has protitod by 
it to cupel aluminium. 1 have noon buttons of impuia molal cupoUod with load and become 
very malleable. With pure aluminium the n‘Bistance of the metal to diri'ot oxidation is so 
considerable that at the m.p. of platinum it is hardly appreciably touched, and does not 
lose its lustre. H is well known that the moro oxidizahlo metals take this projierty away 
from it; but Mlicon itself, wlucli is much less oxidi/.ahlc, when alloyed with it makes it 
burn with great biilliam-y, because aluminium silicidc is femed. • 

Tliesc statements give a wrong impression, anil illustrate the danger of present¬ 
ing a case like a skilled advocate before a jury, exalting the importance of evidence 
for one side, and lielittling the evidence on the other. The proper attitude, of 
course, is to present the ca.se as an impartial judge weighing fairly the evidence 
presented by both sides. H. St. C. Dcville’s position will he clear from the historical 
notes. J. W. Mallet said that pure aluminium is more readily oxidized in air than 
is the impure metal. In air, commercial alimnnium gradually becomes coated with 
a thin film of oxide so that the metal soon loses its brilfiancy and acijuires a matte 
surface which gives it the appearance of old zinc. The film protects the metal from 
further oxidation. Air and rain-water also corrode aluminium. A. laVcrsidge 
said that “ the surface becomes rough and speckled with grey spots mixed with 
larger light grey patches; it also becomes rough to the touch, the grey jiatehes can 
be seen to project above the surface, and under the microscoiie, they jircsent a 
blistered appearance. This incrustation is held tenaciously, and does not wash off, 
neither is it removed on rubbing with a cloth.” The coating can, however, be removed 
by washing with dil. acid. When aluminium is melted in air, it acquires a surface 
film of oxide whieh restrains the free flow of the metal; this film also protects 
the melted metal from further oxidation. As H, Moissan showed, aluniininm burns 
with a vivid incandescence when heated in the electric furnace, although here it is 
possible that the metal first volatilizes and it is the vapour which burns. Hence, 
a white cloud of alumina issues from high temp, electric furnaces in which aluminium 
is present, , 

H. BuS observes that fine pulverulent aluminium is soon oxidized by exposure 
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to air. N. B. PiiJingand R. E. Bedvrorth found that at 600“ there are two distinct 
stages in the oxidation of aluminium. A thin layer of oxide is slowly forrn^ . 
theVocess occupies 60-80 days, Oxidation then ceases bwause of 
impcLtrability of the 61m. The weight of the oxide film®“^^Kelowse 
and it would be 0 IXKK)2 cm. thick if of normal density. F. Wohler, and M. De|ouS8e 
showed that nluminium leaf'burns brightly in air, and m oxygen, yielding a br Iha^ 
bluish light and forming alumina -C, Matignon found that in air some aluminium 
nitride is forined during the combustion. A. Duboin said some alumimum suboxide 
AlO, is formed when a mixture of a mol of alumina and four grain-atoms of 
aluminium is ignited. According to W. Muthmann and K, Kraft, the ignition temp, 
of aluminium in oxygen is 680“. Aluminium foil and wire also burn in oxygen. 
According to F. Wohler, slnminium foil is best ignited in oxygen by wrapping it 
round a splinter of wood. A. M. Villon showed that finely powdered aluminium 
burns brilliantly when projected into a flanic, and has largely displaced magnesium 
Jiowder for flash-light mixtures because it is cheaper; it gives almost as 
Hdtinid ligfit, tiiul (iocs iifit give such unpleasant smoke or fumes A. M. Villon 
recommended a niixtiin' of I0() parts of aluminium, 25 parts of lycopodium, and 
5 parts of ammonium nitrate. .1. M. Eder has studied the actinic power of 
the light. 


TIu' nlutimitiitn of (.‘ornnierco in iiiu'ly (Uvkled aliiininium metal with a coating of 
oil, iHually .Htouriru' or tiomo Hirnilar inatorial. This coating evidently serves to prevent 
o.xidatinn in air niul (o protect tlio motal parlicle-s from the action of inoisturo, as it is stated 
that the [iroduct hwn its hiato* if no oil ho addod. Aluminium dust is so light that it is 
easily blown about a room, and, as (ho workmen soldoin take precautions to prevent this, the 
workrooms am soon coated with dust. According to A. Leighton, expi'riments do not 
mIiow th(' exact conditions under which an ignition of the aluminium dust is ob^ined, they 
do show that iL may ignite at tem[». even lower than those necessary for the ignition of coal 
dust; but moif* heat is ncM'ded to ignite aluminium iluat. Hence precautions should bo taken 
to [irevent loose uhuninnnn powder from being blown into the air. 

In making aluniininm powder, the metal is pounded in stamp-mills, sorted according to 
siito of gram, and polished in polishing inillH. Very fine sorts ai-e subjected to a nibbing 
troatmunt after sifting and ladore polishing, by grinding the metal dust with a soln. of gum 
arable. Si‘rinus explosioiiH have occurreii in the sifting and polishing machines, due 
apparently to tlie ignition of dust by iici-identul sparks in the machinery, so that, in order 
to ininimi/.e the danger, rules for use in factories making aluininium-bronze powders have 
Imx'ii fonnulab'd, hy /hr ISiuidentttclic a/cl- uiul vmdiiinftn/l Jierii/ttijmoBfieHSc/utft fiir die 
ron Aluminium in l*idvir. Ordinary alumimum bronze powders do not flash 
when blown tlirongb a flume', but the finer kinds can lie ignited in this way or even by a 
lighted mab'h. H Stookineior states that in mlditioii to thedaiigin-arising from accidental 
simrking from nuMfliinerv starling the osulation of the powder as a dust explosion, there is 
also a risk due to the production of hydrogen by the action of water on aluminium dust, 
e.fj. m washing out the gum -• the action Uigms at ,30®, for it is not appreciable at 20®; and 
K. «l. Zink suggested that the action of water on the small amount of aluminium carbide 
in aluininium produces inttainmablo hydrocarbons, thus O’l per cent, of aluminium carbide 
ill 10 kgrms. of aluminium oeuld give 4'8 litres of hydrogen. The subject has also been 
diseuMsed by 0. Kdi’liiiann, M. M. Richter, M. Bamberger and H. von Jiiptner, O. Bauer, etc. 


According to E. Kohn-Abrest, aluminium powder is not oxidized by eight days’ 
heating in air at UX)'’, but oxidation can be detected after eight days’ exposure to 
175®. When aluminium powder is heated in a current of air, it begins to absorb 
oxygen at 400®; between 400" and 625°, the rate of absorption increases steadily 
and remains constant between 625° and 750°. At 800°, a further absorption, of 
oxygen commences, which iuoreast's a.s the temp, is raised to 1000°, and then remains 
constant between 1000° and 1200". When aluminium powder is heated during 
one flour at 1000°, or for the same pi^riud at temp, rising from 500° to 1050°, 69 per 
cent, of oxygen is absorbed, but no further absorjition of oxygen occiua when the 
heating is continued for another two hours at 1000°. The product is a homogeneous 
pearbgrey powder, which discomposes hydrochloric acid with effervescence. It is 
pointed out that the formation of a suboxide AiO would require the absorption of 
nearly 59 cent, of oxygen. H. Hinze found that amalgamated aluminium is 
rapidly oxidized in aii; and aluminium which has been rubbed with mercury or a 
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salt of mercury ie quickly oxidized in air. When afuminium in allowed to stand on 
mercuiy covei^ with a thick film of oxide, H. F. Hunt and L. J. Steele found that, 
although no amalgamation is perceptihle, the aluminium is rapidly converted into 
its hydroxide. The action is not so rapid when the metal is kept beneath dirty 
mercury, and is very slight when aluminium is floated on freshly distilled mercury. 
The action is most rapid with aluminium which has had its surface amalgamated. 
G. le Bon found that aluminium foil coated with a thin film of mercury is quickly 
oxidized by exposure to air, and a strip of the metal placed vertically in a vessel 
containing water and mercury is continuously corroded at its lower end until 
completely disintegrated. Since aluminium which has been pn'ssed on moist 
platinum, silver, or tin behaves similarly, H. Hinze assumed that the increased 
oxidizability of aluminium is an electro-chemical effect, and is a good illustration 
of H. E. Armstrong’s theory of chemical action. The phenomenon has also been 
studied by C. Jehn, P. Spica, C. Reichard, G. A. Maack. E. 0. Erdmann, etc. 
—vuk infra, aluminium amalgam. V. Zunino's analysis of the voluminous, gmy, 
spongy mass formed when aluminium is immersed in increnrv, and afterwards 
exposed to moist air, agrees with Al 203 .f)H 20 , or AI(OH)j.HoO, J. II. Bailie and 
C. F6ry gave the composition AI^OfOH)!. P. R. Jourdain said that still more 
watc‘r is absorbed iu a moist atm., and in a dry atm. or in vacuo at 200°, water 
is slowly lost, but the weight does not become, constant even after several days. 
He also showed that some carbonate and peroxide are present in the product. 

According to H. St. C, Deville,^ water has no action on aluminium either at 
ordinary temp., at 100°, or at a red heat bordering on the m.p. of the metal. He 
said; 

I boiled a fine wire in water (or half an hour and it lost not a particle in weight. Tlie 
Bamo wire was put in a glaaa-tube heated to redmissby an alcohol lamp and traversed by a 
current of steam, but after aevoml hours it hod not lost its polish, and had the same weigiit. 
To obtain any sensible action it is necessory to oiwrate at tho highest heat of a reverbe¬ 
ratory furnace—a white heat. Kven then tho oxidation is so feeble that it dovolops only 
in spots, producing almost inappreciable quantities of alumina. This slight alteration and 
the analogies of the metal allow us to admit that it decomposes waU<r but feebly. 

He added that the metal jirejtared by reducing cryolite with sodium is almost un¬ 
avoidably contaminated with slag composed of the chlorides of sodium and alu¬ 
minium ; and when treated with water the aluminium chloride acts like an acid dis¬ 
engaging hydrogen. When the metal thus tarnishes in water, the presence of chlorides 
can be detected in the liquid. F. Wohler, and R. Bunsen also found that tho metal 
they prepared acted on water at 100°. H. St. C. Deville was not quite correct. 
According to W. Smith, there is a very slight action when aluminium powder and 
water are heated in a platinum dish to incipient boiling ; but if heated in an ordinary 
test-tube, a vigorous evolution of hydrogen was observed. It is here assumed that 
the water dissolved a little alkali from the glass, and so attacked the metal. 
A. Liversidge found that commercial aluminium is attacked by rain-water, almost 
as readily as zinc is attacked. M. 0. Schuyten showed that a drop of potassium 
permanganate soln. accelerates the decomposition by boiling water, but this is not 
the case with chlorates, perchlorates, or nitrati's. J. H. Gladstone and A, Tribe also 
found that in the presence of a trace of iodine, of hydriodic acid, or of aluminium 
chloride, bromide, or iodide, or zinc chloride, aluminimn deromposes water at 
ordinary temp, or at 100°. In all eases, hydrogen and aluminium hydroxide are 
formed. A. Ditte explained the action of water on aluminium by showing that the 
products of the reaction, hydrogen and alumina, deposit on the metal covering it ^ 
with a thin protective film. If the conditions be such that the film is removed, the 
acHon becomes manifest. Boiling, for instance, removes the hydrogen, and if 
aluminium chloride, sulphate or nitrate be present in the water, the alumina may be 
removed, and the action goes on until a subsalt is formed which is sparingly soluble 
or insoluble. This covers the metal with a new protective film. L. Hugounenq 
found that purified aluminium is not attacked by purified water, but aluminium of 



206 INORGANIC AND THEORBTICAL CHEMISTRY 

commerce is attacked owing to the formation of local couples. C. Tissier said that 
the formation of the cmi[ile dispels the passivity of the aluminium. A. Scala, 
F. Schonfeld and 0. Himmelfurh, and many others have studied the action of water 
on this imdal. C. Matignon showed that aluminium powder is slowly attacked by 
water at KW'; and that the |«)wdcr when ignited in air and plunged into steam, 
continues to hum with tho evolution of hydrogen. H. J. Gladstone and A. Tribe 
showed that if aluminium he dipped in an acidified soln. of cupric sulphate or 
])latini(i chloride, and washed, it gives only a little hydrogen with water at 12°, but 
copious (juantities are evolved at 11)0°. J. H. Bailie and C. Fery found that amalga¬ 
mated aluminium deeomjioses water at ordinar}'' temp., and that tho change is 
especially ra])id with very thin sheets of metal amalgamated on the surface. G. Ic 
Bon, W. van Rijn, and P. Spica confirmed this observation. The aluminium foil is 
amalgamated by di|)ping it in an aq. soln. of mercuric chloride, and afterwards 
washing it in water. Wtum a strip of aluminium is dipped in water containing a few 
drops of hydrochloric acid and a very small quantity of mercuric chloride, the 
formation of alumina can be observed in a few ndnutes, and the strip when removed^ 
from the li<)uid oxidizc's very rapidly in air. The mercury-amalgam couple or, as 
J. Wislieenus called it, excited or aetivated aluminium, was shown by W. K. Ormandy 
and J. B. Cohen, and J. Wislieenus to be a valuable reducing agent, more active 
in some cases than the zinc-copper couple—c.p. in reducing nitrates and nitrites to 
ammonia. According to F. Mylius and F. Jtose, if aluminium be immersed in water 
e.xposed to air, some hydrogen peroxide is formed. H. T. Barnes and G. W. Shearer 
inferred from the behaviour of aluminium electrodes that a film is formed over the 
surface of aluminium exposed to air or to water, and that the reaction in the case of 
water develops hydrogen peroxide. The development of hydrogen peroxide is 
dependent on the, presence of dissolved oxygen; if air be absimt, no hydrogen 
peroxide is formed. 0. Ohmann'* found that an intimate mixture of a gram of 
aluminium powder with PS grins, of sodium peroxide is readily inflamed with a 
slight explosion by the addition of a few drops of water. 

E. Heyn and 0. Bauer found that aluminium undergoes two types of corrosion; 
it may corrode uniformly, forming a coating of oxide over the whole surface, or it 
may be attacked locally, forming blisters and exfoliations. The latter is the more 
dangerous in the industrial aiiplication of aluminium. They found that local 
pitting occurred with hard or cold-worked aluminium, and that tap-water produces 
a 'slight uniform corrosion after several months' exposure with soft or annealed 
sheet; and local corrosion, blistering, or disintegration with hard sheet. Distilled 
water did not cause blistering even with hard sheet. Local corrosion was attributed 
to (i) the initial stresses in hard sheet causing strains and buckling when released by 
corro.sion; and to (ii) the electropositive character of hard- or cold-worked aluminium 
to the soft or annealed metal. This conclusion was confirmed by G. H. Bailey, 
and L. Guillct. K. Heyn and 0. Bauer found the relative rates of corrosion of hard 
and soft sheet aluminium by distilleil water eximsed freely to air, to be respectively 
45 and 54. The metal is not attacked by air, or water in the absence of air or oxygen; 
or, as G. H. Bailey expressed it, except in waters containing free acid or alkali, no 
aluminium is dissolved, and the corrosion is purely a question of oxidation of alu¬ 
minium to alumina at the expense of the oxygen dissolved in the water. The 
greater the degree of purity of the water, the less the action. According to H. 8. Raw- 
don and co-workers, failure occurs owing to the attack on the impurities which are 
found along tho intercr 3 rstalline boundaries, but, on annealing after cold work, 
the impurities no longer coincide with the crystal boundaries, and corrosion is not 
truly interorystalline in character. E. Heyn and 0. Bauer, and G. H. Bailey found 
that the rate of attack is augmented by a rise of temp. Thus, at 20° and 70°, tho 
relative rates of attack are 39; 110. The siUcon content of the aluminium, between 
0'57 and 0'86 per cent., had no appreciable influence on the result; Q. H. Bailey 
also found that when the proportion of silicon is higher than that of iron, the action 
is less pronounced in the case of water and acids, and more pronounced in salt soln. ; 
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1C stated that the attack by atnininium is notably accentuated if the alnrainium 
contains sodium or cojijier. L. Guillet confirmed the conclusion with respect to 
!opper. A. Barille found that aluminium is slowly attacked by sellzfr loaler, forming 

1 flocculcnt prcci))it 8 tc of aluminium hydroxide. A. Trillat studied the corrosion 

}f aluminium in the liquids encountered in the brewing, milk, and clieeae 
ndustries. • 

According to F. Wohler, and H. St. C. Deville, soln. of sodium Ot potassium 
liydioxide act vigorou.sty on aluminium, transforming it into alkali aluminate and 
letting free hydrogen, (i. H. Bailey represented the speed of the reaction with two 
Jitfereul samples of commercial metal and tap-water, A'-H»SOj, A'-HCl, and 
f/-NaOH in terms of the number of grains per sq. yd. dissolved per day : > 

Tap-water .V-H,SO, .V-HlT .V-NnOIl 

0-80 100 ;t6-5 708 

0-85 7-7 29-« 898 

J. W. Mallet found that the purified metal resists attack better than the comniercial 
metal. .1. W. Richards found the best commercial metal reacted with a cidd dil. 
soln. of potassium hydroxide with one-seventh the rate of aluminium alloyed with 
3 per cent, of copper, and with one-seventieth the rate of aluminium alloyed with 

2 per cent, ot copper and one per cent, of zinc. A. Stutzer found electrolytic 
aluminium is attacked more slowly than the metal made by the sodium process, and 
he attributed this to the presence of sodium in the latter, but J. W. Richards suggesta 
that the truer explanation rests on the higher degree of purity of the electrolytic 
metal. A. C'avazzi said that the reaction is represented by 2A14-6MOH 
— 2 AI(OM) 3 -t 3 H 2 ; the speed of the reaetion increasi's with the tenqi. and cone, of 
the soln., but J. Bogussky and J. Zaljesky found that the speed of soln. is not pro¬ 
portional to the cone. of the alkali. A. J. Hale and H. iS. Foster studied the attack by 
hydroxide soln. A. Rdhrig found the jiresenee of .sodium silicate inhibits the attack 
by the alkali-lye —vidu infra. S. Kappel found that aluminium in contact with ait 
and a soln of potassium hydroxide readily produces the nitrite, and in the cold, nitrates 
and hydrogen peroxide arc formed, A boiling soln. of potassium or sodium ethoxidc 
attacks aluminium only with the oxidation of the alcohol to form water. J. Ozo- 
chtalsky showed that the blackening of aluminium vessels with use is not directly 
dependent on the proportion of iron present as an impurity, but is rather dependent 
on the alkalinity of the water which comes in contact with the metal. A soln.’of 
calcium hydroxide, or lime-water, also acts rapidly on aluminium, but the resulting 
calcium aluminate, is insoluble in wati'r, and is precipitated on the metal protecting 
if from further action. E, Beckmann found that a soln, of barium hydroxide rapidly 
dissolves aluminium until the soln. contains the molar proportion AI 2 O 3 : BaO ; the 
reaction is then slower and aluminium hydroxide begins to separate out; with hot 
soln. barium aluminate is formed. 

0. H. Crowe, and K. L. Mci-ssner have studied the action of alkali chloride soln. on 
aluminium. A soln. of sodium chloride acts feebly on aluminium. This subject 
has been investigated by A. E. Hunt, J. W. Richards, G. H, Bailey, C. Tissier, 
A. Uittc, E. Uonath, F. Zmerzlikar, E. Hcyn and 0. Bauer, and A. J. Hale and 
H. 8 . Foster. W. Smith found that hot cone. soln. of sodium chloride attack the 
metal with the evolution of hydrogen, and the soln. become alkaline ; it is assumed 
that in the presence of sodium chloride, the aluminium attacks the water setting 
free hydrogen, and the aluminium hydroxide so formed reacts with the sodium 
chloride, forming a basic aluminium chloride and sodium hydroxide. The action 
of a soln. of sodium chloride in the presence of an acid was found by A. E. Hunt, 
W. Smith, and A. Ditte to be greater than when either is alone. A. Ditte said that 
the attack by alkali halides is prevented by the formation of a protective film of 
aluminium hydroxide, and that the presence of the dil. acid dissolves the hydroxide, 
and enables the saline soln. to continue its action. The action is also faster near the 
surface because atm. oxygen plays a role in the reaction. He also showed that the 
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arbott dioxide pliys a part snslogouB to tbit of scetio icid, snd tbit the lesultip 
sodium carhonate readily reacts with aiuminium as indicated below. A. Ditto ak 
found that soln, of potassium chloride, sodium and potassium bromides, and potas¬ 
sium iodide act like soln. of sodium chloride. He represented the reaction b) 
the equations; 6NaC'l-f-2Al4‘6H20=2AICl3-|'6NsOH-{-3H2-f 167*3 Cals.; anc 
3 NaOH+AlC'l 3 =3NaCl+AJ(OH)3+28*7 Cals. The corrosive action of sea-watei 
was studied by A. K. Hunt, H. C. H. Carpenter and C. A. Edwards,etc. A. Ditt( 
said that the action of sea-water is analogous to that of sodium chloride on 
aluminium ; and that calcium chloride and magnesium chloride soln. act similarly; 
A. J. Hale and H. S. Foster, and C. H, Crowe examined the action of soln. oi 
these salts. 


According to C. Fonnenti and M. Levy, aluminium reacts with soln. of many sul¬ 
phates, forming alums. According to W. Smith, when aluminium powder is heated 
to l(K)"ina platinum vessel with a soln. of sodium nitrate or potassium niti ate, there 


is a faitd evolution of hydrogen, whereas in a soft glass vessel, there is a vigorous 
action, anil an evolution of much gas. This is due to the presence of alkali developed 
by the action of the water on the glass. W. Smith assumes that the reaction is : 


6A11-MILO |- 2 NaN 03 -diAI(OH )3 f 2NaOH-f2NH3-|-H2. The alkali derived from 


the glass and from the sodium nitrate continually increases so that there is an ever- 
increasing reducing action and finally there is a tempestuous evolution of hydrogen 
and ammonia, E, Donath, and F. Zmerzlikar studied the attack of aluminium by 
soln. of nitrates. W. E. E. Hodgkinson and A. H. Coote found that alumininm has 
no action on a soln. of ammonium nitrate. The action of ammonium salt soln. in 


producing brown films on aluminium was the subject of a patent by C. Gottig. A 
boiling soln. of ammonium phosphate, made faintly alkaline with ammonia, was 
found by W. Smith to be attacked with the formation of a white phosphate, and 
he assumes that the boiling soln. is decomposed into ammonia and phosphoric acid, 
ami that the former, in statu nascendi, decomposes the water, forming aluminium 
hydroxide and hydrogen ; the hydroxide and phosphoric acid produce aluminium 
phosphate. A hot soln. of ammonium arsenate acts on aluminium, forming a 
mixture of hydrogen, arsine, etc. 


_ A. Cavazzi, and W. Smith found that when aluminium powder is boiled with a 
Af-soln, of sodium carbonate, there is so copious an evolution of hydrogen and carbon 
ilioxide that the soln. froths vigorously. The reaction is also vigorous with foil 
and sheet aluminium. It is assumed that the aluminium first reacts with the water, 
forming hydrogen and aluminium hydroxide, and the latter reacts with the sodium 
carbonate forming, sodium aluminate; 2 Al+3H20-t-Na2C03=2NaA102-|-3H2-|-C02. 
Since a boiling soln. of sodium carbonate does not react with aluminium hydroxide, 
W. Smith makes the supplementary hypothesis that the reaction can occur in the 
presence of nascent hydroxide. A. Ditte said that the reaction between sodium 
carbonate and alumimum furnishes sodium aluminate and hydrocarbonate, and it 
ceases when all the carbonate is transformed into hydrocarbonate. A. J. Hale and 
H, S. Foster examined the action of sodium carbonate soln. E. Seligman and 
P. Williams showed that sodium silicate forms a coating of aluminium silicate 
on the metal, and prevents the attack by sodium carbonate used for cleaning 
aluminium. 


C. Weltzien found that aluminium is attacked by hydrogen porozide, and 
0. Droste noted that an aluminium beaker containing a 3 per cent. soln. of hydrogen 
peroxide was quickly corroded. 99*46 per cent, aluminium with 0*03 per cent, 
of iron and 0*61 per cent, of silicon is rapidly dissolved with the exception of a few 
specks of silicon together with some adherent aiuminium. A white precipitate of 
^fOHls.HsO, but no colloidal aluminium hydroxide, is formed. He added that 
aluminium vessels are not suited for liquids which contain or can form oxygm or 
done. The slow action of aluminium in decomposing hydrogen peroxide was 
attributed, by H. T. Barnes and 6. W. Schearer, to the protective action of the surface 
film of oxide. 



ALUMINIUM 


209 


Aluminium is an active element, and under proper conditions reacts with many 
other elements, forming salts, etc. According to H. Moissan,’ it is superficially 
attacked by finorine at ordinary temp., and the thin layer of aluminium fluoride 
protects the metal from further attack; but at a red beat, the action is very energetic. 
C. Matignon said that aluminium burns vigorously in the halogens, the hydrogen 
halides, and the non-metallio halides. F. Wohler noted the combustbn of the metal 
in chlorine, but H. Gautier and G. Charpy found that liquid chlorine at its b.p. has no 
action, but at —20'’, combination occurs with incandescence. G. H. Bailey said 
that the corrosive action of chlorine at ordinary temp, is negligibly small. According 
to E. R. Hodges, bromine vapour reacts with warm aluminium foil with brilliant 
incandescence. H. Gautier and G. Charpy found that with liquid bromine there is 
an energetic reaction at 15°, and a fragment of aluminium on liquid bromine becomes 
incandescent and runs about the surface of the liquid like potassium docs on water. 
With bromine-water, there is a regular evolution of hydrogen, and after a time, 
some oxybromide separates. C. Friedel and L. Roux said that aluminium sub- 
tromide is formed if the aluminium be in excess. J. NickRs found that bromine 
or iodine in dried ether reacts vigorously with aluminium, forming either the bromide 
or the iodide. 

Gaseous hydrogen chloride readily attacks aluminium even at a low temp., but, 
according to J. B. Cohen, there is no action if the gas be thoroughly dried ; nor, 
according to L. Kablenberg and H. Schlundt, dues a soln. of that gas in dried liquid 
hydrogen cyanide attack the metal. F. Stockhausen and L. Gattermann, and 
E. Kohn-Abrest found that powdered aluminium is not acted on by 2 hrs.’ exposure 
to cold dry hydrogen chloride, but is rapidly attacked if previously heated in hydro¬ 
gen to 300°; once the reaction has commenced, it continues without the application 
of more external heat—cide the preparation of aluminium chloride. Boih F. Wohler, 
and H. St. C. Ocville noted the rapid dissolution of aliiminimn in hydrochloric add. 
This acid is le veritable dissolvani of aluminium. The action is quicker with cone, than 
with dil. acid, and quicker hot than cold. A. J. Hale and H. S. Foster studied the 
action of hydrochloric acid ; and F. and W. Mylius, the thermal changes in the attack 
of the metal by this acid. A. Sieverts and F. Lueg found that if the initial cone, 
of the acid be C milliequivalents per 20 c.c.; x c.c. the amount of hydrogen evolved 
at the time t; v„ c.c. denotes the vol. of a millimol of hydrogen under standard 
conditions; and IS the vol. of hydrogen under standard conditions eip to the initial 
quantity of metal, then, the velocity of the reaction </a'/(ft --A'(f.'—2a:/e„)(R—a:)*. At 
20°, they found the velocity constant, K, to be 

Cuttc. ot acid . . (I SN 0'67Ar N l-SU.V l iiTJV 

K . . 040 104 4 1! U-S lli l 22-7 

and that K is very nearly proportional to the 3rd power of the cone, of the acid. 
At 20° with IV-acid, K—i 'i, and at 30°, A'=5'65. According to J. W. Mallet, the 
purified metal is not so readily attacked by solvents generally as is the impure metal. 
It is assumed that the galvanic action of local couples keeps the surface of the imjnire 
metal free from a protecting layer of gas. J. W. Richarfs said that the presence of 
silicon renders the metal particularly susceptible to rapid attack, and during the 
reaction some silicon escapes as hydride. This can be prevented by keeping an 
oxidizing agent like bromine in the acid. If the best commercial aluminium, and an 
alloy with 3 per cent, of nickel, be treated with 3 per cent, hydrochloric acid, the 
less pure metal dissolves 30 times as fast as the other. If a little hydrochloric acid 
be added to other acids, the metal is dissolved presumably as aluminium chloride, 
and the latter then reacts, forming a salt of the acid and reproducing hydrochloric 
acid. The catalytic action is thus cyclic. The accelerating influence of reducing 
agents—nitrobenzene, etc.—on the dissolutbn of metals in acids was discussed by 
H. J. Prins, A. Sieverts and P. Lfleg found that there is a marked period of 
induction in the action of hydrochloric acid, and that the speed of dissqiution is 
greatly inhibited by a number of alkaloids. 

VOL. r. 
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With Nacid amt 2-', milhmol of the followmgalkidoidsimditfe, the value of A' wes4-3u 
mlh caHeiue: f-2,<'oauno: 41 . riuehonmo; 2-44, morpldne; 2-40 cowme; 213. qummej 
I*y7, /mirotiiu*; J H.'/, Imjt Jiio ; /-SU, c-odemo ; i'I7, nicotine; 1*08, voratrme ; and I'Od, 

^.iwi»hthofjuiiiolint‘. 


The idfcct is dur to til-' iulsorption of tlu* “ poinon *’ by the metal which renders 
tlie Murfucr in.n tivr. Hydrobromic and hydriodic acids react similarly to hydro- 
I'liloiic acid. K. Sclijiinan and I*. Williams found that |iV-hydrobromic acid attacks 
nliiniiniiifti with hut iialf flie velocity of AiV-hydrochlonc acid. G. H. Bailey made 
some ohservatioMs on this suhji'ct. With hydrofluoric acid, the aluminium tiuoride 
\\hieh IS produci'd has a low solubility, so that a protective coating of the fluoride 
mav remain on the metal wliiui the cone, of the acid is great enough. 

A. 1). White found that hypochlotous acid attacks aluminium slowly, hydrogen 
is evolved and uliiminiiim hydroxide is deposited, some chlorine is then formed ; if an 
exi^cHH of aluniinnim b(‘ useil, ami the evedution of gas has ceased, the filtt*red soln. 
deposits aluminium liydro.vide when carbon dio.xide is passed thendn. It is assumed 
that the soln. contains aluminium hypochlorit<‘, and that the first product of attack 
by the acid is this .silt am! hydrogen; the aluminium is also slowly oxidized and 
liydroehloric acid is formeil. The interaction of hypochlorous and hydrochloric acida 
give.s chlorine ; some oxygen a}»pears in the gas evolved, and is due to thi^ spontam'ous 
deeomposition of the hypochlorite. Aluminium i.s slowly attacked by a soln. of 
calcium hypochlorite (blmiching powtler) and calcium aluminate i.s said to lx* a pro¬ 
duct of tlu; action. 1). Toinmasi stated that only a trace of chloride was formed 
aft.er aluminium had been in contact with chloric acid for six hours. W. S. Hendrix- 
son found t hat aluminium slowly dissolves in cold dil. chloric acid, and whatever 
the cone., hydrogen is given oil, and, as m the case of zinc, some acid is reduci'd, and 
soim* chloride is formed. 'J'he ratio of chlorate to chloriile formed with A'-acid 
is 1 :7, and with 2A’-aehl I : h. The metal also becomes coated with aluminium 
oxide. 1). Vemlilori found fimdy divided aluminium reduces chloric acid to hydro- 
idiloric acid in the pn’sem e of acids ; perchloric acid is not aiTected. Acidified .soln. 
of chlorates and perchlorates liehave in an analogous manner. G. Gore found that 
with analumimum*])latinum couple in a soln. of iodic acid, the aluminium is strongly 
attacked. 

A. Orlow.sky ^ could detect no signs of a reaction in the cold between aluminium 
and sulphur or a soln. of sulphur in cuibou disulphide. W. Spring said that 
under a press, of Got H) atm. the reaction between sulphur and aluminium is meomplete, 
although a polysulphide is formed. Aceoreling to H. 8t. Deville, aluminium at a 
retl heat does not react with aulphur vapour, but, at a “ high temp, it combines 
directly with sulphur to give aluminimu sulphide.” According to H. Fonzes-Dia^-on, 
and Matigm)n. a mixture of eip proportions of })recipitaled sul})liur and finely 
powdered alummiuiu eun be ignited by burning magnesium, and aluminium sulphide 
is formed. A mixture of selenium and aluminium l>eliaves in a similar manner. 

F. Wolder al-so obtained compounds of aluminium with selenium and tellurium. 

G. H. Bailey said that the corrosive action of hydrogen sulphide at ordinary temp, 
is negligibly small. According to H. St. C. Deville, liydrogen sulphide has no action 
on ulumimum, and the same remark applies to an u(|. soln. of hydrogen sulphide, or 
of ammonium sulphide. J.Margottct also said that hydrogen sulphide is without 
action on aluminium, but J. W. Kichurds noted that hydrogen sulphide is absorbed 
by the molten metal, and the metal then flows sluggishly ; just before setting the gas 
is rejected ” so actively that a crackling sound can be heard several feet away . . . 
at the same time, the sluggish metal becomes quite fluid.” The gas entangled in 
the solidifying metal also produces cavities or blowholes. C. Matignon found 
that aluminium can be burnt in the vapour of carbon disulphide, forming carbon and 
aluminium sulphide but nut carbide ; he also burnt aluminium powder in sulphur 
dioiide producing the oxide and sulphide; G.* H. Bailey found the corrosive action 
of sulphqr dioxide at ordinary temp, is negligibly small. A. Cavazzi found that 
when a mixture of ajuniinium dlings and sugar charcoal is heated in the vapour 
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of carbon disulphide, a little almuiuiuin sulphide* is fonneel. Aluininiuiu reacta 
with SUlphofOtlS acid, (onniug, according to P. Scliwcitzcr, a mixture of aluminium 
sulphite, sulphate, trithioimtc, and thiosulphate. 1 ’. Degener said that suljihurovis 
acid attacks the metal only in the juesence of alkali clilorides. ('. Matignon burnt 
aluminium in tin* vapour of sulphur Chloride. 

According to K. Wohler, cold cone, sulphuric acid'eloes not attack aluminium, 
but the hot acid dissolves it rapidly with tiie evolution of sulphur dioxide. 
II. St. t'. Devillc allowed that sulphuric acid dilutetl in the proportion most 
suitable for attacking zinc has no action on aluminium, and (he action is not assisted 
by contact with a foreign metal, fli* found (hat afti-r si'veral months* contact with 
dll. sulphuric acid, a slight action could be detected, il. K. lloseue said cone, and 
dll. sulphuric acids have no action on aluminium. As a matter of fact, diL and (one. 
sulphuric acids act very slowly on aluminium in the cold and more rapidly wlicn hot. 
.\. .). Hale and H. S. Poster studied the ai'lion of sulplmrie acid on aluminium. 
Acconling to H..Seligman,anhydrous sulplmrie acnl is without action on aluminium, 
when-as onlinary oil of vitriol is markedly cornisive. Pascal and (•o-\Norkers 
found that aluminium is not seriously attacked by sulphuric acid over UH jier 
<-ent. P. B. (Janguly and B. Baiierji found the action is most vigorous near the 
surface of the aeid wlion an aluminium riKl is partly immersed in the dil. acid, 
(i. .V. le Boy reduced the loss iii weight sullVred by plat»‘s of metal in suijihurie acid, 
to I 0 .S.S in grams per »<[. metre in 12 hrs., and lie found with jiurilied and commercial 
aluminium at lo 2U ; 

S)) jif. of II. 1(1 is 12 1711 I :)8o i-2n;t 

, \ piiKs .\l Is to I'.i no 1 no 

i 0.011111 .\1 . 21 00 2.'> H0 

ami at bV) , with acid of sp. gr. 1 8t2. the lo.sscs were ri'.sjicctively 210 and 207. 
Hence, It IS impraeticable to use alumimum for jiaiis. pumps, tank linings, etc., uscil 
in Immllnig sulplmrie acid. It will be observed that the attack on juirified aluminium 
IS slower than on the impure metal. A. Ditli* found that cold 2 ’r> per cent, sulphuric 
acid at lirst acts very slowly, hut after several hours, the air condeii.sed on (he surface 
of (he metal is remove<l, and tin- metal slowly di.ssolves with the evolution of hydrogen. 
The hydrogen collects on the surface of tlie metal protecting it J’lom further attack. 
.1. M. Weeren gave a similar explanation with res|)(r( to zinc Any agent which 
breaks up or removes this gaseous I'diii, liasti'iis the aft.iek by the acid. Si)!!!, 
of many metal cldoriiles reduced by aluminium liehave in this way ; for instance, the 
luhlition of a few drops of platinum cliloriile to (lie acul leads to the deposition of 
platinum on the ahiininium, the surface is ronglieued, the gas escajtcs <juicker, ami 
(he .solvent action is more ra|ml. (Jold, mercury, and copper clilorides act similarly ; 
zinc and iron chlorhlcs have no such stimulating action. The rate of attack by the 
cold acid gradually slows down because of the dejmsilion of an undissolveil basic 
sulphate, .‘lAl 2 S() 4 .AU(^ 04 );j.l 8 Ho 0 , on the metal protecting it from the acid. Kven 
Very dil. sulphuric attacks aluminium if the metal is jirevented from being covered 
with the film of gas -c.y. by boiling. It is jirobabh* tliat (lie metals depiMiteil on 
the aluminium, as also the impurities in the aluminium, act as electronegative ele- 
incnts to the electropositive aluminium; local coujdcs are formed, and (lie gas is 
(lisetigageil from the electronegative element, not the aluminium. A. Ditti*, anil 
K. Winteler mention the separation of sulphur during the action of cone, sulphuric 
acid on aluminium, but W. Smith detected no such formation of sulphur. According 
to M. G. Levi and co-workers, aluminium rajiidly dissolves in a<|. soln. of potassium 
persulphate without the development of ga.s; with ammonium persulphate the 
dissolution is slower. G. A. xMaack produced selenium and teJlunum respectively 
from aip soln. of selenous and tellurous acids by aluminium. 

Molted aluminium was shown by F. Briegleb and A. Geutlier ^ to ab.sorb nitrogen, 
and J. W. Mallet prepared a nitride {q.v.) ; some nitride is formed when ^luminium 
is burnt in aii. Gaseous ammonia docs not act on the mental at ordinary temp., 
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but at 700", A. H. White aiul L. Kirschbrauii found that the nitride is formed. 
0. 0. Henderson and .1. C. (lalletly heated aluminium in a stream of ammonia and 
obtained oidy a small jfroportion of nitride. F. Wdhler found that aqua ammonia 
acts slowly on the metal, prodmdng a little alumina, part of which dissolves. 
A. J. Hale and H. H. Foster studied the action of aq. ammonia on aluminium. 
W. Smith found that a hot'cone. soln. of ammonia generates hydrogen and forms 
aluminium hydroxide. A. Ditto said that the action with aq. ammonia continues 
BO long as the aluminate dissolves in the excess of alkali, and stops as soon as a film 
of aluminate forms on the metal. >S. Kappel said that aq. ammonia in contact 
with air and aluminium forma nitrites. C. Odttig, and A. Ditto mention that a 
yellow to brown layer of the unattacked impurities remains on the surface after 
treatimmt with ammonia. According to T. Curtius and J. Rissom, hydiazoic add, 
HNj, attacks aluminium a little, forming aluminium hydroxide, not the azide. 
Accoriling to C. Matignon, aluminium powder can burn in nitrous Oxide, nitric OXide, 
and nitrogen peroxide, forming alumina and the nitride. I’. Sabatier said that 
aluinitumn filings an^ not attacked when heated in nitric oxide, and that nitrogen 
piToxide is without action at &tX)“. E. Muller and H. Ban k found the action of 
nitric oxide was only slight below (K(0°; at 6(Xt°, 8 p(>r cent, was decomposed. 
.1. .1. Sudborough fouml nitrosyl chloride attacks aluminium in the cold. 
F. W. Bergstrom found that sodium amide, or a soln. of sodium in liquid 
ammonia, nuiets with amalgamated aluminium, forming sodium amidoaluminute, 
Na| AI(NH.,.) 4 ]; potassium amide acts similarlv, forming polimium amidoaluniimte, 
KlAlfNlls,)4j. 

According to H. 8t. (!. Dcvillc, and F. Wohler, dil. or cone, nitric acid has no action 
on aluminium at ordinary temp., and the former said that good results were obtained 
by substituting aluminium for ])latimim in drove's battery. W, Smith noted that 
with hot nitric acid, at the b ])., idtroiis fumes are evolved, but the action ceases 
when cooled below rxj". According to A. Ditto, the action of nitric acid resembles 
that of sulphuric acid in that cold 3 per cent, acid acts very slowly, but cold 6 per cent, 
acid acts more quickly. When the plate of metal has become rough or matte by 
the action, the gas escapes more freely from the surface, and the action is faster. 
The gas contains no hydrogen, and is mainly nitrogen and nitric oxide; a little 
ammonium nitrate is formed. The reaction does not stop with the formation of the 
neqtral nitrate, for a white sparingly soluble basic salt, r)Al./)|,. 2 Al(NO 3 ) 3 . 30 Il 2 O, is 
deposited. According to T. B, Stillmann, nitric acid of sp. gr. 11.^ attacks aluminium 
turnings more readily than an acid of sj). gr. 115; and with an acid of sp. gr. 1'35, 
the salt Al(N 03 ) 3 . 1 tH ,20 is dcjiosited. d. M. van Deventer found that 2tt-2r) per 
cent, nitric acid attacks aluminium slowly at 25'’- 30 '; the main reaction is A1 
-flHNDj AllNOa)^ f Nt) h2If20, a little nitrogen and some ammonia are also 
formed, A. Dittc found that with 3 per cent, nitric acid mixed with a little platinum 
chloride, very little gas is produced, but much ammonium nitrate is formed; and 
E. Divers and T. llaga found that hydroxylamine is produced when nitric acid, 
mixed with a little hydrochloric acid, acts on aluminium, and that the reaction is 
independent of the aluminium chloride in the soln. The action of nitric acid on 
aluminiiun has also been studied by R. Woy, J. W. Richards, H. E. Roscoe, 

A, Quartaroli, A. J. Hale and H, S. Foster, G. Lunge and E. Schmid, and 
Q. A. le Roy. In general, cold dil. and cone, nitric acid attacks platinum very slowly, 
for the metal becomes passive under the action of this acid. The cone, acid attacks 
aluminium violently at 100°. P. Pascal and co-workers found that the presence of 
sulphuric acid facilitates the action of nitric acid on aluminium, and the presence of 
ammonium nitrate also favours the attack; but nitric acid alone at any eonc. does 
not seriously attack the metal. J. W. Mallet found that purified aluminium is 
not so readily attacked as the impure metal. 

R. Seligman and P. Williams have overhauled the various statements regarding 
the effect <of nitric acid and found that the most important condition affecting the 
rate of dissolution of aluminium in nitric acid is temp.. Fig. 29. Over a considerable 
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range of temp, an increase of 10° C. is sufficient to inctcape the rate of dissolution by 
100 per cent. The practical importance of this factor, to which no reference hiis 
heretofore been made, is very great. The life of aluminium vessida used for the 
storage or transport of nitric acid can be greatly increased where it is poadble to 
keep the temp. down. Ne.xt to temp., cone. pla_vs 
the most jirominent part in determining the rate 
of dissolution of aluminium in nitric acid. Fig. 21). 

The most active solvents are mixtures containing 
between 20 per cent, and 40 per cent, by volume 
of nitric acid of 1'42 sp. gr., whilst on the other 
hand some acids made from atmospheric nitrogen, 
and containing 94 7 per cent, of true nitric acid, 
were found to be abnost without effect on alu¬ 
minium. A sample of the metal suspended in 
this acid for 71 days lost only 0 0004 grm., eij. to 
a rate of dissolution of O'Clb mgrm. of aluminium 
per 100 sq. cm. per 24 hours. The extreme 
inactivity of acid of this strength is held to 
account for the great success which has attended 
the use of aluminium transport vessels by the 
Norwegian makers of nitric acid. Contrary to the 
statement made by A. Trillat, the |)re8ence of up to 
0 05 per cent, chlorine in nitric acid was not found 
to affect the rate of attack of the latter upon aluniimuin. Siniilarly, toi acceleration 
couhl be noted on the addition of up to 0 01 per cent. of iodine. Un the other hand, 
the presence of traces of sulphuric acid was found to promote the rate of attack, 
t)'04 per cent, of .sulphuric acid being suflicient to raise flic rate of dissolaliim from 
36 to 62 ingrms. i>er 100 sq. cuts, per 24 brs. The taie of attaek is inereaseil liy the 
presence of the lower oxides of nitrogen. If the aeid be kept free from sueb lower 
oxides the rate of attack on aluminium ran be redured considerably. The citoct 
of the oxides of nitrogen produced by the interaction of nitric acid and aluminium 
in stimnlating the attack is held to account for the fact often observed in practice 
that dissolution is most rapid in crevices or corners where the acid cannot circiilalo 
freely and where such products therefore accumulate. The I'ffect of the i>hysieal 
state of the aluminium is considerable, the mclal being attacked very much iitorc 
readily when amorphous than when crystalline. 'I’hc observation has been made 
that a partial change to the more resistant form i.s brought about by exposure for a 
few hours to a temp, of 125°, but that by a longer expo.sure to this temp, the metrd 
loses its comparative immunity from attack. A similar change to the more rc.sistant 
form has been observed to commence at a temp, as low as lfKI°. Moreover, it has 
also been noticed that metal which has been freshly annealed at .540° is more resistant 
to attack than metal which has been allowed to stand for about ten days after anneal¬ 
ing. The composition of the metal is of very much smaller imiiortancc than has 
heretofore been assumed to be the case. Nevertheless, the purer metal is generally 
the most resistant to the attack of nitric acid. The statement by 0. Giittmann that 
a mixture of nitric and sulphuric acids attacks aluminium less readily than the 
acids alone'is erroneous. The attack by nitric acid on aluminium of high quality 
is quite uniform and no instance of local action or pitting was observed. 

H. Fonzes-Diacon, and C. Matignon prepared aluminium phosphide by igniting 
with a piece of magnesium wire a mixture of red pbosphonu and aluminium; 
L. Losaua studied the action of less than 01 per cent, of phosphorus on the properties 
of aluminium. H. Fonzes-Diacon and 0. Matignon showed that a heated mixture 
of aTMnic and aluminium gave the arsenide; and the antimonide was obtained 
from a mixture of aluminium, antunongt sodium peroxide. Q. A. Hansuri 
found that with arsenic a compound AljAsj, aluminium ditrilartenide, is formed, 
B. Keinitzer and H. Goldschmidt found pbi^iioiTl cWoride acts on aluminium 
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mnnlarly to wtiat it iIoor on nia"nosiuin and zinc, forming phospliorus trichloride. 
uUiniiinnui uivtaphof^ifUnU' afid ch/oridc. /)iioiij)horic aiiliydride, pyrophosphoryl 
chlorido, and a iittJc j)li(f.spiioru.s snhoxidc; H. Goldsclujiidt re])resented the 
action of phosphorus pentachloride on uluniinium, 2AI f3PCIi-^2AlCl3-f3PCI;,. 
(-. JWatig/KJn found flint aliiniininin jiowder burns in the vapours of phosjdiorus, 
antimony and arsenic chlorides. According to G. A. Maack, an aq. soln. of arsenious 
oxide is not r-hangcd by aluniiniiini; an acid sobi. gives arsenic and arsine; and 
an nlkaliiu' sohi., arHonic --for aimnonhim arsenate, ne'e supm. According to 
0. HuiJ and K. Staib, with arsenic trichloride, the reaction is symbolized : 3AsCJg 
-| 3A1- ^AlClyj-AlAsjClg. Antimony is immediately precipitated from a soln. 
of an alkali antimonite; tviili a Jiydrocldoric acid soln. of antimony trichloride, 
stibinc is evolved ; and an aq. soln. of potassium antimony tartrate is not decom- 
]K»s(‘d. l)il. or cone, phosphoric acid attacks aluminium with the development of 
liyflrogeii- P. Winteler said with the scjiaration of jdiosphorus, but W. Smith denied 
this, 

For the action of aluminium on boron, vide aluminium boride. If. Moissan® 
found lliftl aluminium reacts with boron sulphide at a rod heat forming aluminium 
sulphide and fairide. A. hubluTt and M. Roschcr found that aluminium foil() (K)l 
in. thick is diH.solv»'d in 'I days by a -1 per cent. soln. of boriC acid ; and 0. Lunge and 
E. Sebniid found that a similar soln. diss(tlv<‘d 2i»‘r) ingrnis. of sheet aluminium p(‘r s(j. 
metre perday at4miinary (emji. C. and A. Tissier, II 8t. 0. Deville, andff. IL Railey 
bmtui the corrosive actiem of goln. of boric acid is negligibly small. K. Wohler found 
that melted borates are re(luce4i to boron by aluminium at a liigii temp. 11. Ht. 
Deville showed that if aluminium he melted under borax, some aluminium borate is 
formed lienee borate slags rapidly corrode the metal. H. St. (I. Deville. and J. W. 
Mallet noted that aluminium unites with carbon ; and H. Mois.san obtained a carbide 
by heating aluminium powdt r with lampblack. J. W. Mallet, and L. Franck found 
that carbon monoxide is reduced by heated aluminium, forming alumina and carbon 
• A. Guntz ainl A. Masson .said iiliiniinimn carbide is formed at the same time: 
OAI [ 3('() Alj(‘a-| ALttj. (1. ||. Ilaileysaidthecorrosive action of carbon monoxide 
or dioxide at ordinary temp, is negligibly small. At ordinary temp., N. Wonder 
also found dry carbon dioxidc to be without action on aluminium, ami with the moist 
gas the action is paw; itvfu'dcufvfid. D. Kramk* represented the reaction with drv 
carhon dioxide, (Al |■3('<E 2Ako., j K. Ikumierfoiind that aluminium jmwder 
biifns vigonuisly whmi heated in an atm. of carlxui tlioxide, and graphitii; carhon is 
binned. According to A, (Jiintz and A. Mas.son. the action is greativ accelerated if 
a li^lle io<line or alnmitniim chlorule or iodide vapour be mixed with the carbon 
monoxide or dioxide. Aceordiiig to A. Rrocln.'t and J. IVtit, aluminium is rapidly 
attacked by soln, of potassium cyanide oven in the cold. Kor the action of carbonyl 
ohloride" ■ vidv nluminium chloride. Jj. Iliigounenq found that 92 per cent, alcohol 
attacks aluminium evi-ii less than doe.s water; the attack is accelerated in contact 
with other metals very little hy eadmium : more by chromium or cobalt; still 
more by platinum, tin, gold, silver, brass, and mercury; and quickest of all by 
co|»f>er, lend, bismuth, iron, zinc, and nickel. According to R. Seligman and 
P. Williams, dry fatty acids- e.p. a mixture of stearic. ]>alinitic, and oleic acids 
— dry alcohols ijj. methyl, ethyl, butyl, amyl, and benzyl alcohols—and dry 
phenol, cresol. and a- and ^-najihthols rapidly attack aluminium at the b.p. ot 
the organic compound, but if a small amount of water be present, the reaction is 
inhibited, or if it has already commenced, it is at once inhibited. It is assumed that 
the metal is nonually protected by the film which covers it, but this film breaks down 
when exposed to the attack of the dehydrated substances considered. The presence 
of even the minutest traces of water is sufficient to inhibit the attack, owing either 
to the fact that the salts, peroxides, or alkvioxidea, as th«“ case may be, arc 
immediately decomposetl by water, aluminium hydroxide being formed, or because 
the aluminium exposed by the breakdown of the film is immediately r»*oxulized by 
water. CT. Lunge and E. Schmiddnvestigated the effect of various alcoholic liquids 
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on ainminium- with 50 per cent, alcohol, th<‘ rate of di«Koiution is I0'2 nHltij»rainH 
per Hfj. nietrt* [kt day. ('. Mali^iuni alst) burnt ahuniniuni powder in carbon 
monoxide and dioxide; la* also found that aluminium burns in the vapour of forniic 
acid, SlIC'OOU-1-4AI 2AbO,i I i-it’. IL Seliyman and 1’. Williams fomul 
that a 77 per cent. a(|. soln. rapidly attacks aluminium, un<l a crystalline formate 
is produced. A. LublsTt and M. Ho.scIht bnind that aluminium foil tcOtO in. 
thick was completely dissolved by four days' immersion in 1, 5, and ll) ])cr cent, 
fioln. of formic and acetic acids ; but rc.sults with foil d<» lud reprcsmit the rorntsion 
of heavier sheet metal, and C». Lunjje and K. Schinhl fourul that 1 and 5 p(T cent, 
soln. of acetic acid dissolved resjiectivt^ly 7d 0 an<l Gl’2 inarms, of aluminium per s<(. 
metre per day at ordinary temp. Aeconlin*' to C. Matiirmui, iilmuinimn <h)cs not 
burn in the vapour of ackic acid. 11. 8t. C. Ueville said that the action of un-tic 
acid, diluted to the cone of the stron;'«‘st vinegar, on aluminium is inappreciahh- or is 
extremely slow. A. Ditto assumed that if the pr(*tective tiim of liydroyeu he removed 
hv mechanical mean.s, or if the action takes place in vacuo, aluminium is readily 
dissolved hy acetic aciil. K. llecrcn found that acetic aiid dissolves aluminium in 
tin* cold, niun* rapidly wlion la-afed, and hydio;^(’i» is evolved. W. Smith found that 
the solvent action is small, and. as If. St. ('. Dcvilh* also showed, the action is much 
hastened if a little sodium chlorule lie jm'scuit. Aecordin;; to K. S«‘li;iman ami 
L*. Williams, the rate's of soln. of an-tie acid of iliffen'nt cone, expressed in mejmis. 
of aluminium elis.solved pe-r ItKi s(| eiiis. in 21 hrs. a( boiling (e'mp . are : 

IVi-cent, and . . UllUO so oil 10 20 C> 1 0-2 

Ualos..ln . 7 Kn 2llo -110 o:i:t r.s2 Ulo 1200 770 

The attack by cold acetic a<-ul is small, and tin* rate' of dissi>lu1ion imTcases with 
inen'asing dilution until the aehl has a eemc. of om- per e<ml.;. tin*y found that with 
cold aciil (2t) ); 

Pn-f.'Mt. and . . U!e2 US Uo To 25 lo 1 O-f. 

Kate* soln otio not 0-2U 0 lio on.') 0*10 os.'» I loo I \ 

ami with the coM acid of still low<‘r cone,, tin* rail* of soln. rose to a maximum 5 20 
with OH’i per cent, acid ; and f«ll t«> 1 1)0 with 0 001 per c(*nl. acnl. 'Pin* immunity 
of aluminium t<t ordinary cone, acetic achl is explaiiieil by tin* formation of a 
continuous Him of an insedubh* Gelatinous l>asic acetate or oxide on tin* siirfun* of tin* 
metal. Tin* attack with tin* boilino a< hi is tiniform ; local ai tion lias heeii ob.sc/vcd 
with the cold acid, and is proiluccd by oxygen. With cold achl, too, tin* pre.sem'c of 
oxygen promote's the reaction, for tin* spi'cd is reduced to h*ss than half if tin* 
oxygen atm. he replaced by one of hydrogen : with neeli<* acid of higher lone., the 
presence of oxygen was found to exert a retarding influence on the rate of dis¬ 
solution. At the boiling temp., the oxygen is rapidly remove<l in tin* course* of 
ebullition. While* the rate of actieui with tlie HI) per cent, acid is but eme-teuitli 
that eif the 90 p<*r cent, acid, extraordinary to relate, the removal of the last trace 
of wate'f from ac<*tie acid raises the speed a liundre‘el-fold ; ami eonveerse*ly, the 
adelitiou e)f O'Of) jht cent, of water to a eorrewive* achl stops the actiem. 

A. l)itt«*, ami P. De*gener fourn! that acetic acid first forms a layer of hyelroge-n <m 
the* metal, and later on, a laye*r of hyelroxieh* is forme*d. This is di.sKe)ive‘d if an 
c.Ikali or alkaline e'arth halide be pre'se'nt, and he’iiee those* salts ha.st<*n the attack, 
K. U. Hodge.s ma<le some ob.servation.s on the* sedubility of aeeth* acid, and Hhowei) 
that in the presence of hydrogen jieroxide* the activity eef the acid iHgreatlyaugme*nted. 
He aelded that air or oxygen is necessary for the* reaction, showing that the* oxida¬ 
tion of the metal mu.st precede, the production of the acetate. M. Bailand found . 
that the action of vinegar is so slight as not to prevent the use of aluminium 
for cooking vessels. R. Seligman and P. Williams also found tliat with dil. acetic 
acid of about 10 per cent, cone., the addition of up to I per cent, of s<Mliuin chloride, 
potassium bromide, pota^ium iodide, or potassium nitrate has practically no effect 
in the case of boiling acid, whereas an cq. amount of sodium sulphato raises the rate 
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of dissolution appreciably. In cold 10 per cent, acetic acid, however, 1 per cent, 
of sodium chloride is sufficient to raise the rate of dissolution tenfold, whereas 
potassium bromide elFccts a much smaller increase in the rate of attack, and potassium 
iodide and polassium nitrate none at all. 05 per cent, of sulphuric acid in the form 
of sodium su)/)hafe rai.scs the rate of dissolution fourfold in the case of dil. acid at 
normal tejwp, H'ith acids of aboutper cent. cone, in the cold, I percent of sodium 
chloride was found to raise the rate of dissolution from 3*6 to 270 mgrms. of aluminium 
dis-solved per hundred sq. crn.s. per 24 hours. The same amounts of potassium 
broijiide and potas.sium iodide increase the rate of dissolution approximately tenfold, 
hut 0*5 per cent, of .sulphuric acid in the form of sodium sulphate cannot be said 
t(» have any offoct on the rate of attack by 80 per cent, acid in the cold, and potassium 
nitrate reduces the rate of dissolution to one-fourth of its previous value. The most 
.serious effect of the addition of tlie substances experimented with was noted in the 
cose of 80 p(‘r cent, acid ut b.]). Here the rate of dissolution is raised by 1 per cent, 
of sodium chloride from 2fK) to 1(),0(K). By 1 per cent, of potassium bromide the rate 
is only increased from 290 to 18.5, whilst potassium iodide and potassium nitrate 
may be saiil to have no elTcct; 0*5 jier cent, of sulphuric acid in the form of sodium 
sulphate .sonu-what increases tlie rate of dissolution. The effect of the addition of 
chlorides to acetic acid is far greater than that of the addition of bromides or iodides. 
This is due to the greater activity of the liberated acid. Potassium iodide, has very 
little effect with hot acetic acid, but with the cold acid, the attack depends on the 
liberation of iodine. If the iodine be removed, the rate of attack falls to that of the 
acid alone ; with tlie boiling acid the iodine is volatilized. 

H. Solijituftti and T. Willianm found that tho acHon of eoiic. proplooio 8Cid, and of butyric 
acid is ontiw'ly unaloi'oim to that of aot'ti4! acid. T. H. Eastorfiold and C. M. Taylor 
f<nmd that above 300°, alurniiiiuin is aftackod by stcarlC acid producing tbo corresponding 
kototiP, Hloanmo, l)y tho alutniniiim Htoarate originally formed. R. Seligman and P. Willianuj 
found that with a luixluro of C)!* per <'on(. palmitic add, 40 per cent, stearic acid, and 6 per 
cent, oldc acid, no action occurred when heated for 0 Iirs. below 270®, but tho metal was 
attacked o<'c<wionally nt tetnp. between 270° and 1100°. Above 300®, attack invariably took 
jdace ami, once starte'il, continued jf the heating M’oro stopped until the temp, htwl fallen 
iw low ns 100®. Tlie form of attack is viwy similar to that of butyric acid, although far more 
rapid. When tlie at-iil was la'afed in a current of dry hydrogen, it was found lliat the attack 
.stjytixl fw knv as 200®. 

_ A. Taddiert aiul M. Koschor found that 10 |M'r cent. soln. of palmitic acid, or stearic 
acid, or pure olei<‘ acid dia-wlve aluminium foil O’OOl in. thick in 4 days. They also obtained 
Hinular results with 1, 5, and 10 jior cent. soln. of lactic add, tartaric add, citric acid, and 
phenol, E. il. Hodges said that a cold cone. soln. of tartaric or citric acid does not attack 
nUiininiuin. (J. Lunge and E. Hchmid found a 5 per cent. soln. of lactic acid dissolves from 
shot't aluiinniuin 79T> mgrms. of aluminium per wp metro jier day at ordinary temp., and 
that with l and 6 jiorcent stiln. of tartaric juul citric acids, and phenol the amounts dissolved 
are resjHM'lively 43-0 and 28‘2, 31’7 and 35'8, and 8*2 and 3*8 ; while with a t>*25 jior cent. 
Holn. of salicylic add. li'o-8 is dissolved. A. Ditto made similar observations with respect 
to citric, oxalic, tartaric, and other acids os those ho made with acetic acid. A. Lnbbert 
wd M. Koscher found that thin aluminium foil, 0*001 in. thick, is dissolved by two days’ 
immersion in a 2 jx'r cent. soln. of gallic add, or in 1, 0, and 10 per cent. soln. of oxalic 
add. K. E. Mathieu-Plcssy found on aq. soln. of oxalic acid attacks aluminium at 200®. 
E. H. Hotlges found that a cold sat. soln. of oxalic acid attacks aluminium slowly, while 
H hot soln. acta more quickly; the speed slackens at 57®, and below 30* the action is very 
slow. A. Ditto alsostudkxi the effect of oxalic, tartaric and citric acids, and foimd that the 
metal is attacked at tho first moment of contact which covers tho surface of tho metal 
with a layer of hydrogen, and that later on the metal is covcretl with a film of hydroxide 
which is gradually dis.solved if alkali or alkaline earth halides be present, and hence these 
salts liasten the attack. H. Degener obtained similar results. A. Benedicenii and 
S. RebellO'Alvos found that aUuninium combines with protein compounds when the two 
are shaken together. A. Lubbert and M. Roscher studied the action of red and white 
coffee, and tea ; M. Balland, wine, beer, cider, coffee, milk, oil, butter, fat, urine, ealiva, 
and damp earth ; O. Rupp, various kinds of liquid and solid foods; and Q. Lunge and 
£, Schmid, claret, hock, brandy, lieer, tea,-and coffee. The latter said the action of coffee, 
tea, and beer is practically aero. D. Klein and A. Berg said that aluminium is not attacked 
by soln. of eugar. K. Vr. Charitschkoff found that ^uminium is superior to copper, and 
equal to iron, in its power of resisting Uio action of petroleum products. J. W. Hichmtls ’• 
made some observations on the corrosive effects of organic secretions, saliva, and per. 
spiration. , 
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Kuroerolu other obaervstionB have been reported on the action of food Htuffa, etc., 
on aluminium cooking and domestic iitensila. Tlie general resulta sliow that only snmii 
traces are dissolved, and, as (>. Lunge and R, K. Schmidt said: “ Thom is no danger of any 
injurious effwt on the human ImkIj- mn'ing that the fi>od itself cuntaina iimoh more than ih 
dissolved, in fact they could not act injuriously unless (|uantitieH huiulmls of times larger 
were regularly imlcring the stomach/’ H. St. C. Duville’* also said that the |H)ssihle 
compounds which aluminium can form with the materials useit daim h cuiAiiie »ont </'aac 
innoctiUi alteolue. The Lancet (1913) also conehuli'd that “any suspicion that atuminiuin 
may communicate poisonous qualities to food in the jiroccss of cooking may Ix' safely 
dismissed.” ITie dark stains soinctimes produccii on aluinmiuiu were fouml by 
C. K. Tinkler and H. Masters to Ik* produced by a ferruginous impurity. 

According to K. Vigouroux, silicon does not unite witli aluniiniiini when the 
two elements are heated together, but it a third element be presi'tit a mixi'd siiicide 
is formed (i/.u.); F. E. Weston and II. R. Ellis (^oukl not make tin* siiicide by lu'ating 
aluminium powder with sUiCA; in all cases silicon is fornn'd. Acconling t-o 
E. Vigouroux, the reduction occurs at 8()0"’. ('. Friedel and L. Roux found that 
silicon tetrachloride acts on aluminium at a red heat, fornung free silicon and 
ahiminium chloride. By treating sodium fluosilicate with an exi i'ss of aluminium, 
A. Paez made silicon-aluminium alloys, and by replacing silicon in the complex 
fluoride by boron, l)cryllitim, scandium, lanthauiuni, zirconium, iron, cobalt, 
nickel, copper, and vanadium, corresponding alloy.s were formeiJ. (i. Ranter sai<l 
the reaction begins at 360'^-37(f. E. Kohn-Abre.st found that when alumininm is 
heated in a porcelain boat at in vacuo, a yellow film of aluminium siiicide is 
formed. Aluminium vapour attack.s porcelain liberating silicon, which is absorbed 
by the molten aluminium. Molten aluminium was found by J). P. Smith to blacken 
glass. A. L. Williams found that, unlike copper, aluminium did not frit with fused 
mica, (a and A. Tissier, H. St. V. Deville, and F. Wohler found that glass and 
silicates generally are reduced to silicon by molten aluminium at a high tomji. 
Hence silicate slags rapiilly corrode the metal. If the metal be melted in firecl^ 
there is a risk of (contamination ; the silicate in the b(“st plumbago crucibles was 
found by J. W. Richards to increase tlie percentage of silicon in aluminium melted 
therein. H. St. C. Deville found that if aluminium h(i melted in a glass vessel an 
alloy of silicon and aluminium, and an alkali aluminatc are formed. Magnesia-linud 
crucibles or furnace beds can be used satisfactorily for melting aluminium. 

As indicated above, an aep soln. of the alhfth hydroxides is a very activi* solvejit 
for aluminium ; but H. St. C. Deville showed that these remarks do not apply to tlie 
fuse-d hydroxide, which does not attack aluminium; he said: “ A bead of the pure 
metal may be dropped into melted sodium hydroxide, contained in a silver ves.s(‘l, at 
a red heat, without observing the least disengagement of hydrogen.” A. f.’avazzi 
also showed that aluminium is not in the least ailc^oted by fused alkali hydroxide 
provided no extraneous water is present. According to N. N. BeketofT, aluminium 
reacts with potassium hydroxide at high temp.; some potassium is formed and 
volatilized. A. Rossel and L. Frank found that when a mixture of sodium dioxide 
and aluminium powder is exposed to damp air, moisture is absorbed and spontaneous 
inflammation ensues; if the mixture be moistened, a very high temp, is produced. 
The mixture is dangerous and requires handling with care. According to J. W. Mallet, 
calcium, strontium, and barium oxides are partly reduced at a high temp, by 
aluminium and the reduced metals are volatilized. N. N. BeketofI obtained alloys 
of aluminium with up to 33 per cent, barium by heating baryta with an excc^ss of 
aluminium. J. H. T. Aumann found that magnesium o:^ is also partially reduced 
by aluminium. F. E. Weston and H. R. Ellis found that aluminium reduces lime 
when heat is supplied, and that magnesia is not reduced. Both calcium and 
magnesium reduce alumina when the mixture is ignited with a fuse. 

C. and A. Tissier 12 first noted the reduction of the metal oxidw by aluminium; 
they did not succeed in reducing zinc or manganese oxide in this way ; but they 
reduced iron oxide, forming an iron-aluminium alloy ; there was a strong t^xplosion 
with copper oxide, and with lead oxide, 50 gnus., and aluminiym foil, 2 9 grins., the 
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cruciblr was broken to pieo<'s and the doors of the furnace blown off. Aluminium 
oxide has a very fii^'h heat of fomiation-about 131'2 Cals., and this is equal to or 
Hlightlv hiwer (liairthe heats of formation of the oxides of calcium, strontium, 
lithium, and magnesium, but lar#;er than the heats of formation of sodium, potassium, 
ruhidium, silicon, horon, and most of the otlier metal oxides. Hence, unless these 
inaifnit tides alter adversidy with ri.se of ttmip. it would be anticipated that aluminium 
woiiU reduce the metal oxides at Jii^di tern]). ^^oI^e such hypothesis guided 
II; tioldsehmidf, who found that the oxides of Hie alkalies and alkaline earths are 
reduced with dillieiilty by aluminium, but practically all the other metal oxides are 
reduced by heatin^Mliem with aluminium powder, and he obtained either the metal, 
or an alloy of tlie metal, with aluminium, from the oxides of chromium, manganese, 
iron, copper, titanium, boron, tungsten, molybdenum, nickel, cobalt, zirconium, 
vanadium, niobium, tantalum, cerium, thorium, barium, calcium, sodium, potas¬ 
sium, lead, and tin. lie .said : 

In a Ihcrmilo ivaetion, ii metallic eompouml in roiloeed hy one of several metals or 
rnctallie alloys in sueli a way lliet when (lie inixtmo is ignitid at one plaee, the reaction 
ennlimu's ot its ow'ii aieorcl, so that umho- <-ompleto oxidation of the n-dueiiiK element, 
a fluid nla>r is foimed, while tlie redueeil metal is ohlained as a homot'oneous uniform rej{uliis ; 
if tlu' oxide IS useil in exeess, tlie redueisl metal is free, or [iraetically frei‘, from tin- <'l(‘nH‘nt 
used as a redueinn afrent. 

The solid oxide is intimately mixed with rather less than an e(^. quantity of 
granulated aliiniiniuni, and is jtlaced in a crucible lined with magnesia. Owing to 
tlie higli ignition temp, of the mixture, the reaction is started either by burning 
magm*siuni, or by t he ai<l of a Hp<‘ciul ignition ))owder a mixture of barium dioxide 
ami aluminium which is placinl on to)) of tlie mixture of oxidi' and aluininiuin, 
ami lighted with a matcli. When the reaction lias been started in one spot it is 
protiagated throughout the muss wltli great rapidity. So much heat is generated 
that tlie reduced metal is melted. Uialuetious of this typo are called thermite 
reactions, or aluminothermic reactions. In thesi' reactions tlx- lu-at is develoiied 
with great ra[)idity, and the local rise of temp, is very great- estimated in .some 
cases to be 31KM)' in 1)0 secs. The system may be likened to a furnace from wbicli 
gaseous produets are. not i-volved, ami in wbieli metals themselves are u.sed as fuel. 
The process is employed for the production of carbon-free metals or alloys like 
elqoinium, inangane.se, molylxlenuin. ferro-tItanium, ferro-vanadiuin, ferro-boron, 
eupro-uuuiganese, etc. A mixture of finely divided aluminium with ferric oxiile 
(or the oxi<ie of some other metal), ap|»roximating to 2 Al-khV 20 :j, is .sold under the 
registered name fhmmt, and it is usi-d in joining or welding iron and steel rails, pipes, 
etc., and in repairing fraetured parts of machinery- engine frames, erank-shafts, 
etc. The process has been ileseribed by W. 11. Wald, K. Stiitz, etc. A suitable 
mould IS titled round the part to be rejiaired, and molten iron produced by the thermit 
reaction is allowed to How into the place where the joint is to be made. A. Coiani, 
C. Matignon, It. 'rraunoy, and H. Fonzes-Diaeon jirepared phosphides, arsenides, 
silicides, and borides by simultaneously reducing two oxides by the thermite reaction. 
H. Moissan, E. We<lekiud. A. Stavi-nhagen and E. Schuebard, etc., have prepared 
aluminium alloys by this process. W. H. Greene and W. H. Wahl dissolved the 
metal oxide in cryolite and reduced it to the metal by moans of aluminium. 

H. Goldschmidt also showed that other compounds can be reduced by aluminium 
powder for example, the metal sulphides are more (easily reduced than the oxides, 
as might be anticipated from the smaller heat of formation. The heats of forma¬ 
tion of 2 ino. magnesium, manganese, potassium, sodium, strontium, and calcium sul¬ 
phides are greater than this, cadmium, iron, etc., less. H. Ditz examined the process 
with iron sulphides. The metal sulphates re.act more vigorously than the sulphides, 
and (k Matignon said that mixtures of the sulphates and aluminium powder are 
often more explosive than with the nitrates. 0. and A. Tissier, for instance, found 
that a violent explosion occurs w'hen potassium and sodium sulphates are melted 
with aluminium. A, Rossel and L. Frank found that the reduction of hanum 
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sulphate ami of calcium sulphate atton(l<Mi by a violent explosion ; some sulphur 
is formed. F. Faktor reduced SOdium thi(^ulphate by heating it with aluminium, 
and obtained aluminium sulphide. (’. Mati^non buind that the metal Chlorides are 
not suitable for reduction by aluminium oiuuHuiunt (d their volatility. A. Hossel 
and li. Krank reduced sodium ehloruh* with iduminium, and they obtained some 
chlorine in the reaction with chromic chloride. The ('hemische Kalirik (Irieslu'im 
Elektron reiluced potassium fluoride with aluminium: GKK i A1 .'IK | K;^.\IKn. 
Aecordinp; to J. \V. Eichards, when fluorspar i.s melted it gives <dT a little hydro* 
fluoric acid va))our. produced by a reaction with the hygroscopic moisture, fliis 
forms a little aluminium Huoride ; otherwise, the imilten tluoride lias no action on 
aluminium. Hi* also stat<*d that cryolite attacks finely <Iivided aluminium at a 
temp, exceeding llfHt' with the possible formation of a siiblluonde ; but tlu* metal 
CH masse is not attackeif. When aluminium powder is fused with silver Chloride, 
a silver-aluniiiiium alloy is forrneil, and when the vapour of mercurous chloride is 
passed over heated aluminium, mercury and aliirinnium chloride are volatilixed, 
and the alumimiim is melted by the heat of the reaetioii. ('. and A. 'Pissier foiiml 
that potassium carbonate is less vigorously reiluced by aluminium than the siilpliute, 
some carbon and alkali a!uininat<‘ lieing formed. There was no detlagration. Ae<“i»rd- 
iug to.J. W. .Mallet, if a mixtun* of almmmum and ilry sodium carbonate bi' heated 
in a carlKiii or lime erueiblr, or in a graphite erueiiile lim-d with lam]»hla< k, sodium 
is f<»rmed and volalili/.ed. and there remains a regulus of aluminium, erystals of 
alumina, aluminium nitride, and carbon It is assiinuMl llial earb<m is separati'd 
ami sodium aluininate is lirst formed, and the latter is tlnm reduced by more 
aluminium. The eorro.sion and pitting of aluminium when cleaned with soda soln. 
is eliminati'd by ailding enough sodium silicate to eombiiie with the calcium in the 
wateram! form a ])rotective coating of aluminium .silicate on the metal. iMixiun's 
of sodium earhonale and silicate are sold under the trade names eaihostl, juatl dasl, 
ami (iijiuimol for cleaning aluminium \ess(‘ls. .\. Kohng .studied tlie protective 
acrion of sodium silicate on aliimimum against attack hy soln. of sodniin liydroxide 
ami earboiiute. 

II. 8 t. Devillo .said that aliiininiuin can he fus('d with potassium nitrate without 
the least change, even at a reil lu'at. If tin* temp he high enough to decoinposi* the 
nitre, the metal forms jiotassiiim alimnnale with the liherated potassium o.xide, 
jiiirt the r<*aetion is sometimes aeeompanied by dejiagratioii. Alununium is purifu'd 
by fusion with nitre in an iron crueihle, Imt if the fusion he comiueled m u Hreefay 
erucilile. alimiiniiim .siheide is formed, ami tins is readily oxidi/.ed liy the alkalies. 
S. Mierzinsky found that nitre at a red heat o.xidizes jiowdered uluminium, and a Idiie 
flame is produced. Nitre is .sometimes used as an ingredient in aluminium flash¬ 
light pow<lers. According to (r. lioth.a mixture id alummiuin powder ami ammonium 
nitrate can he used as an explosive; the reaction is syinlioHzeil ’ 1 NII 4 N ()34 2AI 
--.INo f fllLO I AUO 3 . A number of explosives in which ammonium nitrate ami 
aluminium are mixed with carbon, hydroearbons, with or without oxidizing ag<*nts, 
baa been described by (’. E. Biehel, H. von Dahmen, etc.— e.g. ammoml. and 
A. Ti.s.sier observed no change wlien a mixture of calcium phosphate and aluininiimi 
foil is heated t^ whiteness. A. Kossel and L. Frank fouml that many phosp]iaie.s • 
e.ff. ammonium sodium hydrophosplmte, sodium metaphosphate, bone meal, 
phosphorite, and magnesium pyrophosphate -can be heated with aluminium 
with the formation of aluminium phosphid<*, alumina, and an alurninate, and 
some phosphorus is volatilized. If silica be simultaneously present, the whole of 
the phosphorus is volatilized: GNaPOad-lOAl+.'JHiOj, flNai;Si 03 H- 5 Al./) 3 d flK 
According to A. Duboin, a mixture of 3 mols of normal calcium phoHjdiale with 
8 gram-atoms of aluminium burns with a brilliant flame in air or in an atm. 
of hydrogen, and when the product of the reaction is treated with water, some 
phosphine is set free. 

According to H. St. 0. DevilleA=* the action of aluminium on any sajt can be 
readily deduced from the’action of the metal 011 th(‘ corresponding acid of the salt. 
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Hftncc, it couM ho predicted that in general aiununiuni will precipitate no metal, 
not oven silver, from aeid soln. of the sulphates and nitrates, and this is in agreement 
with K, Wohh'i '.s oliservations; hut, as C. and A. Tissier have shown, metals may 
he prceijiitated fruiii Ijydrochlorie acid soln. Likewise, in alkaline soln., silver, 
lead, anil (lie niore electrojiositive elements will be precipitated. According to 
(1. A. .Vlaaek, lli<! preei()itation of metals from soln. of their salts by aluminium 
is usually cuBii'st in alkaline or ainmoniacal soln., less easy in acid soln., and most 
ilillicult in neutral .soln. Soln. of nitrates are decomposed with the greatest 
difficulty, and soln. of the chlorides are decomposed most easily; and the addition 
of an alkali chloride to the nitrate soln. facilitates the reduction. The metallic 
prcci|)itntion is generally accompanied by the evolution of hydrogen. C. For- 
luiuili anil M. (1. Levi inve.stigated the reduction of salts of gold, platinum, 
palludiuin, cadmium, lead, tin, beryllium, cerium, niobium, thorium, zirconium, 
ehrmuium, uranium, thallium, zinc, iron, manganese, mercury, antimony, arsenic, 
bismuth, silver, copper, cobalt, nickel, silicon, and boron by aluminium. In many 
cases, the aluminium docs not completely replace the metal which is contained in 
the salt, and the reduced metal is often mixed with more or less aluminium, forming 
an alloy. In other cases, the metal which first separates subsequently forms a basic 
salt or is oxidized. The reduction of metallic chlorides takes place the more readily 
the greater the ililfereuce between the heat of formation of aluminium chloride and 
that of the, metallic chloride, and this is also the case with other salts. 

The above, statements arc illustrated by the action oi aluminium on cupric 
salts. According 1o (!. A. Maack, neither a cold nor a hot soln. of copper nitrate 
is reduced by aluminium except in the jiresence of free aeid or an alkali. S. Mier 
zinaky said that a green basic salt is obtained from the nitrate. G. A. Maack found 
that a dil. aq. soln. of cupric sulphate is slowly reduced in the cold, anilS. Mierzinsky 
obtained dendrites or octahedra after the mixture had stood two days. G. A. Maack 
observed that the precipitation is accelerated if sulphuric acid, ammonium or 
sodium chloride, or sugar he present, and if a drop of potassium hydroxide be added, 
a dark red precipitate begiivs to form immediately. An ainmoniacal soln. of cupric 
sulphate is not precipitated by aluminium ; copper is immediately precipitated from 
a,soln. of cupric chloride, hut some hours are required with a soln. of cupric acetate. 
A. ('ossa, and N, Tarugi applied the reducing power of aluminium on cupric salts 
tiGhe quantitative determination of copper. With silver salts, G. A. Maack observed 
that aluminium precipitates the metal from a soln. of silver sulphate; F. Wohler 
and 0. A. Maack, from ammoniacal silver oxide ; and A. Cossa, from silver chloride. 
H. Mierzinsky found that with a feebly acid or neutral soln. of silver nitrate the metal 
is precipitated in dendrites after standing about (1 hrs. A. Cossa, G. A. Maack, 
N. Tarugi, and 0. H. Hirzid made similar observations; according to J. B. Senderens, 
aluminium hydroxide and nitric oxide are formed; S. Mierzinsky found that 
aluininium precipitates silver as a crystalline powder from an ammoniacal soln. 
of silver chloride, or chromate. F. Wohler noted that aluminium in contact with 
zinc reduces a silver nitrate soln. so long as the two metals are in contact. Aluminium 
rapidly reduces gold from soln. of gold salts. C. Moldenhaucr found that with an 
aq. soln. of potassium oyanoaurate; OKAuCyj+6KOH+2Al=6Au+12KCy 
d-AljOs+SlIjO. C. H. Crowe studied the action of normal soln. of chlorides, 
sulphates, and nitrates of the sodium, potassium, and magnesium on aluminium. 

According to J . Margottet, all metal chlorides excepting those of potassium and 
sodium are reduced from their aq. soln., but this statement cannot include the 
chloride of the other alkali metals, and those of the metals of the alkaline earths, 
or the BUgntsium salts. Soln. of aluminium salts give aluminium hydroxide when 
treated with magnesium. G. A. Maack found that soln. of zinc salts— chloride, 
nitrate, or sulphate — arc scarcely changed by aluminium, but both he and A. Cossa 
precipitated zinc from an alkaline soln. of zinc salts—hydrogen is at the same time 
evolved., 6. A. Maack found that cadmium is slowly and partially precipitated 
by aluminium from fiu ammoniacal soln. of cadmium salts ; aq. soln. of cadmium 
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chloride are completely reduced ; soln. of cadmium suljihate are scarcely altecP’d ; 
and aluminium has no action on soln. of cadmium nitrate. According to S. Mier- 
zinsky, mercuioas salts are reduced by aluminium; fur instance, an alcoholic soln. 
of mercurous chloride deposits mercury and this more (juickly if the soln. be heated ; 
and a soln. of mercurous and potassium iodides is similarly reduced. Aluminium 
decomposes soln. of the mercuric salts —chloride, cyanide, and nitrate: and also, 
according to G. A. Maack, the sulphate, potassium mercuric sulphide, nitrate at 
50°-60'’; or, according to A. Cossa, potassium mercuric iodide, and an alcoholic 
soln. of the chloride. In each ease, the separated mercury forms aluminium 
amalgam, which then attacks the water, forming aluminium hydroxide and mercury. 
K. Varet found that with mercuric cyanide dissolved in water-free ammoniaeal 
alcohol, a double salt of mercury and aluminium is formed. L. Bernegau studied 
the action of aluminium on the different salts of mercury. By treating a soln. of 
mercuric chloride with aluminium in the presence of water, or other solvent, 
Gche and Co. found that a colloidal mixture of mercurous chloride, aluminium 
oxychloride, ami hydroxide is produced. 

II. Bt. C. Devillo found that aluminium is attacked by soln. of aluminium salts 
with the evolution of hydrogen; and, according to C. Iformenti and M. Levy, 
almuiidum chloride is reduced to a subcldoride. (!. Lemoine found that the quantity 
of hydrogen set free is greater than corresponds with the amount of metid dissolved, 
and therefore inferred that aluminium acts catalytically on the decomposition of 
water. A soln. of alum does not attack the metal, but in the presence of sodium 
chloride the metal is dissolved with the evolution of hydrogen. In neither case 
has the salt any marked action, but the two salts jointly attack the metal severely. 
A. Cossa found that soln. of thallium salts arc rculuced by aluminium. According 
to G. A. Maack, tin salts are reduced by aluminium- soln, of stannous and stannic 
chlorides rapidly, and sodium stannate slowly—K. Whihlcr obtained necdic-liko 
crystals of tin from a soln. of potas.sium stannate. Crystals of lead were found by 
8 . Mierzinsky to be slowly precipitated by aluminium from soln. of lead salts — 
nitrate or acetate; G. A. Maack found a trace of lead was obtained from a soln. of 
lead nitrate after a week’s time; and lead acetate is not alfecteil even if the soln. 
be warmed, i'. Wohler said that no lead is precipitated from neulral or acid soln. 
of lead nitrate, but a lead-tree is obtained from alkaline soln.; some gas is developed 
at the same time. 8. Mierzinsky found aluminium preci|>itates lead and vlironiic 
oxide from an alkaline soln. of lead chromate. A. t^ossa also studied this reaction. 
G. A. Maack found that lead is obtained by leaving lead sulphate for .some time 
in contact with aluminium and sulphuric acid. G. A. Maack found that bismuth 
salts are incompletely reduced by aluminium ; soln. of tungstates and molybdates 
are reduced to blue lower oxides, and uranyl sulphate is likewise reduced. With 
manganese salts and aluminium, G. A. Maack found that the chloride is immediately 
decomposed while the sulphate and nitrate are scarcely, if at all, affected. W. Crookes 
found a boiling soln. of potassium permanganate slowly oxidizes aluminium. 
G. A. Maack found that ferric salts— chloride and sulphate - arc slowly reduced, 
precipitating iron and giving off hydrogen; while potassium terrocyanide and 
(erriesranide give blue precipitates. R. Bbttgcr said that jiotassium ferricyanide 
is not reduced by aluminium. G. A. Maack found that nickel and cobalt chlorides 
are reduced by aluminium, and soln. of the other salts are but slowly changed. Soln. 
of platinum salts are rapidly reduced. A. Korezynsky studied the catalytic action 
of aluminium or its salts on the hydrogenation of aromatic hydrocarbons. 

Some reactions ot analytical inter^— The salts of aluminium have an acid, 
astringent taste, with a slightly sweet flavour, and, unless coloured by the acid radicle, 
they are colourless. The salts are not precipitated by hydrochloric acid, or hydrogen 
sulphide in acid soln ,; aq. ammonia produces a white gelatinous or colloidal pre¬ 
cipitate of aluminium hydroxide which is slightly soluble in the reagent, but is less 
soluble in the presence of ammonium salts. The precipitate is deflocetdated ot 
peptized when the salt* ate removed from the precipitate fby washing; this it 
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prevented by washinj' with u soln. of ammonium chloride or nitrate, freslily pre¬ 
cipitated aluminium hydro.\id« is readily soluble in dil. acid.s, but it is not so easily 
di8s<;lved if it ba.s stood for .some time. F. .Jackson said that the precipitation of 
the hydroxide by amujonia csin be detected in soln. coiitainin/; one part of aluniiniuni 
salt in KtICt) parts of water. A similar precipitation occurs wben potassium or sodium 
hydroxide is added to tin; S(dn. of aluminium salt, but in this case the jmecipitate 
is soluble ill an excess of the reagent owing to tlie prodiii'tion of a soluble alkali 
iilimiiimte, AI(OM);[. J'be addition of a dil. acid to an alkali aluminate first pre¬ 
cipitates aliiminiimi bydroptide, and with a further addition all is dissolved. The 
alimiinates are deeompo.sed liy the addition of ammonium salts. Aluminium 
hydroxide is soluble in tartaric, malic, citric, and many other organic acids, also 
III starch, sugar, etc. Hence, the presence of these com])ound8 prevents the 
precifiitatioii of aluminium hydroxide by alkali-lye, or aq. ammonia. Aluminium 
hydroxide is also precipitated by ammonium 'sulphide because the aluminium 
sulphide is hydrolyzed as fast as it is formed ; by a boiling soln. of sodium thio- 
SUlphatO owing to the hydrolysis of the alimiitiinm tliiosiilphate; by acidifying the 
.soln. with hydrochloric acid, and boding with sodium or ammonium nitrite, as 
recommended by 11. VVyiikoop, and K Si liirm (iron, and chromium, but not zinc, 
manganese, cobalt., or nickel hyilroxiili's, are precipitated); bv adding phenyl- 
hydrszine, as recoin mended by 'VV. If. Hess and K. I). I'ainpbcfl, and 10. T. Allen 
(chromium, lilauium, zirconium, and tlioriiini are precipitated, but not ferrous iron, 
beryllium, mangauese, zinc, cobalt, or nickel); by potassium, SOdium, or ammonium’ 
carbonate or hydrocarbonate, because the altiminium carbonate is hydrolyzed by 
water; and, according to J. N. von Fuchs, by calcium or barium carbonate sii.sjieuded 

in water here, too, aliiinimiim carbonate is presumably formed and hydridyzed. 

No precipitation occurs if an alkali acetate be aildei'l to a cold neutral soin. of an 
nliiminiiim salt, imt if the soln. be boiled the alum imam acetate is partially bydrolvzed 
and a basic acetate, Al(t)H),,((Uh,t);), is precipitated. The reaction is reversible’ 
for the precipitate redissidves a.s the soln cools. The pre.sence of tartaric acid and’ 
many other organic acids prevents the precipitation Similar results are iditained 
with ail alkali succinate or an alkali formate. Aluminium salt Sidu oive no 
Ittecipitate with alkali tartrates, alkali oxalates, tartaric acid, oxalic acid, or"hydro- 
flnosilicic acid. A gelatinous precipitate of aluminium phosphate, AlPt),, is pro¬ 
duced when an alkali or ammonium phosphate is added to a soln. of an alnmimiim 
salt. I be precipitate is soluble, in mineral acid.s, but. unlike the phosphates of 
inagnesiiim and of the alkaline earths, it is iu.soliible in acetic acid. Aliimiiiium 
plios|diate is soluble in alkali-lye, and when the .soln. is boiled with ammoiiiiim 
chloride, a mi.xture of aluminium phosphate and hydroxide is precipitated ; the 
addition of barium cbloride to the soln. precipitates barium phosphate, and leaves 
the nluininate ill soln, 

If potassium sulphate be added to a cone, soln, of an aluminium salt, crystals 
of alum ate foriueil. Aceordiiig to K. F. Anthon, sodium tungstate precipitates 
aliiniiniuin salts completely ; and, according to 1. von Ittner, potassium fcrrocyanide 
gives a white precipitate slowly when cold, rapidly when heated the precipitate 
soon becomes green and blue. When tincture of morin is added to a dil. soln of 
an aluminium salt, F. (loiipelsrbder obtained a fine green fliioreseenee not given 
by beryllium and the rate earths; a decoction of campecby wood was found by 
0. Horsley and E. Schumaeher-Ko|ip, to give characteristic colours; and a tincture 
ol cochineal was found by C. Ltickow to behave similarly. According to F. W. Atack, 
allxarin gives a red colour which can be recognized when one part of aliiininium is 
present in 10 million parts of soln. When aliiminiiiin compounds are heated with 
sodium carbonate on charcoal before the blowpi|ie, they give a white, infusible 
brightly glowing oxide, which, when moistened with cobalt nitrate soln.’and again 
heated, furnish a blue infusible mass of Thenard's blue. 

Soma uses of aluminium. —In its early days aluminium was unlucky in that 
exaggerated statemeata of its wonderful properties were in circulation. Anticipation 
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transcciuled reality. Tlie place linaliy accorde<I to tlie metal fell .vlufrt .if 
first expectations. Some were disappointed, and exagjferated the importance of 
its defects. Hence, said H. Moissaii : ralummmm esf /e metal de Idrcair juair Ics 
UHiy <i Ic metal de la decefttian pour les autres. J. W. liichards has sanl that, on.' of 
the greatest metallurgical achievements of the nin.'te.mth century was undoubtedly 
the addition of aluminium to the metals of everyday life. Alummium is now manu¬ 
factured in numerous forms, wires, bars, tubes, sheets, powder, foil, and ingot.s. It 
is used in the manufacture of domestic utensils. Its }ightnes.s. dillicuity of corr.ision, 
casein keeping clean, and high thermal conductivity make its u.se for cooking-utensils 
particularly advantageous. It is used largely for military ecpiipments when it is 
necessary to reduce to a minimum the weight to be carried by each soldi.u; it m 
used in the canteens, for buttons, belt-plates, tent-rings, the si-abbanls and handh's 
of swonls, etc. Its use in chemical laboratories for air-buths, water-lmtiis, Bunsen 
burnens. hot-water tiltering funnels, ami condenser tiib.-s has heen discii.ssed hy 
T. H. Norton ; and its use in the eonstructioii of ehemieal plant by It. Seligmaii. 
It is used in tlie eonstrnetion of surgical instruments -handles of knives and saws, 
speculum instruments, etc. Aluminium plates have been u.sed as a .substitute f.ir 
the stone in lithographic work. Alloys with aluminium as the pred.uiiinant melal 
are largely ii.sed for coii.struetionul juirposes jiarts of bieyeles. motor cycles, motor 
cars, torpeilo boats, yachts, aeroplanes, etc. The high (‘lectrieal comluctivity of 
aluminium and its non-inagnetic properties eiuilile alumiimim or its alloys to replace 
much of the brass work in electrical ajiparatus. Its use as an electrical conductor 
was (liscusseil by 11. Wunder. It is used for portable teleph.me ami telegraphic 
work- vide mpra, electrical eoiHluclivity of aluminium. It is ustsl for letters and 
sign.s to be attaehe.l to glass ami wood. Aluminium-leaf is usi'd as wrapping foil, 
and for decorativ^e work, where it ha.s largely superseded silver-leaf for this purpose. 
I’owdered aluminium is used in largo ((uanlitics as a decorative paint called by the 
trade-name aluminium brotne. 

Aluminium is largely used iii the maniifaetiire of ste.d ingots am! castings 
A. Borsig, K. 1>. Packanl, B. Talliot,ctc. I'pto -1 o/;s. are added as the steel is heing 
poureil into the ingot moulds or group of numlds. It increases tlie soundness of 
the tops of ingots and thus decreases the scrap which more than compensates for the 
cost of the small proportion of aluminium used. Aluminium (pii.'teiis the obuliitmu 
of steel. When ste.d, without the a<idition, is poure.l from the laille into the ing<it 
mould, it boils for It) 15 mins, befon* frei'/.iiig at the top. ami whmi free/ang, it 
rises 8-10 ins, in tlie mould; with the addition of aluminium, the steel comes up 
to the re(|uired level and remains there, freezing over within 3t) 15 secs.; the 
atcel is afterwards poured into the mould. The steel with the addition is more 
homogeneous; it has a greater ten.sile-strenglh ; the castings have a smoother surface, 
and are less ufHicted with blowholes. The aluminium removes any oxygi’ii or oxides 
and acts as a deoxidizer. It also nuiders the steel le.ss liable to oxidize during 
casting. Aluminium imj>roves the casting of ordinary cast iron. The uses of 
ulmniniuni in tliennitc reductions, and in tlie manufacture of exjilosives, and flash¬ 
light powders hav'c already been rlescnbed. J. W. Kicbarils gives a list of almut 
2)X) commercial and technical applications of aluminium. Aluminium can be 
autogenously welded,but the dillicuity in soldering the metal is a disadvantage. 
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>• E. PannoU, Jouril. Amer. Insl. Alilab, 9. 182, K. Maason, Amer. Mach., 41. 1066. 

1916; F. Camevali, Jotirn. Inel. MelaU, 8 . 282, 1912; K. Sfligmaii, ih., 2. 281, 19(8); 
M. V. Schoop, Ekdroehcm. Mef. Ind., 1. 193,1909 ; Chem. Zl,/., 81. 749, 1907 ; S. Cowper ('oIot, 
Waltm Elecl., 84. Ill, 1904; Ekctrochem. Mel. Ird., 3. 240, 1903; J. \V. Riohatda, doom, 
Franklin Inti., 137. 160, 1894; Aluminium, Philadelphia, 464, 1896; H. Pango, .4mrr. Mach., 
28.1185,1903; M. Bablon, Bull. Soc. Chim., (2), 20. 317. 1873 ; M. Bourlomto, Vompl. Bend., 98. 
1490,1884; J. Novel, ih., 116. 256,1893. 


§ 6. The Atomic Weight and Valency o! Aluminium 

The hydrogen equivalent of aluminium approximates to 11 . In 1812, 
J. J. Berzelius i gave AIO 3 for the formula of alumina ; tliis made the at. wt. of the 
metal 9x6 ; but in 1826, after he had recognized the existence of sesquioxides, ho 
wrote the formula AljOj, and this made the at. wt, 9x3. 'f. Thomson, however, 
wrote the formula AlO, which made the at. wt. 18, and this view was adopted hy 
J. L. Gay Lussac in 1833. L. Gmelin’s equivalent number for aluminium, 9xlj, 
was based on the sesquioxide formula. 

J. J. Berzelius’ at. wt., 27 nearly, is in approximate agreement with Dulong 
and Petit's rule ; it is in harmony with Mitaclicrlich’s isomqrjihio rule applied to the 
oxides and salts of tervalent aluminium, iron, chromium, and manganese, and with 
the alums in.which, besides the elements just mentioned, other tervalent elements - 
gallium, indium, thallium, titanium, vanadium, rhodium, ruthenium, and iridium- 
may take part. The location of aluminium in the third group of the periodic table 
as head of the family of certain elements of the rare earth series, emphasizes certain 
tervalent characters of this element. For a long time it was assumed that aluminium 
enters into combination as a sexivalent group Alj analogous to ferricum. The 
earlier determinations of the vapour density of aluminium chloride by H. St. 0. Devillo 
and L. Troost in the vicinity of 4(X)° gave results corresponding with the formula 
AI 2 CIS, but determinations at higher temp., 1(XX)°, by L. F, Nilson and 0.1’ettersson * 
corresponded with the simpler formula AICI 3 ; at intermediale temp., intermediate 
values are obtained since the reaction Al 2 C'ljv=^ 2 AlCl 3 is involved. These results 
were confirmed by C. Friedel and J. M. Crafts, Fig. .IB. In 1866, W. Odling and 
6 . B. Buckton prepared aluminium methide, AllCHsjs; and L. Roux and E. Louise 
showed that the vapour density of aluminium ethide, near the b.p., corresponds with 
AljlCjHslj, and at a higher temp, the compound decomposes. 0. Quincke, however, 
found that “ when the vapour density is determined at as low a temp, as possible— 
a few degrees above its b.p.—the results with aluminium methide agree with the 
formula A 1 (CH 3 ) 3 , and not with AljlCHslj as reported by L. Roux and E. Louise, and 
V. Meyer.” A. (ilombes also found that the vapour density of aluminium acetyl- 
acetonate, about 45° above its b.p., agrees with the formula Al(C 5 Hj 02 ) 3 . A. Werner 
and W. Schmujloll found the mol. wt. of aluminium chloride in boiling pyridine to 
be AICI 3 , but the argument is faulty because pyridine forms a well-defined complex 
salt with aluminium chloride. E. P. Kohler found that the bromide and iodide in 
boiling carbon disulphide behave as if they had the doubled formula AlfBrg and 
Aljl*; but in boiling nitrobenzene, aluminium chloride has the formula AICI 3 , and 
in freezing'nitrobenzene, the bromide and iodide have the respective formula AIBcs 
and AII 3 . In general, if aluminium chloride unites with a solvent, it has the simpler 
mol. AlCls, but in an indifferent solvent like carbon disulphide, it has the doubled 
mol. formula —vide infra, aluminium chloride. 

It was assumed that chlorine is univalent, and it therefore follows that in the 
doubled molecule, AljCIs, aluminium is at least quadrivalent Cls^SAl—Al^Qg; 
and J. Traube tried to evade the difficulty by assuming that the aluminium is here 
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eexivalent Cl 8 SAEAI=Cl 3 . E. P. Kohler, however, cbimed that the explanation 
is simpler if it be asgtiined that one or more of the chlorine atoms are tervalent; 

SAl-t'i-('/ -A/</;; AI';-a=Cl-)Ai 

At higher temp., the molecule .splits by breaking the double linkages of the chlorine 
atoms. C. T. Heycock and F. H. Neville measured the lowering of the f.p. of a soln. 
of aluminium in tin, and inferred that the solute is in the mol. form Alj; W. Ramsay 
likewise made a similar inference from the lowering of the vap. press, of mercury 
by aluminium. In both cases it is assumed that no compounds are formed. 

J. J. Berzelius ^ made a single determination of the at. wt. of aluminium by 
igniting dry aluminium sulphate, and from the ratio AUOs: ,3803 so obtained, it 
follows that Al 27 31 ; H. Baubigny obtained 27 06 by an analogous process. 
W, W, Mather analyzed aluminium chloride, and from the ratio AICI 3 ; 3AgCl com¬ 
puted Al 2H'8. .1, B, A. Dumas analyzed aluminium chloride, and from the ratio 
AlCl 3 :, 3 Ag computed the at. wt. 27'4,'); H. Krepelka, 26'972 with Ag = 107'88, 
and Cl =- d.'iArrS; and J. W. Mallet from the ratio, AlBr 3 : .3Ag, 27'09. C. Tissier 
oxidized alunnnium, and from the ratio 2A1; 30, computed 27'14; M. Isnard by 
a similar process obtained 27’(), J. Thomsen, 26'9it, and E. Kohn-Abrest, 27'09. 
T, W. Richards and H. Krepelka analyzed aluminium bromide, and from the 
ratio AIBr 3 : 3AgBr obtained for the at. wt. 26’963. A. Terreil heated aluminium 
in a stream of dry hydrogen ehloride, and measured the, hydrogen evolved, 
and from the ratio, Al: 3H, computed 27'4; J. W. Mallet treated aluminium 
with a soln. of sodium hydroxide, and by measuring the vol. of hydrogen com¬ 
puted 27’095 from the ratio Al; 3H, and he also burnt the hydrogen, and 
weighed the water; from the ratio 2AI: 3 H. 3 O he obtained 27-07. J. Thomsen 
also determined the Al: 311 ratio by a process similar to that used by J. W. Mallet, 
and obtained 26*97 ; ,f. Torrey obtained 26*967; while K. Kohn-Abrest dissolved 
aluminium in hydrochloric acid, burnt the hydrogen to water, and so obtained 
27*25 from the ratio 2A1: dUgO, From these obscrvation.s, B. Brauner deduces 
27*tT)±l)*05, or 27*1, as the beat representative value for the at, w*t. of aluminium; 
and F. W. Warke, 27*04. The International Table of Atomic Weights gives 27*1. 

The atomic number of aluminium is 13. No isotopes have been detected by 
F. W. Aston.** E. Rutherford and J. Chadwick found that long-range particles 
were liberated from aluminium when bombarded by a-rays. Those particles were 
assumed to be hydrogen nuclei produced by the decomposition 0! the atoms ol 
aluminium. The distribution of momentum in terms of the initial velocity of the 
o-partietca has been measured, and it is estimated that there is a 42 per cent, gain 
in energy as a result of the a.ssumed disintegration of the aluminium. The 
electronic structure of the aluminium atom has Is'on discussed bv J. D, M. Bmith. 
N. V. Sidgwiek, etc. 
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§ 7. Alloys and Intermetaliic Compounds ot Aluminium 

Aluminium readily alloys with other metals and a large immhcr of intermetidlic 
compounds has been described. These compoimds do not usually form solid 
soln. with one another or with the component metals, so that, as J. W. Itichards,* 
and E. F. Law have emphasized, the useful alloys of aluminium with another metal 
M are those in which a small proportion of aluminium enhances the useful properties 
of the metal M ; and those in which a small proportion of M imparts advantageous 
quaUties to the aluminium. Bibliographies have been compiled by M. Sack, and 
1’. I). Merica. 

H. St. (!. Deville ^ .stated that aluminium readily unites with small proportions 
of sodium, and that one alloy with one to two per cent, of the alkali metal decomposes 
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water in the cold. C. H. Mathewson found 
that molten sodium and aluminium arc not 
mutually soluble, and form no comjiounds, 

Fig. 30; and I). ]’. Smith obtained similar 
results with pohissium m\A aluminium. Kig.31. 

The f.p. curves of the immiseible liquids have 
two arrests, one correa])onding with the alkali 
metal and the other with aluminium. The 
dotted lines in the diagrams rejtresent what 
is assumed to be the solubility curves of the 
one constituent in the other. 

J. Percy and A. Dick ■> seem to have been the first to draw attention to the 
alloys produced by adding aluminium to copper; they said that “a small pro 
portion of aluminium increases the hardness of co|)per, does not injure its malle¬ 
ability, makes it susceptible of a beautiful polish, and varies its colour from 
red-gold to pale-yellow.” C. and A. Tissier showed specimens in 1856, and the 
alloys were described a week afterwards by H. Debray. The last-named showed 
that aluminium unites with copper with the development of much heat—according 
to F. Tomlinson, the addition of 10 per cent, of aluminium to molten copper raises 
the temp. 134°; H. C. H. Carpenter said 40°. The term aluminium bronze is 
applied to alloys of copper and aluminium containing up to nearly 11 per cent, 
of the latter metal; thus, there are one per cent, bronzes, 5 {ler cent, bronzes, 
and the term without any qualification is understood to apply to 10 per cent, 
aluminium bronze. 

The alloys can be produced by adding aluminium to molten copper, by thermite 
reactions; by thermoelectric reactions, etc.4 Their manufacture has been discussed 
by R. J. Anderson. The constitution of the alloys has been the subject oi many 
investigations.'' H. C. H. Carpenter and C. A. Edwards' equilibrium diagram is 
shown in Fig. 32. There are seven solid phases designated a, a', fi, y, y, S, and <; 
all are solid soln. There are two minima, one at 545° with 68 per cent, of aluminium, 
and one at 1038° with 9 per oent. of this metal. There isaa maximum at 1050° 
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corresponcliug with the compound CujAl, and another imperfect one at about 588® 
cotreaponding with CuAl^. The solidus and liquidus curves of the a-phase lie rather 
dose together, so that the compositions of the portions which crystallize 6nt ate not 
very ditlercnt tram those which crystallize last. There is a complex series of solid 

soln. containing less than 12'5 
per cent, of aluminium. The 
character of these soln. depends 
on the rate of cooling, and 
different authorities are not in 
agreement as to the interpreta¬ 
tion of the structure of alloys 
annealed at different temp. If 
the alloy with 10’7 per cent, 
of aluminium be used as the 
anode in a soln. of ferric chloride 
in dil. hydrochloric acid, the 
more electropositive constituent 
^ dissolves, and the solid soln. 
Fio 32.—KquiliUrium Diagram of Aluminium end * remains in yellow^ grains 
Oopiior Alloys. approxunatmg 4Cu-f-Al m com¬ 

position. The system has also 
been studied by J. H. Andrew, B. K. Curry, 8, H. Woods, M. Wahlert, L. Guillet, 
A. A. Blue, B. Ohtani and T. Hcmmi, D. Stockdale, T. Usihara, K. E. Bing¬ 
ham and J, L. Ilnughton, A. (1. C. Gwyer, W, Campbell and J. A. Mathews, 

N. A. I’uschin, H. Gautier, H. le Chatelier, C. T, Heycock and F. H. Neville, 

M. L. V. Gayh'r, J’. 1). Mcrica and co-workers, etc. J. D. Edwards studied the 

process of solidification of these alloys; and A. I’ortevin and G. Arnou, the effect 
of annealing on the stnicture and mechanical properties of the aluminium bronzes. 

O. Bauer and H. Arndt studied the segregation in these alloys, J. H. Chamberlain 
found that the changes in vol. which occur with alloys of aluminium with about 
15 jicr cent, of copper are due to the absorption of the 8-alloy by the e-alloy. 

•D. Stockdale showed that the temji., 6, of the liquidus curve of the copper- 
aluminium alloys with x per cent, of aluminium is d-Slll-f 2fw— *2, when x is 
betvycen !) and 18; and 8=169 |- 97 ' 43 :— 2 ' 8 j 2 , with x between 18 and 22, The 
maximum with the latter equation is 1016°, when g=17'4 per cent, D. Stockdale 
then argued that this maximum really represents a compound copper 
hemlaluminide, CugAl. 

The copper tritaluminide, CujAI, appears in the equilibrium diagram, and 
W. Louguinine and A. Schukareff made it by adding to fused cojifier about one per 
cent, more aluminium than corresponds with the formula. L. Guillet obtained it 
by a thermite reaction with cupric oxide and aluminium. The prismatic crystals 
are golden-yellow. K. Becker and F. Ebert, from the X-radiogram, found the side 
of the elementary cubic colls i 8 3’47 A. The sji. gr. at 20° is 7'52, so that there is a 
considerable contraction during the formation of the compound. H. Behrens 
gave 3'4 for the hardness. W. Louguinine and A. Schukareff gave 123'5 cals, per 
gram for the heat of formation. L. Guillet said that oxygen attacks it first at a high 
temp, and then very rapidly; moist carbon dioxide acts at ordinary temp.; chlorine 
at 2(X)°, forming AICI 3 and CuOl^- the latter forms a protective skin on the alloy; 
boiling water or dil. potassium hydroxide does not perceptibly attack the compound; 
nitric acid dissolves it in the cold; sulphuric acid reacts giving hydrogen, sulphur 
dioxide, and sulphur; dil. hydrochloric acid has no action while the hot cone, acid 
attacks the alloy slowly; and it is dissolved by aqua regia. The equilibrium diagram 
does not show evidence of the existence of copper aluminide, CuAl, but L. Guillet 
claims to have made it as a grey powder by the thermite reaction with cupric oxide 
and alumiaium, and treating the product with hydrochloric acid; and H. le Chatelier, 
by the action of dil. hydrochloric acid or potassium hydroxide on an allnv wK in 
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aluniinium. L. Quillet found ite sp. gr. to be fcTC at 20*—calculated by tlio mixture 
rule 5'02. W. Louguinine and A. SchukarefI estimated its heat of formation to be 
20 8 oals. per gram; L. Holla gave 32'38 cals, per mol. L. Quillet found that the 
alloy is easily oxidized, but moist carbon dioxide has no action ; it is attackerl by a 
cold cone. soln. of potassium hydroxide; it is slowly attacked by sulphuric acid ; 
dil. hydrochloric acid attacks it slowly, and the hot cone, acid more rapidly. The 
other reactions are like those for copper tritaluminidc. The equilibrium diagram 
shows the existence of copper dialaminide, CuAI^. L. Quillet made it by the 
action of cupric oxide on aluminium in the thermite reaction. Q. Taimnann and 

K. Dahl studied the brittleness and fracture of these alloys. W. Roaonhaiu reported 
that the X-radiogram of copper dialuminide corresponds with a facc-ccntred lattice 
parallelepiped with edges 4'M A. and 2'42 A. There the aluminium atoms approach 
within the range 2’42 A., whereas in the aluminium lattice the clo.scst approach 
is 2’86 A. No application of external press, could force the aluminium atoms 
as closely together as they are in the com|)ound. The quadratic prisms 
have a sp. gr. 5'37 at 20°—the value calculated from the mixture rule is 4 04. 
B. E. Curry gave 585° for the f.p. Q. D. Itoos gave 7C'4 cals, per gram for the 
heat of fusion. W. Louguinine and A. SchukarefI give 57 2 cals, per gram, and 
Q. D. Roos gave 76’4 cals, per mol for the heat of formation. L. Quillet found the 
compound to bo rapidly attacked by cold dil. potassium hydro.xide; to be tlissolved 
by boiling nitric acid ; to be slowly attacked by sulphuric acid; and to be rapidly 
dissolved by cold hydrochloric acid. It is not dissolved by cold a(|un regia, but 
is slowly attacked at a higher temp. A. Meyer found that a 10 min. immersion in 
a 4 per cent, alcoholic soln. of picric acid darkims (.'uAl._» without allecting the 
remainder of the alloy. 

W. Louguinine and A. Sehukureff claim to have made a compound, Uirnropin f cama* 
ttluminide, CujAl,, by molting Iho component metala. Tlicsp. gr. of thnsilvin-.wliiUi eryalnl- 
lino mass is given ns 4'118 at 20°, and tlio sp. ht. as 0-l.’')02. 'I’hoy also rnportnd capper 
trialuminuh to bo formed as a sllvor-wliite crystalline mass of sp. gr. •i'042 at 20 , ainl 
sp. ht, 0-1586 between 20° and 100°. ti. 1). Itoos gave - l;i-03 cals, per mol for Iho heat 
of formation. Thoro is no ovidenco that Ihcso proilut-ls are anything more than soln! 
soln. 

According to H. 0. 11. tlarjienter and C, A. Edwards, the colour of the alloys of ■ 
copper and aluminium was silver-white when over 25 per cent, of aluminium 
was present; as the proportion of the latter metal is decreased the colour becanm 
pale-grey, lead-grey, and a reddish tinge appeared with 18 per cent, of aluminium ; 
the colour passed through different tints of red and was a pale golden-yellow with 
8 per cent, of aluminium; and with less than 3 5 per cent, of aluminium, the colour 
of copper appeared. (1. and A. Tissier, H. Behrens, F. Regelsberger, W. t.ampbell, 
W. Louguinine and A. SchukarefI, L. Quillet, A. M Portevin, E. H. and A. 11. Cowles 
and C. F'. Mabery, P. Morin and E. H. Moreau, etc., have made observations on the 
colour of these alloys. H. Behrens, and most of the observers on the constitution 
of the alloys have studied the intenutl structure ; E. C. Bain, W. Koseiihaiii, 
A. Westgren and Q. Phragmen, and K. Becker and K. Ebert, the X-radlOgrams ; 
W. Frankel and R. Seng, A. M. Portevin and J. PhiUppon, and A. A. Blue, the heat 
treatment; W. Campbell, the (racture of the alloys; and 0. Bauer, the liquataon. 
H. C. H, Carpenter and C. A. Edwards, W. Louguinine and A. Schukareff, L. Quillet, 

L, Sohleiffarth, A. Riche, Q. W. A. Kahlbauin and E. Sturm, B. Ohtani and 
T. Hemmi, etc., have measurwl tbespcci&c gravity ; C. and A. Tissier, 11. Dcbray, 
H. Behrens, H. C. H. Carpenter and C. A. Edwards, J. U. Edwards and T. A. Moor- 
mann, F. Auerbach, K. Bornemann and F. Saucrwald, B. W. Hales, and 
J. Q, A. Rhodin investigated the method of estimating the composition of aluminium 
copper alloys from sp. gr. The dilatometric transformation was investigate 
by P. Braesco; the specific volnme, by K. Bornemann and F. Saucrwald; the 
hardness, by T. Isihara, B. Ohtani and T. Hemmi, C. and A. Tissier, H. Behrens, 
L. GuUlet, B. B. Curry, etc.; the age-hardening, by M. L. V. Qaylet; the 
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at. vol. of the .solute iitoilis, by A. L NorbUryi G. Tammann and K. Cahl 
the brittlmm; the malleahility and ducfilifr, by B. E. Curry and 8 . H. Wooik’ 
L. Ouillet, E. W. Webb, H. Tomlinson, W. Rosenhain, P. Morin and E. H. Moreau, 
P. Breiiil, etc,; the tensile strength, by H. C. H. Carpenter and C. A. Edward.s, 
J, 0. Arnold, H, Olitani and T, Hemmi, A. Portcvin and F. le Chatelier, E. k 
Jjlant, A, Murky and C, A. Tomlinson, H. Lange, L. SehleiFarth, L. Tetnieyer, 
H, le Clwtolicr, A. K. Huntington, K. A, Hadfield, G, Tammann and K. Dahl, 
etc,; the elastic modulus, end the recovery of the alloy from overstrain, by 
A. Morley and 0. A. Tomlinson ; and the sonorousness, by the Chemische Fabrik 
Scbering. ft. le Chatelier, and P. Hidnert measured the thermal ettpansion; 
J. W’. i;ichard.s, the thermal conductivity ; W'. Louguinine, the specific heat ; and 
W. Louguinine and A. Schukaretr, G. D, Rooa. and L, Holla, the heat of formation. 
P, Hreuil, L, Hempell, and those who have studied the constitutions have made 
observations on the melting point. K. Bornemann and F, Sauerwald, and H. Alter- 
thuin studied the dissociation of copper aluminide at different temp. The electrical 
conductivity and electrical resistance have been studied by H. Benoit, L. Guillet 
and M, Ballay, L. VVoiler, W. Broniewsky, H. le Chatelier, 0. D. Chwolson, and 

G. W'. A. Kablbauin. The electrical conductivity of copper-aluminium alloys, 
measured by K. Bornemann and K. W'agemann, shows a maximum between 30-40 at. 
]]cr cent, of aluminium, a marked change of direction corresponding with CuAlj, a 
less dislinet ojie with Al(.'u,|; and a maximum with 80-00 at, per cent, of aluminium. 
W. lirciiiiewsky fouud the electrical conductivity curve corresponded with the 
existence of AljCiij. The electromotive force of the cell A1 1 Ga(OH )2 soln. 1 Cu„Al 
was ineasureil by N. A. 1‘uschin; and the electrolytic valve action and electrolytic 
corrosion by \V. .S, Howland; and the thermo-electric properties, by H. Pecheux. 
The ellect of tin on copper-aluminium alloys was studied by M. W'iihlert. The 
Itcimrls on die IahIu Mimjs (London, 1921) by the Advi.sory Committee for 
Aeronanlics describes the properties of cujiriferous aluminium alloys. 

II, St. ('. l)(:villc said that aluminium bronze cannot differ much from the other 
alloys ot copper, but B, S. Proctor found that it has a small advantage over ordinary 
brass in its power to re8i.sl corrosion, and its surface, when tarnished, is more easily 
cleaned. H. Wilson found that the attack by the atm. increases as the proportion 
*of cop[ier is raised. 11 Stockmeier, and H. Kayser found that aluminium bronze 
slowly decomposes water at 2(t’, and more rapidly at Observations on the 
«orrosiv<‘ action of sea-water, anil .soln. of various salts have been made by A. Ditte, 

H. (’, H. t.'arpenter and A. Edwards, J. W. Kichards, H. le Chatelier, 
W. S. Howland, II. Behrens, etc, C. F, Mabery founil hydrogen chloride gas removes 
all the almniuimn from healed aluminium bronze. M. Balland, H. Moissan, and 
E. Defaei]/, e.saimned the action of hydrochloric acid ; W. Louguinine and 
A. Schnkareif, ot bromine water; II. Behrens, of sidphurio acid; J. W. Richard.?, of 
nitric acid ; and K, Behultze, of some organic acids. C. and A. Tissier, and L. Petit- 
Devaucelle have made observations on this subject. B. S. Proctor found ammonia 
and coal gas have a alight action ; It. St. C. Deville found hydrogen suliihidc attacks 
the alloy leas readily than the coiijier alloys. 

II. SI. Deville,* and C. R. A. Wright found that aluminium and siher ate 
readily alloyed by direct fusion. All alloys with less than about .''lO pet cent, of silver 
are more fusible than aluminium, as illustrated by the fusion curves, Fig. 33. 
L. Guillet made the alloys by leducing silver oxide by the aluniino-thermic reaction. 
C. Tissier fused aluminium with silver suljihide, and found aluminium sulphide in 
the .slag. M. Rietz and 11. Iletold made aluminium-silver alloys by electrolysis. 
G. 1. Petrenko constructed the fusion curve diagram shown in Fig. 33. The f.p. 
falls from the in.ji, of aluminium to that of the eutectic at 507''; on the rising curve 
there is a break at 721" and ll lh (ler cent, of aluminium corresponding with silvai 
ha mlaliimlnid B, AgjAl; and another break atTfl" and 7 72 percent, of aluminium 
oorres|>unding with silver tritalDminide, AgjAI. Both compounds are dimorphous, 
and form solid soln. as indicated in the diagram, C, T. Heycock and F. H. Neville, 
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and H. Gautier also made observations on the f.p. curve of silver-aluminium alloys. 
C. H. Hirzel reported as silver-white alloys AlAgi of sp. gr. 9'374 ; AlAg. of sp. gr. 
8‘744 ; and AlAg of sp. gr. 6733. G. Guillet claimed to have made Ag^Alj by the 
action of dil. hydrochloric acid on the powdered trita- or hcmi-aluininides ; he gave 
7'08 for the sp. gr., and said that it is not 
soluble in nitric acid, or in cold hydrochloric 
acid; and dissolves slowly in hot sulphuric 
acid. H. Behrens, and G. 1. Petrenko 
studied the microstructure of these alloys. 

C. T. Heycock and F. H. Neville made X-ray 
photographs of sections of the 4A1 -f Ag-alloy. 

In general, the addition of a little silver to 
aluminium makes the metal whiter, increases 
its hardness, enables it to take a better polish, 
and makes it denser and stronger. G. le Grlv 
and W. Broniewsky measured the hardness 
of the alloys, and found a maximum corre¬ 
sponding with silver dUriluluminide, AgjAU, 
ami a ininiiiium with silver tritaluminiile. 

G. Tainnianii and K. Gah! investigated I he 
brittleness, and fracture. The so-called (irrs- 
argent is an alloy made by C. and A. Tissier 
with two-thirds aluminium and one-third silver: it has many advantages over 
silver-copper alloys. The alloy with 5 per cent, of silver has a high malleability, and 
a sp. gr. 2‘8. Both these alloys have been made into dessert-spoons, forks, and articles 
generally made of silver. The so-called abinnniunhsilvcr is an alloy of copper, 
nickel, and aluminium. G I. Petrenko said that alloy.s with uj) to 7 72 ])er cent, of 
aluminium are quite stable in air. H. Debray said that tlic alloy with 3 per cent, of 
silver is not attacked by hydrogen sulphide : on the contrary, S. Mierzinskv said t liat 
every alloy of silver and aluminium is more quickly attacked by this gas tliau silver 
alone, and in this statement, added W. Richards, the latter is wrong. G. le Grix 
and W. Broniewsky measured the electrical conductivity of the Hlh>ys at ditferent 
temp. N. A. Puschin found that the o.m.f. of the cell A1 j Oa(OH )2 soln.! Ag,Ai 
showed a break corresponding with tiilver aluminuh', AgAl, l)ut not with Ag^Al 
and Ag^Al, but W. Broniewsky showed that such an alloy always has a heterogeneous 
structure. W, Broniewsky measured the thcrmo-eiectric force, and G. A. Kraus, 
the electrical condu<divity. 

G. and A. Tissier" said that aluminium can carry as much as lo jier cent, of gold 
without impairing its malleability or ductility ; but W, G. Roberts-Austen found 
that the addition of a small amount of aluminium quickly lowers the malleability 
of gold. G. T. Heycock and ¥. H. Neville found that the addition of aluminium 
to gold lowers the f.p. of the latter metal, and an alloy containing 21 r) at. per cent, 
of aluminium freezes as low as 525^, Fig. ‘H. Further adilition of aluminium 
raises the f.p. until a maximum is reached at 625^^, corresponding with gold 
hemialominide, Au^Al. The f.p. curve then falls again, reaching another minimum 
or eutectic point at about corresponding with iO at. per cent, of aluminium. 
From that point, the curve rises rapidly to lOWJ^ the f.p. of gokl diftlumixudOf 
AuAlj, the purple compound discovered by W. Roberts-Austen. After passing 

this maximum, the curve falls again and has a minimum close to the f.p. of pure 
aluminium.' This curve, on which a large number of points has been determined, 
shows the existence of the comjmunds AU 2 AI and AuAlg, whilst other singularities, 
less well marked than those mgutioned, point to the formation at various stages 
less stable compounds, probably gold totritglllTTlinide, AU 4 AI ; gold t riR l nminld g, 
AugAlg (or AU 5 AI 2 ); and gold aluminide, AuAl. As the curve is followed, the 
different substances that crystallize out may be traced in the changing colour of 
the alloys, which are at first yellow, owing to the presence of free gold, then white, 



Fid. 33. KnH'iiiiK point Curvo of 
Mivturcij of Silver uiul Aluiuiniuin. 
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then purple, and finally white again as the almidniiM end of the curve is reached. 
C. T. Heyeuck and F. H. Neville further studied alloys with up to 6 per cent, of 
aiuminium. The inset in Fig. 34 is an enkrgement of the diagram about the first 
eutectic, indicated the existence of two series of solid soln. (o and fi), and of the 



Fiu. 34.—Froozing-point Curvo of .Mixtures of Aluminium and Qold. 


ooinpoutid AljAu^. Tbis compound is found in all the alloys containing from 18 
to 28 atomic per cent, of aluminium. Rccalescence phenomena associated with the 
cooling curves of alloys containing from 10 to 27 atoms per cent, of aluminium 
point also to the formation of AIAU 4 . J. A, Matthews could not prepare gold 
dialununido. 

G. F. Andrews found the colour of gold-aluminium alloys: 

WhlUi Pule Very pale Violet Pinkish- Pale Violet- 
vloIct-brown violet violet violet pink 

Per coat, gold ... 5 10 15 50 78 00 94 


The alloys are said to be of little practical use except for decorative purposes. 
The so-called Niirnberg gold is a ternary alloy approximating copper, W); gold, 2'5 : 
and aluminium, 7 3 per cent. t). T. Hcycock and F. H. Neville, and W. C. Koberts- 
Auslen and F. Osmond studied the minute strnctnre. of th<‘.se alloys: C. T. Hcycock 
and F. H, Neville, X-radiograms; W. 0. Roberts-Auston, the m.p., the tensile 


strenfjth, and the elongation of the goM-uluminium alloys; and C, H. Dcsch, the 
cntectic mixtures. W. 0. Roberts-Austen showed the great heat of combination by 
malting 30 grms. of gold in a crucible and keeping the temp, at 11.35°; 0'3 gim. of 
cold aluminium was stirred into the molten metal. The temp, fell to 1045°, and 

_ rr-—. _ - briskly to 1380°— i.e. 225° above the 

I J’ ! \ ri [ I / initial temp, of the gold. 

Mti' I Uil 11/ Wohler* prepared an alloy of alu- 

w ■ / minium and with 86 per cent, of cakium by 

» \j' ear is ''J / melting approximately equal parts of sodium 

k** a * '' / and aluminium with a large excess of calcium 

g J -JSr'T—— chloride. He regarded the alloy as a mechanical 

''sec' - .A- mixture, but found it to be acted upon by 

.j neither air not water. Poulenc Frhres and 

,^1 M. Meslans, and E. Jiingst and R. Mewes also 

0 ^ » ») *» prepared caleium-aluminium alloys. K. Arndt 

_ „ , noted the great development of heat when 

>•>« ‘wo metals are coined under molten 
potassium chloride. L. Donsky found that 


fhc f.p. curve, Fig. ,35, shows two eutectic points at 610° and 61 pet cent, 
(components alaminium and OaAlj) and 550“ and 75 per cent, (components 
calcium and CaAlj) of calcium respectively. Between 16 per cent, and 43 per 
cent, of calcium, the alloys separate into two liquid layers, which react at 
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692° to form caldun trialnminiide, CaAlj. Alloys containing 0-8 per cent, 
of calcium have the colour of aluminium, and are somewhat harder than that 
metal. Those containing a moderate amount of calcium are brittle and porous, 
and those rich in the latter metal are less brittle and are unstable in the air. 

J. M. Breckenridge studied the electrical conductivity of these alloys and found a 
break in the curve with CaAl 3 ; the electrochemical potential curves of these alloys 
also gave a maximum corresponding with CaAlj. 0. Ruff and H. Hartman studied 
the action of nitrogen on a heat^ alloy of calcium and aluminium. Alloys of 
harium and aluminium were made by E. Jiingst and R. Mewes. E. Stansiield 
made an alloy with 60 per cent, of barium by the thermite process. N. N. Bckctolf 
also claimed to have made an alloy with 24-33 per cent, of barium by melting a 
mixture of barium chioride and hydroxide with aluminium. If barium chloride alone 
be used, the aluminium floats on the molten chloride without reaction. E. Beckmann 
obtained results different from those of N. N. Beketoff -eide mpra. (!. Vickers 
tried the effect of barium on aluminium, but with no favourable results. 

0. Oesterheld ® found that molten beryllium and aluminium are miscible in all 
proportions, but they do not form a beryllium alumimde. The f.p. curve, Fig. 36, 
has two branches with a eutectic at 644° and 
4 at. per cent, of beryllium. Solid soln., a, 
are obtained at the beryllium end of the 
.series with up to 3 at. per cent, of aluminium. 

J. Parkinson 1“ prepared an alloy of alu¬ 
minium and magnesium by melting the two 
metals under a layer of sodium chloride (not 
fluorspar or cryolite) in a crucible lined with 
magnesia. L. Mach used a similar process 
with potassium chloride as a flux. F. Wohler 
made an alloy of aluminium with 30'8 per 
cent, of magnesium, and found it to be 
tin-white and brittle, and to ignite at a red 
lieat, burning with a flame like that of mag¬ 
nesium alone; he also made an alloy with 64 
per cent, of magnesium which was malleable, and was destroyed without evolving 
hydrogen after leaving it in contact with water for a day. Both alloys appear to 
contain a definite compound because when treated with a soln. of ammonium chloride, 
they disengage hydrogen abundantly, and deposit a brilliant, tin-white, metallic 
powder—insoluble in a soln. of ammonium chloride or of sodium hydroxide. It ' 
burns with brilliant sparks when thrown into a flame. H. Pecheux made alloys 
by melting the components out of contact with air; E. Jiingst and R. Mewes, by 
heating magnesium chloride with sufficient aluminium to volatilize all the chlorine 
as aluminium chloride; and the Deutsche Magnaliumgescllschaft, by the elec¬ 
trolysis of molten magnesium halides—c.g. tachhydrite or carnallite -with an alloy 
of magnesium and aluminium as cathode. 

The m.p. have been studied by 0. Boudouard, who found maxima corresponding 
with MgAl^, MgAl, and MgjAl, but these conclusions are not reliable since too few 
a number of mixtures were examined, and only the initial f.p. were determined. 
More detailed observations were made by G. Grube, end G. Eger, who found evidence 
of the formation of AlsMg^. H. Schirmeister made some observations on the f.p. 
of these alloys. G. D. Roos gave 164'8 Cals, for the heal of formation of Mg 4 Al 3 , and 
W. Biltz and G. Hohorst, 49 cals. The last-named also gave 2151 for the sp. gr. 
of MgjAla at 25°/4°, and M O for the mol. vol. K. Becker and F. Ebert found from 
the X-radiogram that the length of side of the cubical cells was 4'8<J A., and sp. gr. 

2 62. The results of D. Hanson and M. L. V. Gayler are illustrated by Fig. 37. 
They found maxima corresponding with magneiittni ditritoln m i n tds, MgaAlj, and 
with magneshun MSgaialtuoinide, or tri/iemialuminide, MgjAla. It will be observed 
that the compound MgjAlj does not occur just at the maximum, and this may be 



Fig. 36. —Froezing-poiiit Curve of Mix¬ 
tures of Beryllium and Aluminium. 
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due to the decomposition of the compound when it is melt^, for the presence of a 
compound is shown on the liquidus curve either by a maximum, or by a point of 
indection; the former occurs when the dissociation temp, of the compound lies 

above the f.p. curve, and the latter when 
it lies below one of the branches of the 
curve but not below the eutectic. The 
maximum on the diagram corresponds with 
G. Grube's magnesium tri'tetritalumuiide, 
MgiAlj. This compound also appears on 
the ternary diagram of magnesium, alu¬ 
minium, and copper. Fig. 38. The fact that 
D. Hanson and M. L. V. Gayler found the 
alloy 4Mgf3Al to melt over a range of 
temp, of 5° led them to infer that the 
existence of Mg 4 Al;) has not been definitely 
established. B. Ohtani. and P. D. Merka 
and co-workers studied the thermal diagram 

'‘='‘•‘'"‘■■"6 til. 11 

>'in. .‘17.—Finoziag.point Curve of Mix- 01 tnese alloys, 
lures of Mogaesium and Aluaiiniuni. According to G. Grube, the microi^opic 
structure of the magnesium-aluminium 
alloys showed that those containing 0 35 jier cent, of aluminium consist of primary 
crystals of solid soln. rich in aluminium, surrounded by another solid soln. with about 
3,5 per cent, of magnesium. With about 30 per cent, of magnesium the primary 
crystals are dendritic, and this led 0. Boudouard to assume the existence of a 
comiiound AliMg. Alloys with 3.5-54 jicr cent, of magnesium consist of a homo¬ 
geneous solid soln.; those with 54 68 per cent, of magnesium consist of crystals 
assumed to he Al;)Mg 4 embedded in a eutectic; and alloys with 68 to 1(X) per cent, 
of magnesium consist of crystals of magnesium embedded in a eutectic. D. Hanson 
and M. L. V. Gayler, and B. Ohtani also studied the micro-structure of these alloys ; 
and K. Becker and F. Ebert the X-radiograms. The alloys with 10-15 per cent, 
of magnesium arc silver-while, polish readily, have a fine grained fracture, a 
;ip. gr. which increases as the proportion of magnesium rises, the m.p. is between 
6(10“ and 7IX)“ ; and the sp. ht. exceeds that of ariiminiiim. According to A. Wilm, 
alloys containing small (|uuiitities of magnesium are hardened by f|uencliing, but the 
process is iiiiite different from the hardening of steid. If <iuenched from 500“ in 
cold water, the metal is at first soft, but the hardness increases in the course of a few 
days. The initial hardness is independent of the quenching temp., but the hardness 
attained after storage increases with the ipieiiching temp, up to 470“, beyond which 
it is constant. Quenched duralumin was shown by E. Heyn and E. Wetzel to 
undergo an appreciable, expansion on standing. K. Becker and F. Ebert 
examined X-radiograms of these alloys; ,1. T. Rooney, B. Ohtani, M. Hanzel, 
L. Aitcheson, etc., studied the mechanical properties of these alloys. Alloys 
of magnesium and aluminium coiitaiiiing 5 to 30 [ler cent, magnesium have 
approximately the same mechanical properties as brass and are used for making 
screws, nuts, wire, tubes, and sheets. The hardness increases with the magnesium 
content. With 70 pet cent, magnesium, the alloy is as hard as mild steel. The 
tensile strength of alloys containing 2 to 10 per cent, magnesium is considerably 
improved by ipieiiching from about 600°. M. L. V. Gayler studied the age hardening 
of these alloys. >1. Schumann and L. Mach studied the reflection of light of wave¬ 
length 1850-28(X) on these alloys. G. A. Kraus, and B. Ohtani studied the electrical 
conductivity of these alloys. J. Klaudy and A. Miethe have studied the chemical 
reactions of the alloys, and found that their behaviour closely resembles that of 
aluminium. H. IMcheux said that alloys with 15 34 per cent, of magnesium ate 
not changed in air; they are readily attacked by cone, and dil. acids, but sulphuric 
acid dogs not attack the alloys rich in aluminium. L. Rolls studied the corrosion 
of these alloys. Distilled water and hydrogen peroxide readily attack all the alloys 
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especially if the alloys be in the form of filings, Mg+ 2 HoO=Mg(OU) 2 -bUs- 
Potassium hydroxide soln. acts more quickly the higher the proportion of contained 
aluminium. An aq. soln. of cupric sulphate acl.s vigorously, 3 CUSO 4 f2AI 
-=Al2(S04)8+.3Cu. 

Ternary alloys of magnesium, aluminium, and copper, have been studied hy 
R. Vogel, and M. L. V. Gayler. R. Vogel’s observations are summarized iii Kig. 38. 
The stippled regions show the zones 
of existence of various forms of 
mixed crystals with the ternary- 
compound copper tetramagnesium 
hex^uminide, CuMg 4 Ale. L. Mach 
patented alloys with from 2-30 parts 
magnesium to 100 parts of aluminium 
-possibly alloyed with a little copper, 
nickel, etc., in such proportions that 
the sp. gr. of the alloy does not exceed 
that of aluminium. The alloys arc 
called by the trade name tnagmlium. 

The Deutsche Magnaliumgesellschatt 
raised the m.p. by adding antimony. 

Magnalium has also been diaeus.sed 
by R. E. Barnett, W. G. H. Wolff, 

J. Klaudy, etc. Magnalium has two 
advantages over aluminium; its 



Ternary .System, At 


V Ai/:u 


AlqCVI. 


tensile strength is greater, and it can bt* fileil, drillf‘(l, aiul turned imieli cleaner 
without dragging, tearing, or clogging the tool It is more liabli; to oxidize when 
hot. R. E. Barnett said it is less liable to corrosion in the atm. of a laboratory than 
is zinc, copper, or brass. The alloys on the market .show ( u, 1*7G; Mg, 

Ni, 1’16 with traces of iron andantimony; Sn,3'15; Mg,l’58; lb,072, 

and about 0-3 per cent, of iron. Another sample was intermediate m composition. 
J. Disch measured the thermal expansion of electron —an alloy of aluminium and 
magnesium-between -190*^ and about 300*^. H. S. Rawdon and co-workers 
studied the attack by corrosive liijuids. The alloy duratumrn, introduced by 
A. Wilm, contains over 90 per cent, of aluminium; about 05 per cent, of mag¬ 
nesium; 3'5-5'5 per cent, of copper; and Ob-OS per cent, of manganese. 
Duralumin has been studied by C. Grard, K. R. Koch and C. Dannecker, C. 
and W. Stueber, L. Guilletand co-workers, A. Giannclli, E. Heyn and ^ Wetzel, 
L. M. Cohn, and J. McKechnie. The sp. gr. ranges from 2-75 to 2-84; the 
m.p. is near 650^ the Brinoll's hardness is 00-7U. By cold-working annealed 
duralumin, high degrees of strength can be obtained. Unlike most high-almmnium 
alloys, duralumin can be hardened by queneliing like steel, but unlike stec , it ots 
not matter whether the hardening process is applied to the annealed or cold-workeii 
material. Duralumin exhibits the remarkable property of ageing. \Vhen aimoaW 
and quenched, it shows no signs of increased hardness, hut there is a pcrceptihJc 
increase after it has stood an hour, and the hardness increases more rajndiy up to 
the sixth hour, and the increase continues for about 48 hrs., after which no further 
change is perceptible. S. Konno, and B. Heyn and E. Wetzel studied the changes 
in length during the ageing of duralumin; K. L. Meissne^ the corrosion; and 
A. Euerr, the welding and soldering of duralumin. B. Ohtani, and V. Fuss 
also studied the ternary system Mg—Al—Cu. .. 

The first aluminium made by H. St. C. Devillc » contained nnc derived from the 
retorts which had been made from a mixture of fireclay and old zinc retorts crushed 
to small fragments (grog). H. Debray found aluminium with 3 per cent, of zinc 
was harder than aluminium and quite malleable; C. and A. Tiasier also made alloys 
of these two metals, which, said A. H. Sexton, readily unite when in the ipolten 
sUte. C. B. A. Wright refiotted that the two metals form tru» aUoys and that 
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they are miscible in all proportions. Some of the early solders for ftlominium were 
made of zinc with from 6-20 per cent, of aluminium. R. Basset, M. DuUo, and 
A W S. van Oldruitenborgh, made zinc-aluminium alloys by reducing sodium 
aluminium chloride with zinc; C. H. Hirzel, by melting the two metals under a 
layer of sodium or potassium chloride; E. D. Self, by adding zinc to aluminium 
molted in a graphite crucible, and preventing oxidation by fat; and B. S. Shepherd, 
by using graphite crucibles free from silicates and preventing oxidation by coal gas 
The constitution of the alloys has been studied by II. Gautier, T. Hemmi, 
G. Charpy, C. T. Heycock and F. H. Neville, W. Sander and K. L. Meissner, 
A. 8. Federoff, E. 8. Shepherd. G. Eger, A. Ssaposhnikofi, A. Sturm, 0. Bauer and 



F( 0 . 30. - Equilibrium Diibgrain of MixturoD 
of Zinc and Aluininiuin. 



Fig. 40. —Thermal Expansion 
of Zn-Al Alloys. 


0. Vogel, M. Wahlert, 11. I’eclieux, E. Crepaz, L. Losana and E. Carozzi, 
J. li. Haughton and K. E. Bingham, etc. Th(! equilibrium diagram shown in Fig. 39 
is due to W. lloscnhain and 8. L. Archbutt. The eutectic line to the right of the 
point F, Fig. 39, is metastable, and it disappears if the reaction along the line E 
is completed by sufficiently slow cooling, or by annealing at 400°. They established 
the formation, at 44.3°, of dendritic crystals of unstable zinc dittitaluminide, Zn 3 Al 2 



Fio. 41,—£leoirte.at Conductivity, and 
Temperature Coefficient of ResiEt- 
ance of Zlno>Aluminium Alloys. 



Fio. 42.-—Thermoelectric Power, E, at 
0° of Zinc-Aluminium Alloys. 


which decompose at 256° with a vigorous evolution of heat. The solid soln. 
are a, j3, y, and 8. The existence of the unstable aluminide was not shown by 
E. 8. Shepherd’s equilibrium diagram, and he assumed that the alloys are formed of 
two solid soln^ The cutvee for the thermoelectric power, and the rate of change of 
thermoeleotrio power with temp.. Fig. 42, as well as the deotrical conductivity, and 
the temp, ooefi. of the resistance. Fig. 41, by W. Broniews^, are typical of alloys 
which are soluble in one another to a limit^ extent, and in which the solid soln. 
thus formed mix with each other meohanicallv. The central portions of the curves 
are nearly linear and are typical of meehaniem mixtures. 

The microatnmture of the alloys has been examined by E. 8. Shepherd, 
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W. Campbell, E. A. Lewis, J. W. Richards, C. T. Heycock ami F. H. Neville 
W. Rosenhain and 8. L. Archbutt. C. T, Heycock and F. H. Neville showed that 
there is no foundation for C. R. A. Wright's statement that the molten alloy 
separates into two layers. A. M. I’ortevin studied the microstructure of the 
eutectic. B. Heyn and E. Wetzel studied the vol. changes during the ageing 
of these alloys. E. 8. 8hepherd measured the sp. gr. and sp. vol.; K. Borne- 
mann and F. Sauerwald, the sp. vol. and expansion, W. Richards' E. D. Self, 
W. Rosenhain and 8. L. Archbutt, A. H. Sexton, T. Lsihara, and A. Ssaposhnikolf] 
the hardness; A. Ssaposhnikoft, W. F. Durand, W. Rosenhain and S. L. Arch¬ 
butt, the elastic modulus; the tensile strength, by C. R. Carpenter, G. Charpy, 
E. 8.8perry, E. Wilson, M. Bassi and M. Selve, and W. Rosenhain and S. L, Archbutt; 
and torsion tests, compression tests, alternating-stress tests, and impact teats, by 
W. Rosenhain and S. L. Archbutt. 0. Bauer studied the liijuation of these alloys 
and 0. Bauer and H. Arndt, segregation in these alloys. W. Loiiguinine aud 
A. Schukareff measured the heat of formation; E. Wilson, A. Schulze, and 
W. Smirnoff, the coeff. of thermal expansion. The results by A. Schulze are shown 
in Fig. 40. The disturbances in the curve are due to the formation of AljZiiij. The 
dotted lines represent results on a falling temp., the others are on a rising temp. 
The m.p. were determined by J. W. Richards, W. F. Durand, and those who have 
worked on the equilibrium diagram, B’ig. 39; and C. T. Heycock and F. H. Neville, 
the at. depression of the f.p. 1’. Braesco measured the heating curves. E. 8. Shep¬ 
herd said the surface tension is lower than that of aluminium, because the fluidity 
of the alloys is greater than that of aluminium. L. Srhleiffarth found the addition 
of zinc to aluminium facilitates the production of sound castings. E. Wilson, 
A. Sturm, J. G. A. Rhodin, and B. W. Hales examined the method of estimating 
the composition of alloys of zinc and aluminium from the sj). gr. They found that 
copper and zinc have nearly the same influence on the .sp. gr. of aluminium. 
A. Battelli, and H. Pecheux measured the electrical conductivity aud resistance. 
W. Frankel and E. Scheuer studied the effect of ageing on the electrical aud 
mechanical properties. W. Broniewsky's curves for the electrical conductivity at 
0°, and the temp, coeff. of the resistance between (P and 100° arc .shown in Fig. 41; 
observations were also made by L. Holborn and E. Lcchner. Measurements of the 
thermoelectric power against copper were made by II. Pecheux, and against copper 
by A. Battelli; W. Broniewsky’s curves for the thermoelectric power, E, aqd of 
the rate of change of thermoelectric power per degree are given in Fig. 42. 
E. 8. 8hopherd found that these alloys are more staEle than the otlmr alloys of 
aluminium because of the close proximity of the component I'lcments in the voltaic 
series. C. Montemartini and E. Colonna found that with dil. nitric acid between 
7°-10°, with 1 grm. of alloy, the following amounts of ammonia are formed : 

„„„ /c.c. . . . 2500 1000 120 70 45 

““"•IPercent. . . 0-26 1 00 1000 275 450 

Ammonia formed . . 0 00263 0 00758 0 02737 0 00641 0 00132 grm. 

and with more cone, nitric acid, no ammonia is formed. L. Rolla studied the 
corrosion of these alloys. W. Rosenhain ami 8. L. Archbutt studied the corrosive 
action of sea-water. M. Wahlertstudiedtheeffectof additionsofiron. H.E. Brauer 
and W. M. Peirce measured the effect of impurities on the oxidation and swelling 
of these alloys. 

8ome zinc-aluminium alloys have received special trade-names, e.g., the alloy 
with one-tfiird zinc and two-thirds aluminium is called alzeneA^ There are two 
light aluminium alloys, ziskon, with about one-fourth its weight of zinc, and zitium, 
which was originally called zalium. Both have been prepared for use in making 
scientific instruments. C. d’Albert speaks of the use of alloys with 12-20 per cent, 
of zinc in the automobile industry. The Deutsche Gold- und Silbcr-Scheideanstalt 
patented the use of up to 0’6 per cent, of aluminium along with zinc,in Parkes’ 
process for desilvering lead. 
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The ternary alloys of zinc, copper, and aluminium arc called aluminivm brasses. 
They are usually made either by adding aluminium to molten brass, or zinc to molten 
aluminium bronze. Combinations were studied by J. Bauer,i3 M. Wahlert and 
M. 0. Farmer. J. W. Richards said that Al-brasses flow well, give sharp sound 
castings, are more ductile and malleable, a greater tensile strength, and a greater 
[jower of resisting corrosion than ordinary brass. E. H. Schulz and M. Wahlert, 
V. Fuss, and V. .fares studied the ternary system; Al—Cu—Zn; V. Fuss, 
Zn Al—Mg; and M. Lcvi-Malvano and M. Marantonio, Cu—Zn—CU 3 AI. 0. Bauer, 
and I,. Holla studied th<! corrosion of the.se alloys; and J. L. Haughton and 
K. E. Bingham, the constitution. H, C. H. Carpenter and C. A. Edwards have 
worked out the equilibrium diagram. Fig. 43. The areas ABC, BCDE, and DBF 
correspond respectively with the separation from the liquid of the a, /3, and the 
constituents corresponding with y, S, e, and the aluminide CUAI 2 of the copper- 
aluminium alloys. The boundaries of the phases in the last-named area have not 
been determined. There is no evidence on the liquidus surface of a true ternary 
compound or eutectic deposited from liquid alloys with over 40 per cent, of copper, 
though the curvature of the isothential lines probably indicates the existence of a 
ternary eutectic near that point. The univariant line BC connects two non-variant 



Em. 43 . - Tsothemml Linos in the ptqui- Fio. 44.—Isothermal Line.s in Iho Equi¬ 
librium Liquidus Diagram ot the Ter* librium Diagram of the Ternary System, 
nary System, Ou—Zn-Al. Zn—Mg~Al. 


points of the copper-zinc and copper-aluminium systems. J. L. Haughton measured 
the electrical conductivity of the Cu-Al—Zn alloys at different temp. 

(1. Eger constructed the equilibrium diagram. Fig. 44, of the ternary system 
Al - Mg- Zn. They are completely miscible in the liquid state, but in the solid 
BtaUt they are only partially soluble in one. another. A peritcctic horizontal in the 
AIjMg,' ZnoMg system indicates the jrrobable existence of the ternary compound 
magn^um zinc aluminide, MgjZiijAL, which decomposes on melting, and which is 
capable of forming solid soln. This system was also studied by W. Sander and 
K. L. MeiKUier. The Reports of the IJylU Alloys (London, 1921) by the Advisory 
Committee for Aeronautics describes the properties of many zinciferous aluminium 
alloys. 

Cadmium readily forms alloys with aluminium. C. R. A. Wright found that 
with equal parts of the two metals at ItX)'’ above the m.p., two layers are formed—the 
upper with 3'39 per cent, of cadmium, and the lower with 0 22 per cent, of aluminium. 
The presence of tin prevents the sejiaration. W. Campbell and J. A. Mathews made 
observations on this subject, and A. Q. C. Gwyer constructed the equilibrium 
diagram. Fig. 45. Here no compounds of the two elements are indicated. 

H. St. p. Deville said that mercury is not able to unite with aluminium, but 
something is wrong, fqr A. Cossa made aluminium amalgam by melting the two 
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metak in an indifferent gas; and C Tissier, by rubbing .nercurv «n alu,ni„i„,„ 
dipping m a soln, of potassium hydroxide. According to 1. Ifogh al^ U (' ()erste 
made the amalgam in 1825 If the surface of Iminiu^be w.di;d;mtd o 
moistened with the alltahne soln. a shining amalgam is formed immediatelv it comes 
in contact with the mercury. J. B. Bailie and C. Fery ^ 

said that if aluminium foil be placed in a tube with 
mercury, it oxidizes rapidly, and becomes heated, while 
the mercury becomes covered with a thin layer of alu¬ 
minium. By heating the two elements in an atm. ol 
carbon dioxide in scaled tubes on a .sand-bath, the 
amalgamation proceeds faster, the higher the temp., and 
the process is very active at the b.p. of mercury; the 
vapour of mercury does not attack aluminium, only 
liquid mercury attacks aluminium au conlntire, \'. Bier- 
nacky, and N. Tarugi said that the vapour of mercury 
amalgamates with aluminium. L. B. Bailie and C. l< cry'coat imied lhat aluminium 
has a definite solubility in mercury. As the tubes containing tlie hot sat. soln. 
of aluminium in mercury are cooled, a crystalline paste separates, (loating mi 
the liquid. This paste was strained off, and heated in a current of hydrogen 
in a covered crucible so as to distil off the mercury. Arborescent cry,stal8 of 
aluminium remained; their composition corresponded with memmj ditritnUi- 
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Flo. 46.—Freezing-point Curve of Mixtures of Mercury ami .Vluminiuni. 


minitlc, HgaAl 2 . A. Smits and 0. J. de Gruijter measured the f.p. of mixtures 
of mercury and aluminium, and their results are indicated in Fig. 4(i. The 
curve is comparatively simple. No compound is formed. There is a slight break 
at about 580" corresponding with the transition-point of aluminium. W. Ramsay, 
V. Biernacky, C. John, and N. Tarugi made the amalgam by the direct union of 
the elements. 1’. Oasamajor found that if aluminium, in contact with a zinc rod, 
be dipped into mercury covered with acidulated water, aluminium amalgam is 
formed. 

L. J’. C'aillctet, and C. Tissier made aluminium amalgam by the action ol 
ammonium or sodium amalgam on aluminium in the iiresencc of water. <1. K lauer 
states that if potassium amalgam be introduced into a hole bored in a crystal of 
alum, it immediately acquires a rotary motion which sometimes continues for 
half an hour; at the same time, the alkali amalgam becomes more viscid, and takes 
up much aluminimn. L. Bernegau found that dry almniniuni gradually forms an 
amalgam if tubbed with mercury salts—C. Reichard used mercurous or mercuric 
oxide, or mercuric amidochloride alone or made into a paste with mercurous chloride 
—mercuric sulphide alone or mixed with mercurous chloride gives no amalgam, 
but, according to H. Hurt, if the sulphide be moisteneil with a soln. of sodium 
hydroxide or hydrochloric acid, an amalgam is formed, J. Schumann found a 
mixture of aluminium foil with 75 per cent, of mercuric oxide resets vigorously when 
moistened with water. Aluminium with a clean surface obtajned by washing with, 
VOL. V. R 
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say, a soln. of alkali hydroxide, is amalgamated when dipped in an aq. soln. of 
mercuric chloride. This process has been used by J. B. Cohen and co-workers, 
H. WisUcenus and co-workers, and E, Kohn-Abrest and co-workers. E. Eohn- 
Abrest said that aluminium foil is scarcely affected if the sob. of mercuric chloride 
be less cone, than 0 01 per cent., but the action incr^ses as the cone, of the sob. 
increases. 1’. Nicolardot said that purified aluminium (99'2 per cent.) is more 
sensitive than this, for if the surface be clean, the action can be detected in sob. with 
a cone, less than 0 001 per cent. Both workers showed that the reaction is inhibited 
if the aluminium contains copper; but is not influenced by the traces of iron or 
silicon found in the commercial metal. J. P. Joule obtain^ aluminium amalgam 
by the electrolysis of sob. of an aluminium salt with a mercury cathode. 
L. P. Cailletet, C. Tissier, W. Kettembeil, and R..E. Myers used a similar process; 
the last-named said the process does not work with a sob. of aluminium sulphate. 
L. P. Cailletet obtained aluminium amalgam by connecting an aluminium wire 
with the negative pole of a battery and dipping it into mercury coveted with acidu¬ 
lated water; M. Krouchkoll added that if aluminium and iron be both connected 
with the negative pole of a battery, and similarly treated, an amalgam of the two 
metals is formed. A. Roger electrolyzed a sob. of an alkali aluminate with an 
anode made from a mixture of alumina and carbon, and a mercury cathode. 

According to C. Tissier, aluminium is made more electropositive by amalgamation, 
fur, said J. Klaudy, it precipitates far more positive metals from sob. C. M. van 
Deventer found that in neutral and alkaline soln., unlike aluminium, it is more 
positive than zinc; and, added J. W. Richards, its reactivity approaches that of the 
metals of the alkaline earths. R. Krcmann and R. Muller measured the electro¬ 
motive behaviour of aluminium mercury alloys; L. Kahlenberg and J. A. Mont¬ 
gomery studied the effect of amalgamation on the potential of aluminium (i/.c.); 
and alloys ol aluminium with co])per, zinc, or nickel. The amalgam very quickly 
loses its lustre in sir, and is readily, oxidized to alumina ; the growth of the oxide is 
so fast that it has some resemblance to the so-called Pharaoh’s serpents. The 
surface oxidation protects the portion underneath so that it takes may be 24 hrs. 
for the aluminium to oxidize completely. If the amalgam be warmed and agitated 
in air, more or less anliydrous alumina is formed, and it is coloured reddish owbg to 
the simultaneous formation of a little mercuric oxide. M. Krouchkoll said that a 
mixed amalgam of iron and aluminium oxidizes more slowly in air than aluminium 
amalgam. Observations on this subject have been made by C. Tissier, J. Klaudy, 
0. M, van Deventer, L. B. Bailie and C. Fflry, G. le Bon, W. J. Humphreys, A. Cossa, 
W. Ramsay, C. Jehn, H. Heuze, M. Robin, E. 0. Erdmann, J. Schumann, P. Spies, 
etc.-—t’«fc supra, the chemical properties of aluminium. Aluminium amalgam 
decomposes water at ordinary temp. The reaction has been studied by J. B. Cohen 
and W. R. Ormandy, G. le lion, 0. Reichard, P. Spica, L, B. Bailie and C. Pdry, 
0. M. van Deventer. A. Cossa, J. Klaudy, L. Hugounenq, E. Kohn-Abrest and co- 
workers, 0. Mohr, 11. Wisliccuus, P. A. E. Richards, V, Zunino, H. Henze, E, 0. Erd¬ 
mann, E. Mylius and F. Rose, V. Biernacky, P. R. Jourdain, etc .—vide supra. 
According to J. Klaudy, acids readily attack aluminium amalgam, and, added 
H, Wislicenus, even acids so dil. that they are without action on aluminium. 
C. Tissier, L. B. Bailie and C. Fdry, L. P. Cailletet, C. M. van Deventer, and E. Kohn- 
Abrest have studied this reaction; nitric acid, which scarcely affects aluminium 
en masse, dissolves out the aluminium from the mercury. L. B. Bailie and C. Fdry 
state that aluminium amalgam is attacked by a sob. of potassium hydroxide, formbg 
potassium aluminate. The reducing action of aluminium amalgam on nitrates and 
nitrites has been studied by J. B. Cohen and W. R. Ormandy; on alkali chromates, 
diohromates, and ferricyauides by C. M. van Deventer; and on. potassium per¬ 
manganate by J. Klaudy. F. W. Bergstrom found that amalgamated aluminium 
reacts with sodamide in liquid ammonia sob. to form a definite crystallme com¬ 
pound, apdinm tetramido-alnminate, Na{AI(NH 2 )«! or AlfNHjlz.NHNa.NH*, 
wbch loses one mol, of ammonia on heating in a vacuum above 90°, formbg 



ALUMINIUM 


243 


AI(NH 2 ) 2 .NHNa. Tie actions of potassamide on anialgamatod alununium and on 
magnesium are analogous in character. A .soln. of sodiiun in liquid ammonia 
reacts with amalgamated aluminium to form the same couijtound. The mercury 
does not play an essential part in the reaction. J. B. Bailie and C. Fery state that 
if antimony amalgam be mixed with aluminium amalgam, small crystals of 
antimony are formed on the surface; the aluminium then oxidizes so that the 
mercury is freed from both metals. This recalls the action of lead on a molten 
alloy of tin and aluminium which results in the expulsion of the aluminium. The 
action of aluminium amalgam on alcohol has been studied by H. Wislicenua and 
co-workers. D. P. Konowaloff, W. Tischtschenko, and J. Klaudy ; on alkyl iodides, 
by H. Wislicenus, H. Heck, etc, C. Radziewanowsky used the amalgam in the 
synthesis of aromatic hydrocarbons. The energetic reducing action of the alu¬ 
minium couple on organic compounds has been studied by H, Wislicenus and 
co-workers, J. B. Cohen and co-workers, F. H. van der Laan, j. Klaudy, A. Lichen, 
M. Hanriot and A. Kling, H. F. Hunt and L, J. Steele, etc. E. Kohn-Abresl and 
co-workers found aluminium amalgam precipitates tannin and many alkaloids - 
nicotine, quinine, cocaine, etc., from soln. 
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§ 8. The Occurrence of Aluminium Oxides 


Crystalline alumina occurs in nature as the mineral corundum, rorimhii, or 
adamantine spar. There are three main varieties distijiguished hy the structure 
and by the degree of purity. (1) The transparent or translucent gem stones named 
according to their colours—the true or oriental ruby is red varying in tint from pale 
rose to carmine-red, brownish-red, and bluish-red—the most prised variety is said 
to be pigeon’s blood-red. The red colour is attributed to the presence of a little 
chromic oxide. The sapphire varies in colour from a pale blue to a di'e|i mdigo-blue. 
The paler varieties are sometimes described as feminine in contrast to the di'cper 
and richer varieties called masculine. “ Oriental ” is sometimes prefixed to t he, name 
of the corundum gem-stones to distinguish them from other minerals po8.ses8ing 
the same colour— e.g. the oriental topaz or yellow sapphire is yellow ; the, oriental 
emerald is green; and the oriental amethyst or violet-ruby is purple the true 
amethyst is a variety of quartz. A variety of sapphire having a stellate opalescence 
when viewed in the direction of the vertical axis of the crystal is the stellate or 
astcriated sapphire. The six-rayed star reflected from the basal plane is due to 
the presence of numerous thin twin-lamella! in the mineral. (2) Common corundum 
is transparent with no pronounced colour—for the tint varies from blue to grey, 
brown, or black. (3) Emery, a kind of granular corundum mixed with more or 
less magnetite or hmmatite. 

The sapphire, odirgxipos, of Theophrastos,' the snphiros of I’liny and of the 
ancient Greeks and Romans, were the lapis lazuli of the present ilay. It is, however, 
possible that the ancients included other minerals in the term, because IMiny sairl 
that the best purple sapphires come from Median. The origin of the term “ sapphire " 
is not known ; C. A. S. Hofmann said that it is a Grecian word taken from Island 
of Sapphirine in the Arabian Sea, but C. 0. von Leonhard believed that the island 
was named after the mineral, and that the term is of Semitic origin ; while S. Friinkel 
assumed that although the word is employed by Moses (Exodus, 24. 10), it was 
imported into the Semitic language. Emery is the Armenian uhetsUme, or the aidinj 

ipiimas of Theophrastos; the smiris, or o-pe/n's, of Dioscorides; the naxim 
(from Naxos) of Pliny; the smiris of G. Agricola ; and the smergel or smirgel of 
J. G. Wallerius. In 1609, A. B. dc Boot defined the sapphire, asteria or scl gemma, 
ruby, and smiris. The similarity in the crystalline form led J. B. L. Rome de Tlslc 
to suggest the identity of these minerals, and R. J. Hsily placed the ruby and 
sapphire into one class which he named (Uhsie, from riXtua, perfect, but he re¬ 
garded* smirgel as fer oxydf quarliifire, and corundum as un substance terreux. 
S. A. Papavasiliou described the deposits at Naxos. T. Bergman analyzed sapphire 
and found AljOj, 68; SiOj, 35 ; CaO, 5 ; FejOj, 2 ; R. Chcncvii also reported 
5-7 per cent, of silica in sapphire, ruby, and corundum. M. H. Klaproth supposed 
that in addition to alumina, corundum and sapphire contained a new earth; 
S. Tennant showed that emery from Naxos is largely composed of alumina, and 
H. Rose stated that any silica found in the analysis of corundum is derived from 
the agate mortar used in the grinding. Numerous analyses have been made by 
.1. L. Smith, K. Pfeil, A. Terreil, and others. The following are by J, L. Smith : 


Sapphire, India 
Ruby, India 
Corundum, India 
Corundum, Nicaria 
Emery, Naxoe 
Emery, Samoa 


Al,0, 

PAeOs 

• CaO 

810, 

H,0 

97-61 

1-89 

— 

0-80 

— 

97-32 

1-09 

— 

1-21 

— 

93-12 

0-91 

1-02 

0-98 

2-88 

87-62 

7-60 

0-82 

2-01 

0-68 

88-63 

24-10 

0-80 

3-10 

4-72 

70-10 

22-21 

0-62 

4-00 

2-10 


The best rubies are found in clays and river sands at Mogok in Upper Burma; 
a less important locabty occurs in the Sagyin Hills, Mandalay, also in Upper Burma. 
First-class rubies occur in the Cspelan Mountains near Syriqpi (Pegu Avs). Less 
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valued rubies are found in the provinces of Cliantabiin and Krat in Siam ; at Bilin 
and Merowitz (Bohemia), and in the sand of the River Expailly (Auvergne). There 
are ruby mines in Badakshan on the Upper Oxus; and in Ceylon. The American 
localities are Newton (New Jersey), Lownes County (Georgia), Macon County 
(North Carolina), etc. Blue and star sapphires are brought from Ceylon; they 
have also been found near Sinda Bass (Himalaya Mountains). The deposits of 
green and yellowsapphires in Central Queensland have been described byB.Dunstan. 
T. H. Holland has described the corundum deposits of India; J. Morozcwicz, 
l{ua.sia; F. Zirkel, Austria; G. A. F. Molengraaf, South Africa; J. H. Pratt, 
United States; A. liacroix, France; M. F. Heddle, Scotland; J. W. Retgers, 
Holland ; etc. The emery deposits of Asia Minor and of the Grecian Archipelago 
have been described by J. \j. Smith and A. Hiinig, and those in the United States, 
by J. H. Pratt. 

Bluish crystals occurring in some meteorites - F. Wohler, E. Cohen, and 
E. Wein.sclienk are thought to be crystallized alumina or corundum. It was 
supposed by A. A. Jidien, T. M. Chatard, etc., that corundum was not primarily a 
pyrogenic mineral, and its presence in igneous rocks was attributed to accidental 
inclusions. Tln^ work of J. Morozcwicz, and A. Lagorio has shown that corundum 
is of igneous origin, for it and 8))inel are among the first minerals to separate from 
e(dn, of alumina in molten basic glasses. They conclude; 

(1) When tlio ina^riui in a calciuin-sodinm-|>otafl«ium alumina 1 h*I( 1 in soln. 

by itiK’h a ma^rna will Hpparato out aa curumluin, oxcefit wlion (ho ratio of iho alumina to 
the otlier basoH jh more than 1 : I and tbo ratio of tho silica ih Iohh than hIx. (2) If nia^nesia 
and iron aro prcHonl in tho magma thus compoHtxl, conmdum will not form unloas (hero is 
more (ban I'umigh alumina to unite with tbo magnesia and iron. (!t) When ttie magma is 
compos'd of a magnesium silicate without excess of magnesia, all (lie alumma held l>y such 
a magmiv will st'pitrate out as corundum. (4) Whert* tiicro is an excess of inagneKia in the 
magma just described, this excess will unite with a jicrtion of tlie alumina to form 
spinel, and the rest of tho alumina will soparah' out as eorimdum. (o) Whore thei-e 
is chromic oxide present in a magma composed essentially of a magnf'siuni silicate (as tlio 
peridotito ixicks) aiul only a very little alumina and magnesia are prosi'ut, thost', uniting, 
separate out with chromic oxide to form tho mineral chromite, ami no corundum or spinel 
Is formed. (tH Wlien peridotito mngnma contain, besides the alumina, oxides of the 
alkalies and alkali earths, as soda, potasli, and lime, a portion of the alumina is used in 
uniting with these oxides ami silica to form feldspar. (7) 1’here is a strong tendency for 
tho alumma to unite witli tiu' alkali and ulkali*earth oxi<le.s (o form double sdicati's like 
folf^pars, whether such .silicates form the chief minerals of the resulting rock or are prestuit 
only in relatively small amount. There is, how'cver, but little (oiidency for the alumiiia to 
unite with magnesia to form double silicates when the magma is a magnesium silicate. 


In addition to colloidal alumina,- there are thrive jioHsihle hydrated forms of 
this oxide: 


0 < 


AI---0 
Al-0 


0 < 


Al (OH), 
Al-0 


i.'uruniliiKi* i)ljut|K)rv- 


0 < 


Al-(OH), 

.\I==(0H)2 


bauxite* 

AI,0{()H)4 


Al (OH), 

UlSIxllr- 

AKOIDj 


Clays, iikalizHl by thp formula AI.J)|,.2Si0.j.2H./), ami nonttonitf idi'ulizvii by 
Fe,08.2Si0j..2Hj0, may be rogardod as tho end-products of the weathering of 
felspathio rocks in the temperate climes, but in tropical and subtropical countries 
the process is said to extend further; the aluminosilicates ate mote completely 
decomposed, for aluminium and ferric hydroxides appear to be the end-products. 
It is not cleat how the relatively small difference of temp, between tcmjwrate and 
tropical climes can produce such a difference in the decomposition products in 
aluminosilicate rocks. The deposits of red earths and soils, called by F. Buchanan 
(1807) lateritea —from loter, a brick or tile—found in India, Hawaiian Islands, 
Rhodesia, French Guinea, West Australia, Mozambique, etc., are mixtures of clay, 
silioa, hydrated ferric and aluminium oxides, etc. Like clays {q.v.) they may be 
found in' sUa, or they may have been transported by streams of water, and 
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deposited elsewhere. Durii^ the leaching, the laterite may have been freed from 
certain extraneous matters, and contaminated with others. Analyses of internes 
have been reconstructed to show that when an allowance has hei*n made fur (he 
accompanying quartz, and clay, the contained water agrees with (he assumptiim 
that the residue is of the bauxite type mixed possibly with some gibbsitc, diaspore, 
and limonite. As emphasized by C. 0. Swanson, there is no sharp Hue of demar¬ 
cation between bauxite and laterite; and he regards them as a ^x'cidiar type of 
clay. A. Luz, after reviewing tin* evidence on the formation of laterites. conehuleil 
that the different stages in the weathering of th(‘ basic alnminosdicates arc: 
(i) the formation of colloidal aluminium silicate ; (ii) colloidal alumina and silica ; 
(iii) crystalline hydrargillite; and (iv) crystalline dias[)ore. 

According to E. Dittler and C. Doelter, commercial bauxit(‘s are to he rcganled 
as rocks since they are compounded of various minerals - diaspor<\ gnbbsite. and 
the amorphous aluminium hydroxide bauxite, together with intermixed limonite, 
hffimatite, and clay. Such mixtures have been named dui.^torife, (pUtsUile, or 
bauxitite, according to the predominance of one or other of these constituent 
minerals. The two former are referred to as cnjstadoida! alumoliles, and the 
latter as colloidal alunwUtcii. 

The weathering theory of the formation of bauxite is employisl to explain 
ileposits in Germany,^ Hungary,'* Spain,^ British Guiana,® at Auvergm* (France),'^ 
Irdand,® Arkansas,® South Africa,*® etc. The deposits in Auvergne are derived 
from gneiss rocks; those in Hesse, Ireland, and Australia from ba.saltie rocks; 
and those in Arkansas from syenitic riK'ks. The French bauxites are assoeiatiui 
with cretaceous rocks, and they have lieon regardo«l as de])osits from hot waters 
carrying alumina in soln.** The Georgia-Alabama bauxit<> fiidd *- is also assuined 
to have been deposited from lagoons. 

In 1821, P. lierthiiT analyzed ahiminr hydralec dcs Jicaui, near Arh'S, Depart¬ 
ment Bouches-du-Rhone, and found ALO,.), r»2’(>; Fe^O.-j, 27 (i; IRO, 20'4 per cent, 
and a trace of chromic oxide. A. P. Dufrenoy named this product heauxitc an<l classed 
it with gibbsite, although he recognized that (he composition of the two substances 
is very different. H. 8t. (\ Deville called it bauxite. •!. F. L, Ilausmanii regarded 
it as a mixture of bydratiMl alumina and fiTrio oxide, and repre.sented its com¬ 
position by Al20:{.2H20, intermediate between gibbsite and diaspore. A. Fleclmer 
named the deposit at Wochein (Styria), wnchrinUr : and C. Adam, the deposit 
at Cliachc (Dalmatia), cJiachilc—vuk infra, colloidal aluminium hydroxides. 
Bauxite is a mixture of hydrated aluininiuni oxi^les in which the molar ratio 
Al 2 Da: H-^O varies from 1:1 to 1:3. The old standard formula A10(0H)4 
thus belongs to an idealized compound. The colour varie.s from white to jiale 
cream or red and dark brown: honce ferruginous bauiiles are red-eolourod, and 
non-ferruginous Ixiuxiles are whit(‘ or cream-coloured. Bauxite usually has a 
concretionary structure, and the size of the concretions distinguishes between 
■pebble ore, and pisohfic ore -ttcVov, a pea, and oolitic ore - uh>v, an egg. The amorphous 
ore has scarcely any trace of the concretionary structure, and it may bo soft ami 
friable, or hard and compact. 

The bauxite produced in the United Kingdom comes from Ireland, where it is fotmd 
asBociateil with the pisoHtic iron ores and lateriUwt at Clegnagh, KHsntholam, TuftArno 3 ', 
Glenurm, Irish Hill, Atraid, etc., in County Antrim. Tliero is also a dejiosit at Killygwsai, 
County Londonderry. 'Hie deposits have l)eeni described by (1. A. J. Cole, E. Hull, and 
Q. H. Kinaban. The bauxite lies next to the upper basalt tmloitti, as is sometimes the ease, 
a layer of lignite intervenes. The strat um of bauxite generally merges into iron ore running 
30-60 per cent. FejOj. The upper part of the iron ore contains small nodules of iron oxide 
the size of peas. These gradually diminish in size as the stratum merges into bauxite 
clay. The bauxite varies in thickness from 2 ins. up to 2 ft.; under the bauxite is a layer 
of bole 2 ft. to 10 ft. thick; this is followed by a stratum of slate-coloured clay called litho- 
marge, 20 ft. to 30 ft. thick. The lithomarge contains SiO^, 40 75; Al20» 20*88 ; FegO|, 
0*61; 5*48 per cent. There are intrusive dykes here and there. Bauxite mining 

b^an in Ireland in 1871. The alumina in Irish bauxite is almost all soluble in^lphunc 
ac^, while about 8 per cent, of the lUumina in French bauxite jjf insoluble, dark 
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AI.O, 

F«,0| 

H,0 

810, 

TiO, 

CaO 

MgO 

63-83 

1-67 

29-27 

8-67 

5-80 

0-62 

0-13 

62-00 

4-67 

24-00 

12-00 

6-20 

0-79 

0*20 

46-13 

16-14 

23-39 

10*40 

4-21 

0-18 

0-26 


aw 

blui»h viirisly of bauxite has usually the highest proportion of alimina. The dried and 
ground bauxite from Irish Hill had the following percentage composition: 

Iflt qiJttlity 
2n<I quality 
3rfJ quality 

With KJ) mpeclivoly O-llI, O'OX and 0'04; NaM 0-00, 0-02, O'M; H,SO,, 0^7, 0-07, 
and O'IV; mere traces of phosphoric oxide, and hygroscopic moisture lost at 100 , 7'BO, 
O'm, and O’Sff. .. . . 

In France, there is a band lying almost parallel with the Mediterranean m the depart¬ 
ments of Hbrault, Boucho8-du-Rh6ne, Var, and Alpee-Maritimes. 1110 Imuxito from 
Villeveyrac (Htirault) is white and contains a high proportion of alumina with but little 
iron and silica. It is used in the manufacture of aluminium salts. The red-banded bauxite 
of Baux (Arles) contnins about (10 per cent, of alumina. It is used in the manufacture of 
aluminium. The dark red bauxite of Tlioronet and Luc (Var) has a splintery or conchoidsl 
fracture. Valuable deposits of bauxite occur in Italy near Abruzxi and Tamnium. 
F. Komer-Marilaun studied the bauxite deposits of the East Adriatic. In Jugo-Slama, 
bauxite iHi urs in llalmatia, Kammlajanc, Blaca, Konjsko, and Kalun. In Rumania, there 
are deimsits in the Biliar Mountains, and at Fata Oarza. A siliceous bauxite has been 
re[)ortod from Catalonia in Spain. A deposit of high-^ade bauxite has been found on 
Mount Ejuanoma on the (lold Cotttt, Many laterite deposits in India were highly aluminous. 
The richest deposits are in the Baihir plateau, and near Katiii m the Central Provinces. 
Bauxite also occurs near Chota Nagpur, Sarguja, Bihar and Orissa; in Bhopal and 
Kowah, Central India ; Satara, Bombay ; and in the Madras Presidency. Deposits have 
been found in AuHniha —various parts of Queensland, and New South Wales ; in Yanka. 
billa, Soulh Australia ; and on the Darling Kange and Eastern Goldfield of West Australia. 
'Phe chief occurrences in the United States are in Arkansas, Georgia, Alabama, and Teimessoe 
— perhn[i8 80 per cent, of the output being obtained from mines in Arkansas. Deposits 
occur ill Dutch tluiana, French (luiana, and British Guiana. 

Numerous analyses of bauxites have been reported.^ A selection is shown in 
Table V. According to F. Laur, the average alumina in thousands of shipments 


Taiii.ii V. -AuAnysES ov Bauxites. 
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AljOj 1 

Fe,Oa 

VogolHboi-g . 

60-92 

16-70 

Monto Turi’liio 

65-01 

24-29 

I’fWi-ina 

Villevoyrao . 

41 13 

24-81 

66 *(K) 

17-60 

Villevoyrao . 
Thoronot 

76-90 

0-10 

09-30 
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44-66 

19-08 

(loorgia 

62-94 

12-29 

Ai-katiaoa 

40-44 

22-16 

ArkmiHOM 

62 05 

1-06 

(lokl CoaKi . 

00-66 

9-76 

Dalmatitt 

67-9 

24-3 

Bihar (gn*y) . 

09-0 

30 

Bihar (i-od) . 
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26-3 
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06-48 

3-77 
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MgO 

28-60 

i 

MU ■ 
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2-44 

, 0-58 

0-25 
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6-28 i 

2-70 

8-24 
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4 00 
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— 
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26-68 
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3-60 

— 

— 

26-,69 

1-42 . 

2-21 

0-73 

— 

12-0 

1-2 

4*2 
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15-0 
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— 

— 

— 

11-0 

1 .I'O , 


— 

— 

10-38 

' 0-38 1 
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— 
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of French bauxites was fifi (19 per cent.; the sum of the three variables, water, silica, 
and ferric oxides, approximated to 27 percent.; and the accessory substances averaged 
3 to 4 per cent. A. Cobenzl, and M. Ragg attributed the blue colour to the presence 
of colloidal ferrous oxide. Titanium is almost invariably present, and when not 
reported, it may be assumed that the amount has not been determined; its amount 
ranges usually from 1 to 10 per cent., although higher proportions are sometimes 
found. According to T. L. Watson, the amount of titanium is usually highest in 
the pisolitio ores and lowest in structureless bauxite. A. von Liebrich, and J. Lang 
state that it occurs as free titanic oxide, or ferric titanic oxide. Silica is always 
present iA bauxites in^amounts varying from one to several per cent.; it is probably 
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proseiit aa clay and quartz. H. Arsandaux said that the silica in bauxite is more 
often present as clay than as quartz ; and, in agreement with P. Berthier, the iron 
is present as oxide rather than as hydroxide. The low-grade bauxites with, say, 
.10 to 35 per cent, silica may be. usually regarded as bauxitic clays. It may be 
added that a scries of natural products can be obtained passing by insensible 
gradations from corundum through bauxites, lat»‘rit(‘s, clays, arenaccons clayiS, on to 
silica; or from corundum, through the ferruginous clay.s, on to h.Tniatitc. I). 0. Wysor 
has discussed the nature of the bauxitic or diasporc clays of Missotiri and Arkansas. 
Common impurities, not always reported in analyses because usually present in 
but small proportions, are compounds of calcium, magnesium, potassium, and 
sodium—phosphates, sulphates, and carbonates. H. St. 0. Uevilic found minute 
quantities of vanadium to be contained in some samples of bauxite. There are also 
present traces of molybdenum, tungsten, etc., not separated from the alumina by the 
usual precipitating agents. K. L. y Gamboa found gallium in bauxite. 

A. Lacroix said that under the microscope, bauxite is ahsoinmeni coUoides; and 
F. Cornu has described the gel characteristics of die isolropen Suhlanzes dex liauj lles. 
H. Stremme discussed the colloidal nature of many of the aluminosilicates. 
F. Slavik gave 1'60-1'61 for the refractive index of bauxite. E. Ldwenstein measured 
the vap. press, of bauxites. 

R. S. Bayer obtained a residual soln. after removing all the known elements, and reported 
that it contained a new element which ho named bauxium. The soln. on speetroacopie 
examination was later shown to contain a mixture of the elements just named along with 
traces of lead, copper, bismuth, etc. A mixturo of ammonium vanadate and tungstate 
gives all the reactions which R. S. Bayer thought to bo charardoristic of bauxium. 
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§ 9. Aluminiam Oxides 

J. E. Ashby i reported that wheu alumina is heated red-liot, and quenched in 
alcohol, it becomes black; and claimed that the black colour is not due to carbon from 
the decomposition of thealcohol because it also appears when the alumina is quenched 
in cone. aq. ammonia. He suggested the black colour is due to the formation of a sub- 
oxide. The object of H. 8 t. 0. Ueville in working on aluminium was to prejiarc alumin¬ 
ium suboxide, AlO, analogous to ferrous oxide, FeO. lie fried to make the sub- 
chloride, AICI 2 , by passing the vapour of the trichloride, All'L, over the metallic, (lowder 
formed by reducing alumina with potassium. He obtained fine globules of aluminium 
embedded in a mass of potassium aluminium chloride, Alt'lj.Kt'l, but no subchloride. 
His attention was thence diverted to the metal, and he did not make any further 
experiments on the suboxide. No aluminium suboxide has yet been une(|uivocally 
demonstrated as a chemical individual. (1. A. Kenngott said that if calcined and 
powdered diaspore, corundum, or artiticial alumina be moistened with water, and 
healed in a reducing flame, a suboxide is produced ; and E. Beetz said that in the 
electrolysis of soln. of sodium chloride with alundnium electrodes, the cathmie 
becomes covered with a black layer of what he regarded as alumiidum suboxide, 
analogous to magnesium suboxide obtained under similar conditions. A. Uuboin 
stated that by igniting an intimate mixture of a mol of alumina with four gram- 
atoms of aluminium at one point, the whole mass becomes incandescent, and 
aluminium suboxide, AlO, isjormed. E. Kohn-Abrest claimed to have made a 
pearl-grey jiowder by heating aluminium in air to UKK)“ for about an hour; he 
said that the jiroduct is homogeneous, and gives hydrogen when treated with hydro¬ 
chloric acid ; analyses correspond with AI 4 O 3 or ALO. J. Fionchon claimed to have 
made a suboxide, A^O?, or SALOj.AhiO, by heating aluminium in the oxy-hydrogen 
blowpipe flame fed with comparatively little oxygen. The grey powder remaining 
after the brilliant combustion, di 8 .solves partially in hydrochloric acid evolving 
hydrogen, and leaving a residue of alumina. These experiments agree with the 
assumption that the grey powder is a iiii.xture of aluinina and finely ilivided 
aluminium. According to 0. Winkler, a mol of alumina mixed with a gram-atom of 
magnesium and heated in a current of hydrogen gave a black powder which was 
assumed to be a mixture of 40 per cent, of the suboxide, AlO, with undecompost'd 
alumina, and magnesia. 

According to E. Grobet,® on adding sodium hydro.xide to dil. soln. of aluminium 
nitrate, insoluble aluminium hydroxide, and soluble sodium nietuhiminate, and 
sodium ortho-aluniinate are successively formed. When dil. soln. of aluminium 
sulphate or chloride or potash alum are used, aluminium hydroxide, basic sodium 
aluminate, Al(ONa) 3 .Al(OH) 3 , and sodium ortho-aliiminate arc formed successively. 
Cone. soln. of aluminium cldoride, nitrate, or sulphate iirodiice under the same 
treatment a basic salt of the type, AIX 3 . AlfGHja, which is followed by the hydroxide, 
metaluminate, and ortho-aluminate. (,'imc. soln. of potash alum yield a basic salt, 
Al 2 (S 04 ) 3 . 2 Al( 0 H)a, aluminium hydroxide, a basic aluminate, AlfONaja, AI(OH),, 
and the ortho-aluminate. In preparing hydrated alumina, Al^Oa.nllaO, an alkali 
hydroxide is added to a soln. of an aluminium salt; or, preferably, aq. ammonia is 
used because the precipitate is insoluble in an excess, and it introduces no non¬ 
volatile constituent into the system. The slimy mass is diflicult to wash. To 
facilitate the washing, it is best to conduct the precipiUtion with boiling soln. and 
wash the hot precipitate with a hot soln. of ammonium nitrate or chloride. The 
ignition of the washed precipitate furnishes alumina. 

Acconiing to J. J. Berzelius, and C. P. Biicholz, if ammonia bo aildod lo a soln. of alum 
a basic suluhato will be formed. H. Kriiinor said not if the alum soln. be added to the 
ammonia: but O. C. Wittetein and 8. von Thielau still found the prerijiitato contained 
sulphates. J. J. Berzelius precipitated a hot aoln. of alum free from iron, with alkali 
carbonate, digested the preeipiwte with the mother liquid to decompoac what ho regarded 
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us a basic sulpliaU), washed it thoroughly with water; diwlved it in hydrochloric acid ; 
re-prccipitatcd with ainiuoiiiai and ignited. J. von Liebig treated a soln. of alum with 
barium chloride, evajiorated the filtrate to dryness, and washed the chlorides of barium and 
potassium from the ignited product by means of water acidulated with hydrochloric acid. 
0. Eltmann and 0. J’etterson added barium chloride to a soln. of potash alum, and pre¬ 
cipitated the hydroxide by adding ammonia to the filtrate; the washed precipitate was 
dissolved in hydrochloric acid and again precipitated with ammonia. After a third treat¬ 
ment they found, the precipitate to bo quite free from alkali. 

These processes are not sufficiently economical to be worked on a large scale, 
(hie of the easiest methods of making alumina is that recommended by J. L. Gay 
Lussac, namely, to ignite at a red heat ammonia-alum which has been dehydrated 
ami partially decomposed at a low temp. A little sulphuric acid still remains with 
the alumina. C. Rrunner showed that, if necessary, this can be lemoved by moisten¬ 
ing the mass with a soln. of sodium carbonate, drying and again igniting. When 
the product is washed with water, the sulphuric acid is removed as sodium sulphate. 
The alumina is now contaminated with a little sodium hydroxide which cannot be 
removed by washing, if potash-alum be ignited, most of the potassium sulphate is 
washed out before the last ignition. F. Wohler recommended igniting a mixture of 
aluminium sulphate with 20 per cent, of sodium carbonate, and afterwards washing 
the sodium sulphate from the alumina. M. Buchner has suggested several methods 
of making granular hydrated alumina. 

The preparation ot alumina trom bauxite or aluminous earths. - The bauxite 
used in the preparation of aluminium must be freed from the contained silica, titanic 
oxide, and ferric oxide, if the aluminium is to be obtained of the required degree of 
purity. The Irish bauxite containing on the average: AljOj, 56; FcjOj. 3; 
Si 02 ,i 2 ; TiOu, 3; water,. 26 per cent., has been employed for this purpose; bur, 
according to F. K. l,ow, it is considered uneconomical to work bauxite with over 
about 3 per cent, of silica. The French bauxite may have up to 75 per cent, 
alumina. The process of puritication involves two main operations: (i) the pre¬ 
paration of sodium aluniinatc and the soln. of this salt to separate it from the 
ferric oxide; and (ii) the |)rccipitatiun of hydrated alumina from this soln. At 
Salindres, where 11. St. (1. Dcville's aluniiidum process was employed, alumina was 
obtained from bauxite by L. le Chatelier’s process. 

An intimate mixtui-o of powdered bauxite and 3U per cent, sodium carbonate, is 
liypted in a reverlieratory furnace ; when the reaction is conipiotod, the sodium aluminate 
is looehed from the insoluble ferric oxide with a dil. soln. of aluminate from the preceding 
charge. The cone, liquor is treated with carbon dioxide to precipitate the alumina. The 
furnace charge is again washed with water, and the dil. soln. is employed for leaching the 
next charge. Tlie iiquor is agitated while it is being treated with carbon dioxide; the 
precipitation occupies about 6 -U hrs. The soln. of sodium carbonate is decanted from the 
alumma, and evaporated to furnish most of the alkali carbonate required for the next charge 
of bauxite. The moist alumina is treated in a centrifugal washer to remove the adherent 
sodium carbonate, washed with water, andagain centrifuged. The product contains 47'5 per 
cent, of alumina, 60'0 per cent, of water, and 2*5 per cent, of sodium carbonate. 

According to G. and F. Lowig, a soln. of alkali aluminate can bo precipitated with 
hydroxide of calcium, strontium, barium, or magnesium, forming the alkali hydroxide 
and a mixed precipitate of hydrated alumina and lime, strontia, baryta, or magnesia. 
The precipitate is washed by decantation and divided into two portions—one is 
dissolved in hydrochloric acid, and the other made into a.mush with water. The 
latter is gradually added to the former until very little alumina remains in soln. 
Hydrated alumina is thus precipitated, and the chloride of the alkaline earths or 
magnesia passes into soln. 

Instead of precipitating the alumina from the aq. soln. of sodium aluminate by 
treatment with carbon dioxide, in C. J. Bayer’s process ^ the hydrated alumina is 
precipitated by adding hydrated alumina itself. In 1833, P. A. von Bonsdorff 
showed that a sat. soln. of gelatinous aluminium hydroxide in potash-lye, slowly 
deposits crystals of gibbsite, when kept in a closed vessel for some days. A. Mitscher- 
licb, and L. P4au de ^t. GiUes show^ that aluminium hydroxide becomes sparingly 
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soluble in aci^ when it has been allowed to stand foi some time; and M. Berthelot 
attributed this to une condensation mlktdaire de Valumine. The hydrated alumina 
precipitated in C. J. Bayer’s process is in the crystalline form, and C. J. Bayer, and 
A. Ditte assumed that two varieties of hydrated alumina are involved—the gelatinous 
and the crystalline; and that the crystalline form is far less soluble than the 
gelatinous. A soln. sat. with the gelatinous hydroxide must therefore be super¬ 
saturated with respect to the crystalline form; consequently, if the soln. of the 
gelatinous hydrate be seeded with the crystalline hydrate, precipitation will occur. 
It. Euss has adopted a similar explanation ; he called the more soluble ami less 
stable form the o-hydrate, and the crystalline, less soluble and more stable form 
the S-hydratc, The precipitation of the latter from a soln. of the former depends 
on the rate of transformation of the o- to the jS-hydrato; and this is favoured by 
hydroxyl ions. F. Russ measured the solubility of the j3-hydrate (mols ALO^) in 
soln. of sodium hydroxide of different cone, (mols NajO per 1 (K) mols of II 2 O), at 
19°, as shown in Fig. 47. There is a rapid increase in solubility with increasing cone, 
of alkaUfor soln. with over 5 2 mols Na 20 per 1(X) mols of water. He also found 
the times at which precipitation occurred with soln. of the gelatinous a-hydrat« in 
soda-lye of different cone., between 19°-22° : 

Sp.gr. of lye . 1 013 1 063 Mil M73 1-240 1-301 I-31U 1-530 1-570 

Time (days) . « } t 3 1 1 2 0 38 

8mal) colloidal Large i^iimll 

Crystalline 

. In the second and third cases the precipitate became crystalline in about 10 days. 
After allowing the mixtures to stand 22 weeks, at about 20°, the amounts of hydrated 
alumina precipitated from soln. of different cone, are indicated in Fig. 48. The 




Fid. 47.—Solubility of Alumina in >SoIu(ions Fio. 4H. —Precipitation of Aluminu from 
of Sodium Hydroxide. Solution in Sodium Hydroxide. 

/3'Curve is the reciprocal of the solubility curve ; the a-curve is not so easily inter¬ 
preted because of the transformation of a certain proportion tf the a* into the 
)3-hydrate. The curve also shows that the maximum precipitation occurs with soln. 
of sp. gr. approximately 1*2. 

J. Sutherland has described the process employed at Lamo Harbour. Tlie bauxite is 
ground, calcined, and then agitated under press, with a cone. soln. of sodium hydroxide— 
sp. gr. 1*46. Soditim aluminate passes into soln., while.the ferric oxide, silica, and titanic 
oxide remain undissolved. Tlie soln. is diluted to a sp. gr. 1*23, and passed through filter 
presses, and then through wood-pulp supported on )th in. mesh sieves. Tlio liquor is then 
ready for the piwipitatiou. This is effected by agitating the liquor in tanks for about 3« 
hrs. with some of the aluminium hydrate from the preceding charge. The precipitation 
continues until the molar ratio AljOj: Na,0 is about 1: 6. In practice about 70 per cent, 
of the alumina in the soln. of sodium aluminate is precipitated. The mixture is allowed to 
settle for a short time, the clear liquor is run into weak liquor tanks, and the slurry of 
hydrated ahunina is pumped into filter presses where the alumina is washed, dried, and 
calcined to (ibout 1100*. Euougti hydrated alumina is left in the precipitation tank to 
begin the decomposition of the next charge, llie liquor is then cone, by evaporation up 
to a sp. gr. l’4fi and used for extracting alumm^ from the next charge of bauxite. 
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C. M. Hall |)ro[) 0 »ed to extract the alumina from bauxite by heating the powdered 
mineral with a solti. of calcium hydroxide and sodium carbonate or hydroxide under 
high press. He claimed that calcium phosphate, carbonate, and silicate remain 
undissolved while sodium aluminate passes into soln. The hydrated alumina is 
then iirccipitated in the usual way. F. B. Lowe described the extraction of 
alumina by this process. The (Jheraische Fabrik Greisheim-Elektron found that 
there is no need to work at a high press, if a temp, of 180'’-200‘’ be employed 
with potash-lye, or 35y'’-5(X)° with soda-lye. F. Curtius, and F. Kunheim have 
suggested modifications of the process tor obtaining a soln. of sodium aluminate from 
bauxite. To separate alumina of a high degree of purity from the soln. obtained by 
treating bauxite with sodium hydro.xidc, J. A. Bradburn and J. D. Pennock proposed 
a kind of fractional precipitation of hydrated alumina with carbon dioxide or calcium 
hydroxide. K. Everhart agitated the disintegrated bauxite ore with a dcfloceu- 
lating agent, such us sodium hydroxide soln., until the clay matter is all in 
suspension; granular bauxite remains. R. S. Sherwin leached a sintered mixture 
of bauxite or clay with lime and a sodium compound. Silica is precipitated when 
the soln. is heated under press. 

Fused sodium chloride docs not react with bauxite, but if steam be present sodium 
aluminate is formed and hydrogen chloride evolved. This process was recom¬ 
mended by K. A. Tilghmaim.^ A proposal has been made by J. H. 0. Behnke to 
obtain alumina from bauxite by calcining a mixture of the mineral with sodium 
sulphate, carbon, and ferric oxide. According to F. Lauer, it is advantageous to use a 
little Bialium carbonate with the sulphate. The frit is leached with water when 
sodium aluminate and sulphate pass into soln. The hydrated alumina is precipitated 
in the usual way; the insoluble residue has to be roasted and fused over again.' 
J1. I’latsch, K. Lieber, A. Clcmm, and D. A. Peniakofi have suggested modifica¬ 
tions of this process. K. Collett fused the bauxite with lime and a little sodium 
carbonaU', treated the powdered jiroduct with a soln. of sodium hydroxide, and 
pri'eipitated the alumina by carbon dioxide. K. von Wagner boiled bauxite in a 
soln. of sodium sulphate whereby hydrogen sulphide was evolved and a soln. of 
sodium aluminate formed. 

* AceoiAUiig to J-l. y. Klai'kiuons plioapliortw, aplonmni, and telluriuju can bo pcmovod 
fruju hnuxito »md other refractory iriinoruls by passing the vapour of ctu’bon disulphide or 
hytlrocurbona over tito heated mineral, C. F. Claua prepared a soln. of alkali aluminate by 
making briquotUjswith a inixturo of bauxite or bauxite and hydrated oluminawith sodium 
or potassium chloride; heating the briquettes in a continuous chamber kiln to 400®-500® 
ill a current of heated sulphur dioxide, steam, and air whereby sulphates are formed, 
and hydrogt'ii rhloride evolved; and reducing the sulphate to sulphide by heating with water 
gas, carbon monoxkle, or liydrogen, 'J’he alkali sulphide then reacts with the aluminate, 
forming alkali uhuuiuate and evolving hydrogen sulphide. The product is then leached 
wall water. (.\ M. Hall (:laiuit*d to prepare pure ahirnma from bauxite by heating in » 
carbou-luu'd electric furnace a mixture of bauxite, carbon, and alumiimmi powder, 'ilio 
proportion of the lattci is determined by the mnoiuu of ferric oxide, sihca, and titanic 
oxide in the bauxite, and if the ferric oxide is low. .some may be advantageously adde<l. 
The ^•cduced iron, silicon, and titanium form an alloy with the small portion of aluminium 
added. The alloy collects at the bottom of the furnaeo. Tlio uhnnina remaining is 
powdered, and the mctunic particles removed by a magnet. 

In some cases, the bau.xite has been digested with sulphuric acid and aluminium 
sulphate obtained from the solu. As R. Helmhackor ^ showed, some ferric sulphate 
is also formed. F. Lauer treated the soln. with zinc plates to precipitate the iron; 
J. W. and T. Chadwick and J. W. Kyuaston used arsenious oxide; J. J. Hood 
and A. G. Salomon used stannic acid; C. Fahlberg, lead dioxide; J. W. Kynaston, 
manganese dioxide; .1. Beveridge used antimonic acid or potassium ferrocyanide; 
0. V. Petracus, and T. Robinson used sulphides of the alkalies or alkaline earths; 
and J. L. Kessler used phosphoric acid. M. Duela treated the mixed iron and 
aluminium sulphates with a mixture of milk of lime and calcium carbonate, and 
separate the precipitated alumina from the ferric oxide by dissolution in soda- 
lye. A. Waeker dssciibed an eleetrolytie process of purification of aluminium 
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salts. J. Morel treated bauxite with a mixture of sulphur dioxide, air, and steam 
below so as to form the soluble sulphate, from which alumina was precipitated 
by sodium thiosulphate. A. Hurtur converted aluminium sulphate, into alumina 
by ignition in hydrogen. A. L. Pedemonte heated the bau.vite in a reducing 
atm., separated the reduced iron by electromagnets, dissolved the product in acid, 
evaporated to remove silica, etc. 

Some native alum earths furnish a soln. of aluminium sulphate by simply leaching 
with water. Alunile —a basic potassium aluminium sulphate -is roasted between 
800°-900°, and the product treated with sulphuric acid. The cone! soln. furnishes 
crystals of alum. J. Blumenwitz has described the process in detail. H. F. Chappel 
heated the alunite at a temp, high enough to volatilize the potassium sulphate, and 
form alumina. According to A. Mitscherlich, alum shales are roasted at a low temp, 
and then exposed to the atm. The pyrites are oxidiztal and sulphuric acid is pro¬ 
duced, which forms aluminium sulphate. The latter is leached from (he mass with 
dil. sulphuric acid- -mde infra, alum. The process has been discussed by P. (Jnyot, 
F. Trogler, M. Viuck, A. H. Seger, K. W. Jurisch, etc. .1. Webster transformed 
alum to alumina by heating a mixture of alum and pitch to about 250“; the product 
was mixed with dil. hydrochloric acid and made into briquettes with about 5 per 
cent, of carbon. The briquettes were heated in a current of steam and air; when 
leached with water, potassium sulphate passes into soln., and alumina remains 
behind. F. Jourdain fused leucitc with lime, and extracted the mass with water 
to get the alkali aluminate into soln. The alumina was precipitated with carbon 
dioxide. 

The preparation of aloinina trom c^olite. -J. Thomsens worked up cryolite 
into alumina and sodium carbonate as indicated in connection with sodium carbonate 
—2. 20, 28. According to F. Lauterborn, cryolite is decomposed into aluminium 
and sodium fluorides when boiled with water. II. Bauer boiled a mixture of cryolite 
and calcium carbonate with water : 2 NasAlFjd- 3 H 20 -f- 6 CaC 03 2 A 1 ( 0 I 1 ) 3 -[-.300.2 
-fSNa^OOa-l-flOaFj; the alkali carbonate and hydrated alumina form soluble 
sodium aluminate. H. St. C. Ueville used a somewhat similar process at Javel. If 
steam be passed over molten cryolite at a red heat, 0. A. Uoreniiis found that 
hydrogen fluoride is evolved and sodium aluminate, mixed with some fluoride, is, 
formed. C. Pieper, and L. Grabau discussed the purification of soln. of aluminium 
fluoride. L. Schuch treated finely powdered cryolite with cone, soda-lye, and 
obtained sodium aluminate in soln., and sodium fluoride us a sediment. 
W. J. Williams, and L. Grognot discussed the conversion of the alumina in aluminium 
iron phosphate minerals into sodium aluminate. 

Tie preparation ol alomina from clays and other aluminosilicates.- -A large 
field is open for the utilization of clay or other aluminosilicates, for the manufacture 
of aluminium. The cost of separating from alumina the dangerous impurity, silica, 
has prevented the many proposals from competing with bauxite as the eheapest raw 
material available. ^ important is bauxite to the aluminium industry that 
B. Sylvany ^ could say ; “ Without the discovery of important bauxite fields the 
alum and aluminate industries would not have devciojied, and the aluminium 
industry would not exist.” If cheap methods of desilicifyiiig china clays should 
ever be discovered, it will appear as if the availability of supplies of bauxite 
accelerated the growth of the aluminium industry along the path of least resistance. 
Many of the suggestions which have been made involve the treatment of the 
aluminosilicate with sulphuric acid, or with some heavy metal sulphate, and the 
soln. of aluminium sulphate finally produced is crystallized from the soln. as alum. 
The processes generally have b^n discussed by A. and P. Buisine, J. Bronn, 
H. Debray, M. Peigensohn, etc.; and by K. W. Jurisch in his Die'FalrikiUivn von 
ichuje/eUaurer Thonerde (Berlin, 1894). 

L. Grabau treated the clay, as free as poesible from iron oompoumia, with dil. hydro¬ 
fluoric aedd, and obtained a aoln. ol aluminium fluoride—the silica is volatilised a^ silicon 
tetrafluoride. H. Pemberton and J. SpUler iiave diacusaed a proce« in which felspar is 
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treated ftimilurly with a mixture of sulphuric ami hydrofluoric acids. A. Sobrero roasted 
the clay, free from iron and calcium compounds, mixed tlie powdered mass with cone, 
sulphuric acid, ami heated it to about 70*, when aluminium sulphate was formed. This was 
extrm^ird with wati'i- and the soln. treated with potassium sulphate for alum ; P. Spence 
and co-wurkci'H uddo<l potussiuin chloride in place of the sulphate. H. Peterson used a modi¬ 
fication of the process for lopidolite, F. Lauor roasted the material with iron pyrites to 
form HulphatoH whicli react with the clay, forming aluminium sulphate. This mixture is 
leached with water when the last-named salt passes into sola, and the basic iron sulphates 
are left ns slime. The sulphate in soln. is converted into alum. E. Hasenelever and 
W. I/elbig, H. 'I’anaku ami T. K. Sliikenjo, M. Buchner, M. de Lammine, F. W. Howorth, 
F. (Jniy. n. MOlJor, M. Metcalf, A. Claude, W. H. Goasage, T. Richardson, etc., have 
deseriherl processes for extracting alumina from clay. When claj has been heated to 500*- 
000^, it is more readily attacked by acids than the original cl^y. J. Heibling made 
briquettes from a inixliire of the clay with ammonium and potassium sulphates. After 
calcinatitin at 270*-280®, the extract with water furnishoil alum. H. Miillor heated a 
mixture of tho clay with powdered calcspar, dolomite, or magnesite along with alkali 
hydroxide or carijonate, or a mixture of alkali sulphate and carbon. Wlien the sintered 
masN is leached with water, a soln. of alkali aluminate and an insoluble alkaline earth silicate 
are formed. E. Fleischer, and F. IVojahn used modifications of this process. L. Lossier 
fused the uluininosilicato with cryolite or fluorspar, and again with sodium chloride. Tlie 
inoas forms two layers—the upper one contains sodium chloride and aluminium fluoride, 
the lower one, sodium and calcium aluminosilicato. A. H. Cowles heated briquettes made 
from clay, sodium chloride, and charcoal in a streom of air and steam. The carbon keeps 
tho mass porous and allows the gaw's readily to penetrate the mass. W. Gossage, and 
Jl. OriinolH'i'g and J. Vorster failed to utilize this reaction with tho charcoal omitted. A 
sodium aUuniiiosilicato is forniod, 2 Na 20 . 28 i(> 2 .Ai 2()3 ; this is mixed with lime and heated 
ill a rotary kiln: 2 Nn 20 .Al 2 tl 3 . 2 Sj 02 4 2 Ca 3 .Si 044 ' 2 Na, 0 .Al 203 . The sodium 
nUimiimle is soluble in water, and tlio calcium silicate can bo used in the manufacture of 
liydraiilie cement. In P. Migiiet’s process, clay, hmo, and scrap iron, with a reducing agent, 
lire heated in tho electric furuai-c, forming silica, calcium aluminate, and ferrosilicon : 
Al 203 . 2 Si ()2 2 H 2 O 4 FC-I 4C f-CaO J*eSi2-l-4(.’0-|-CaO.Al2()3-f2HjO. Tho lighter calcium 
aluminate floats on tlie regiilus, anil is tapped off, cooled, crushed, and leached with a soln. 
of sodium enrhonate whereby sodium aluminate and calcium carbonate are formed ; 
CaO.AljOj'l-NiVjt'O^--C'ttCOj-l-NajO.ALO.,. Aluminium hydroxide is obtained from the 
soln. in the khiuvI way. Tlie ferresiticon is a marketable by-product C. K. Williams and 
C. E. Simms examined tho process, but found tliat it is not profitable. S. D. Cheino heated a 
mixture of clay, baryta, and scrap iron, and treated the product in a similar way. 

O. Lovi, and K. f/anggnlh, and M. Pa<-kard discussed tho treatment of loiicito, sodalite, 
ami nophclite. If llu>sc alnminosilii atcH bo boated under a press, of lG-20atm. v’ith asoln. of 
alkali hydroxides or carbonates, alkali ahnniimtes are not formed, but tlio alkali silicate 
posses into soln., atul alumina reinaitiH, Tho Aktiosolskabct Iloyangfaldono Norsk 
Aluminium (V., and 1) 'J’yrer boated to 1200* an intimate mixture of the aluminiferous 
material w’ith lirno and a little fluorspar iw a flux, llio cold moss was cUgostod with a 
10-1.5 per cent. .soln. of sodium carbonate, and the alumina separated from tho hot filtered 
soln. in tho usual way. P. Askenasy and V. Gerber [iroeeoded similarly, hut used a mixture 
of baryta and lime and sodium rhlorido as a flux. The Aluminium Co. extracted the 
ahimina from silicates, etc., in whicli tho coniamed aluminium will form tho volatile chloride 
when tho ore is heated with a suitable chloride. G. Bergen and W. Kiihne heated the clay 
with niagncsiuni chloride, pyritic liituminous shale and iron filings, and collected the 
aUunintum chloride wbieh distilled off. A. h. Mond extractiMi tho alumina with hydro¬ 
chloric acid, etc. .T. D. Gat<^ puascil an electric current through a bath of sodium chloride at. 

110U*12ttO*, in which the alumuiinm ore say orthoclase—is immersed; tho sodium which 
is formed partly re<lucc.H tho silicate, forming solubK' siheates and aliiinlnaU's. The^ are 
withdrawn and dissolved in water. 'Phe pris-ipitatcd uliiinina lunl silica are separateif by 
tho selective diHselution of tln' alumina in dil. soln. of ‘lodhiin hydroxide. 

M. Amone and co-workers treated blast furnace slug with hydroehloiio acid ; the soln. 
was dilute, and decanted from the pix'cipitatcd silica : the aliiinmn was precipitated with 
calcium oarlxmnte and afterwards taken up with sulphuric acid. E. Raynaud heatod 
aluminous material with sulphides of the alkalies or alkaline earths, or with a mixture of 
aulphato and earlion ; the alkali salts are extracted with water. U. Pomilio crystallized 
potaMsiiiin elilorido from tho hydrochloric acid soln. of leucite, and separated the alumina by 
electrolysis. 

A soln. of sodium aluminate is formed as a by-product in Scrjiek’s process {q.v.) 
for the bxation of nitrogen. Here, aluminium nitride is jirepared by heating a 
mixture of bauxite and carbon to 15riO°-18(IO", in a stream of producer gas con¬ 
sisting mainly of carbon monoxide and nitrogen. When the resulting product is 
treated with soda-lye, ammonia and sodium aluminate are formed. 

The tormation ot erjataUine alumina (corandam).~(ionindum crystals were 
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first prepared by M. A. Gaudin »in 1837 by heating to a very high temp, a previously 
calcined and powdered mixture of alum and potassium sulphate, or alumina and 
potassium sulphide, contained in a crucible lined with carbon. Since then, the 
crystals have been obtained in many ways. These have been described gene’rallv 
by F. Fouque and A. Michel-Lcvy, L. Bourgeois, J. Morozcwicz, S. Meunier, etc^, 
J. Morozewicz classifiwl the methods of synthesizing corundum, (i) Crystallizatioii 
of molten alumina; (ii) crystallization from a molten Hux; (hi) the decomposition 
of aluminosilicates at high temp.: and (iv) the decomposition of aluminium .salts 
at a high temp. 

(1) The preparation of corundum directly from alumina.—il. A. Gainlin obtaiiied 
spheres with crystal facets, by melting alumina in the oxy-hydrogen blowpiiie flame. 
E. S. Shepherd and 6. A. Rankin ® found that precipitated alumina aci|nire<i a 
crystalline structure by simple heating at about 200°. H. Moissan melted alumina in 
an electric furnace, and found, on cooling, that crystallization had taken place; if the 
alumina be mixed with chromic oxide, crystals of ruby are formed. The by-|iriMlui t 
obtained in the reduction of chromic oxide by aluminium in the thermite process 
contains minute rubies. The crystals of artificial ruby were described by A. des 
Cloizeaux, G. Melczer, F. Kinne, 0. Miigge, J. Klaudy, etc. M. Buchner made the 
by-jiroduct into pottery. The mixture has the trade-name coruhin. The crystals 
of alumina are also sometimes found in electric furnaces used in the juejiaration of 
aluminium. G. Dbllner obtained corundum by heating a mixture of aluminium and 
boric oxide or chromic oxide by the thermite reaction ; W. IIam|)e also obtained the 
crystals in preparing aluminium boride ; W. Gintl, by reducing bauxite with carbon 
in an electric furnace; and J. W. Mallet, by reducing magnesia wit h aluminium at a 
high tem)!. A. Verneuil prepared artificial rubies in the form of spheroids having 
a diameter of 5 to 6 mm. and weighing 2'5 to 3 grins. (12 and 15 carats) by allowing 
a blowjiipe rtame, rich in hydrogen or carbon, to jilay on the extremity of a small 
cyUnder of alumina, while a mixture of alumina and 2'5 per cent, of chromium 
oxide in the form of a powder is mechanically blown with the oxygen into the tube 
of the blowpipe, and thus deposited on the surface of the fused mass of alumina. 
The artificial stones thus obtained are identical in physical and cryBtallogra[diical 
properties with the natural gems, from which, however, they can be detected by the 
presence of minute bubbles visible only under the raiiToscojie. A general view of the 
apparatus is illustrated in Fig. 49. The screw support, ti, jicrinits (he moving of the 
molten mass into the proper zone of the flame, when it becomes necessary to increase 
the press, of the oxygen in the blowpipe, etc. The raw materials, contained in a wire- 
cloth basket placed in the chamber, G, arc sifted by the slight imjiacts of the hammer, 
R, upon the anvil, E, which forms the top of the basket; and the jiowdcr, carried 
along in the central tube of the blowpipe, becomes distributed through the flame 
and undergoes fusion therein as soon as it reaches a support formed of a thin stick of 
alumina placed in the centre of the furnace, F. This powder, falling uiion the 
alumina previously raised to a white heat, becomes agglomerated thereon, forming a 
cone, the point of which gradually rises until it reaches a zone of the flame hot 
enough to cause it to undergo fusion and form a filament. If, now, the jiress. of the 
oxygen be increased, this filament is converted at its apex into a sphere, the diameter 
of which it will gradually increase up to the extreme limits which with the heat of 
the blowpiiie it is capable of reaching. ruhin recontlituh have been discussed by 
H. Marour, I. H. Levin, E. Jannettaz, C. Uoelter, 1. Fricdlander, H. von Lohr, 
H. Wild, R. ^ottger, V. Merz, etc. A. Verneuil prepared sapphire blue crystals 
by a method similar to that employed for rubies, but with a mixture of alumina 
containing 1'3 per cent, of magnetic oxide of iron, and 0 5 pec cent, of titanic 
oxide under reducing conditions in the oxy-hydrogen flame. 

P. Hautefeuillc synthesized corundum by the action of moist hydrogen fluoride 
on alumina at a red heat; and W. Bruhns bested alumina for 10 tirs. at 300° in a 
platinum tube with water containing a trace of ammonium fluoride, but at 260°, no 
crystallization occurred. C. Friedel obtained corundum and ^iaspore by Wring 
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amorphous alumina with a soda-lye at ; at 630°-535°, only corundum 

was formed; and at 400°, only diaspore. J. Morris heated a mixture of alumina 
and carbon in a stream of carbon dioxide at a red heat. According to M. Houdard, 
by heating alumina with five times its weight of aluminium sulphide in the electric 
furnace, the crucible being suitably insulated to allow of slow cooling, a mass is 
obtained, which, on treatment with hydrochloric acid, leaves rhombohedral crystals 
of alumina. Attempts to produce coloured alumina crystals by means of chromium, 
under these conditions, were unsuccessful. 



Fio. 49.—A. Vemeuil’a Apparatus for the Synthesis of Rubies. 


(2) The preparatim of corundum hyOie crystallmfion of alumina from molten fluxes. 
—M. A. Gaudin, as indicated above, heated alumina with potassium sulphate or 
sulphide; P. Hautefeuille and A. Perrey, alkali sulphide; L. Eisner, and B. Bottger, 
potassium dichromate; J. J. Ebelmen, borax (not boric acid); E. Fr4my and 
0. Fell, lead oxide; F. Parmentier, potassium molybdate; 8. Meunier, cryolite; 
J. Morosewios, and A. Brun, a mixture of alkali or alkaline earth oxide and silica—• 
vide supra ; G. Medanich, potassium tungstate and calcium fluoride; P. Haute¬ 
feuille and A. Perrey, molten napheline and leucite (not artificial potassium nephe- 
line). Aocording to 0. Hfinigsehmid, the product obtained on igniting a mixture of 
borax, aluminium turnings, and sulphur consists of crystalline alumina (artificial 
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corundum), with much amorphous boron and crystalline aluminium boride. 
H. A. Richmond and R. MacDonald melted the alumina with iron to remove silica. 
The slowly-cooled product was used as an abrasive, 

(3) The prefaration of corundum by the decomposition of aluminosilitoirs .— 
S. Meunier, and A. Lacroix obtained crystals of alumina by heating a mixture of 
cryolite and a silicate in a platinum crucible; F. Fouqu4 and A. Michel-L6vy, by heat ■ 
ing fluorspar and mictocline; and W. Vernadsky, by cooling molten potash mica. 

(4) The preparation of corundum by the decomposition of aluminium salts.— 
According to C. Doeltcr, crystals of alumina are formed auf nassem Wege by heating 
aluminium salts with alkali carbonate. H. de Senarmdnt, and C. R, Tiehborne 
showed that when an aq. soln. of an aluminium salt is heated in a sealed tube at 
350“, crystals of corundum are formed. E. Weinschenk prepared crystals of 
corundum, possibly accompanied by diaspore, by heating a soln. of aluminium 
sulphate with urea in a sealed tube at 180°-190°. A. Daubree obtained cry.stals of 
corundum by the action of the vapour of aluminium fluoride on red-hot lime; 
11. St. C. Deville and H. Caron, by decomposing aluminium fluoride by boric oxide at 
a high temp.; H. Debray, by the action of an excess of alkali sulphate on red-hot 
aluminium phosphate—L. Grandcau found that if the temp, does not exceed 14W, 
a complex alkali aluminium phosphate is formed; L. Schuch, by heating cryolite 
white hot in a current of steam; J. W. Mallet, by heating aluminium with sodium 
hydroxide in a carbon crucible; and S. Meunier, by heating aluminium chloride with 
magnesium or zinc and steam, or aluminium chloride and steam in a porcelain tube. 
According to P. Hautefcuille, alumina is not changed by heating it in a stream of 
hydrogen chloride, but aluminium salts furnish crystals of alumina---the oxalate 
or hydrocarbonate at a dull red heat, and the sulphate at a higher temp.—if chn)mic 
oxide be present, rubies are formed. H. Loyer prepared crystals of ruby by heating 
a mixture of alkali aluminate and chromic oxide in a stream of chlorine ; INaAlOj. 
4-2Cl2=2Al203d-4NaCl-f02. 

V. Kohlschiittor and co-workers prepared alumina, dispersed in a gaseous 
medium, by making the metal the electrode of an electric arc, and oxidizing the 
vapour. The resulting fume was precipitated by a high tension electric field. 
R. Bradfield discussed the washing of colloidal alumina by the centrifuge. 


.ReraasNCKS. 

• )1. iil.t'. Deville, .Inn. ('Aim. (3),43.11,1866 1 L'liliiiniiiium, Paris, 1850; A. Dulsiin, 
Uompl. Hend., 132. 82(1, IWI ; K. KoLn Alireat, it,., 141. 323, 1906 i J. Pionchoii. it., 417. 328, 
1893: C. Winkler, Brr., 23. 783, 1890; (i. A. Kenngott, ,/oum. frakt. C'hem., (1), 101. 4, 484, 
1867 ; E. Beets, Pogg. Aim., 127. 64,1866 ; J. E. Ashby, Prec. Boy. Hoc., 7. 322, I860; I’m. Roy. 

* J. Ij. Gay Luasae, Ann. Gkim. Phys., (2), 5,101,1817 ; H. St. C. Deville, it,., (3), 43.6,1866 ; 
(3) 61. 333, 1861; Compl. Bend., 54. 324, 1861; L’alummum, Paris, 1869 ; E. Grobet, Journ. 
Chim. Phya., 16.331,1922; C. Brunner, Pogg. Ann., 98.488,1866; F. WShlor, Liebig't Ann., 83. 
422,1846: J. von Liebig, ib., 17. 43,1836 ; C. P. Buoholz, Beitrage mr Krmilerung and Bericb- 
ligung der Chanie, Erfurt, 1. 74, 1799; J. J. Bcnelius, Lehriuch der Chemir, Dresden, 1. i, 826, 
1826: H. Kramer, Arch. Pharm., (2), 79. 268,1864; G. C. Wittstoin and 8. von Thielau, Phiirm. 
Vierlelj 4. 461, 1866; 0. Ekmann and O. Petloroon, t/eter daa Alomgemchl dea Helena, Ui»ala, 
1876; M. Buchner, German Pat., D.R.PP. 299181,301675,302412,1014 ; 304281.1916; BrU. Pat. 
No. 172303,1917 : A. L. Pedemonte, ib., 196296,1922; L. le C'hateber, ib., 413, 1088, 1868; 907, 
1869; 2654,1860; O. and F. Lowig, German Pat., JJ.B.P. 93, 1877; F. B. Low, Chem, Trade 

Jonn^r^m^mS^n o,s,pp, 43977,18g7; #6(i04, 1892 ; Brit. Pat. Noe. 10093,1887 ; 
6296, 1892; J. A. Bradburn and ,T. 1), Pennoek, ib., 17933, 1891 ; V, M. Hall, Hi., 14672, 14673, 
1900 ; B. S. Sherwin, V.S. Pat. No. 1422004,1922 ; J. Sutherland, Pm. Inal. Meek. Kng., 380, 
1898; F. Buss, ZeU. anorg. C'hem., 41. 216. 1904; A. Ditte, Compl. Send., 116. 183, 386, 609. 
• 1893; M. Berthelol, ib., 81. 844, 1167, 1876; Ann. Chim. Phya., (4), 29. 480, 1873; L. P6an ^ 
St. Gilles, »6., (31, 46. 67, 1866; P. A. von Bonsdorff, Pogg. Ann., 27. 276,18,33; A. .Mitseherlich, 
Jonrn. praU. Chem., (1), 88. 468, 1861 ; F. Curtiue, German Pat., D.R.P. 176416, 1904 ; F. Kun. 
heim, lb., 68394, 1872; Schweiscrische Sodafabrik, ib., 366301, 1921; Chemischo Fabrik 
Orieeheim-Elektron, ib., 182776, 1906; E. Everhart, 0.3. Pat. No. 1397414, 1921; F. B. Lowe, 
Ohm. Trade Joan., 78. 381,1923. . 



262 


INORGANIC AND THEORETICAL CHEMISTRY 


• K. Uuer, Uerman Fat., D.H.P. 62726, J88»; A, C'femm, ii., I8V5M, 186030, 1907 ■ 
J. H. a Belinko,7266, 1879; I>. A. Peniakoff, i6., 80063,1893 ; 93962,1897 j K. Lieber, ii ' 
6610, 1878; M. Platsch, i6., 381348, 1920; E. Collett, i6,, 377664, 1922; H. S. Blackmore 
frO. Pet. jVo. 23707, 1896; C. M, Hall, )6., 14672, 14673, 1900 ; 2260, 1902; C, F, Claua, i6„ 
4311, 1891; K. von Wagner, Wngmr’n Jakresb., 11, 332, 1866; B. A. Tllghmann, Fr(7. Pot 
Ao. 11666,1847. 

‘ A. btittmhcTJich, Journ, praH. Chem., (1), 83. 482,1861; F. Trogler, Oesterr. Ghem. Ztg., 7 
1, 29, 1904; I'inck, Frf«M /W. Ao. 106863, 1876; P. Cuyot, CJem. Acto, 53. 27, 1886- 
,7. Welwtor, 3/o»iV. .VriMit., (3), 13. 279, 1883; Aril. Pal. Ao. 2680, 1881 ; J. J. Hood and 
A. (1. .Salomon, 16., 1881, 1887; .1. L. Keasler, 16., 1419, 1895; M. Hucla, Comnl. PeW., 84 949 
1877; <;. V. Prtraeua, I/..S. Pal. Nm. 225300,226302,1879; J. Heveridgo, Journ. Soe. Chem. Ind.', 
6, III, 1886; K. W, .luriaeh, P16 Pafmkation von Jichwe/eUaurer Tonerdr, Berlin, 1894; R. Helm. 
Imikor,/Icrg. //fill. Zhj.,ht. 14, 1897; F. Lauer, Dinf/ler’a Jouru.,2iZ. 87, 1879; Brit.Pat.No. 173, 
1879 ; ,1. W. ami 3'. (.'hadwick and J. W. Kynaaton, 16., 4078, 1879; A. L. Pedemonte 16 
196295, 1922: A. Hurt'jr, 16., 203798, 1922; F. Jourdan, 16., 196084, 1923; T. Robinaon,'16, 
160, 1887 ; Al. Huchner, i6., 196998,1921 ; J. Morel, 16,, 149789, 1919 ; H. F. Chappel, U.S. Pal. 
No. I4''II36, 1921 ; ,1. W. Kynaaton, German Pat., D.R.P. 21626,1882 ; A. Wacker, 16., 379612, 
1922; C. Faldimrg, Bull. Soc. Chim., (2), 38.154,1882; J. BluraenwiU, Die. Alaun/abritation da 
Ijerrtrhajt Munknr'e in Vrujnm, Wien, 1868; A, H. Segcr, Die Ircknischt VawathnMjKhwefelkm- 
flihrrmler Behtefrr and Thonr der Stein- wd BraunlcohlenformeUion Kritik des henligen Standee der 
Ahan. mid I'ilriol ijewitimmg and Millet zu deren, Ncuwied, 1869. 

• f'. A. 1/oreniua, Brit. Pat. No. 18969,1900 ; U.S. Pat. No. 72638,1903 ; German Pat ,D HP 
139626, I960 ; H, Hauer, 16., 64824, 1890 ; L. Grabau, 16., 70165, 1892 ; C, Pie|)er, 16., 36212' 
1884 : F. Lnuterborn, Dinglrr’e Jmrn., 242. 70, 1881; J. Tbomsen, 16., 166. 441, 1862 • iw. 362’ 
186.1; I,. .Sehiieh, 16., 166. 443, 1862; W, ,1. WillianiR, Journ. Soe. Chem. Ind., 4. 148 1885* 
«'”■ W«. 67,iw. Pure App., 9. 149, 1906; H. .St. C. Dcvillo, L'uluminium, Paria’, 


’ K Lnirnr, Bril. Put. No. 3387, 1877 ; IJ. 'I'yrer, 16.. 172087, 1920; H. Crunebern and 
,1. \oraler, ,6„ 2639, 1874; W. OosBagc, 16., 2060, 1862; F. W. Hoaorth, <6., 169301,1920; M.de 
I.iimmme, Afr..6. 840, 1873 ; I,. (Irabaii, t/rrmon Pol.,/).«./’, 69791, 1892 ; (}. lajvi 16 174698 
1904 ; M. Packard, iti., 182442, 1902; K. Raynaud, 16., 107602, 1898 ; E, Fleiacher, 16., 62276’ 
1891 ; k. Pri.jahn, ili., 112173, 1899; 1). A. Peniakoff, 16., 94846, 1896; I,. Lo.Raier, 16, 31089 
1884; I. Aakonany and V. (lerbcr, 16., 306365, 1917; Aktifaelakatiet Hoyangfaldene Norak 
:>32389, 1919; M. Metcalf, Glnie hid., 16. 311, 1858; French Pat. No. 

I.’1 1844; W. H. GosBago, Brii. Pat. No. 13424, I860* 

P. and H. Sponco and W. B. Ixiwellyn, *7/, 23030, 1904* 
Matheaon, >6., 167665, 1920; H. «. Wildman, 16., I6131o’ 
K- Mortin. 1.394854, 1921 ; Aluminium Co., 16., 
139204.1, 1,192044. 1921; K. Sylvany, Met. Ind., 8. 403, 1916 ; K. Haaenclever and W. Helbin, 
t”!’ i Dini/ler'e Journ., 199. 284, 1871 ; H. Potcraon, 16., 224. 176, 

1877 \ A. hohniro, L'lnutil,, 103, 1870; H. Dobray, Monit. Bcicnl., (3), 12. 76, 1882 • F Gruv 
mu ’ '127' "*“■* 1 668,1901 ; J. Heibling, Compt. Bend., 119.’ 

609,1894; A Mmet, .6., 110. 342, 1890; 111.603.1.890; 112.231, 1891 ; H. Miiller, dnnrn. 

207, 1853 ; C/tp/n. Zt<j., 4. 018, 1880 ; M. Feigonsohn, ii., 2^. 783, 1905 • 
; ■ ^ ii., 47. 23, 1883 ; E. Langgulh, Zeil. vraki 

\2ii’ **’,^”**^‘1 Anionr, M. Ckiandi, M. Faliro, and M. Miliua, Freneh Put. No. 106229 

1876; Hull Sue. ('him., (2), 26.238, 1876 ; A. and P. Huiaine, ih., (3), 9.311,1893 ; A. H. Cowlea’ 
Jourii hut. hng. Chem., 6. 331, 1913; U. I'nndio, Chim. hid., 7. 426, 1922; Motallbank und 
.4 ’“'7 ; Rlienania Ver. Chem. Fab. A.O., 

i6^ 36.»3. 1118 ; P. Miguet, l/.V. Pal. .Vo. 137666,3, 1620; C. E. Williama and C. E. Simma, 
„.™u, ■***’ '• *'’■ McClonahan, U.S. Pal. Noe. 1426890, 1426891, 1922 ■ 

•‘■•**«M3, 1922; M. Buchner, i6., 195998, 1923; G. Bergen and 
^'7^ IMl’ hT S.t>.Uheine,Cn,nm.recA.SrirSeP,»a. 

i vi w ’ "‘f K. Shikenjo, Japan Pat. No. 40177, 1921. 

I » i^tpilhlee dee minimi: el dee rochee, Paria, 1882 ; L. Bour. 

SbSi-itA '-’:»»■« 

* (**)• 3. 20, 1904; La rf« raiw, Paris, 1891; La 

Naivr^t M. 177,1904 (I am ind<*btml to tho piihlutbcrH of La Natvrp for MrinisHion to use Fiir 491 • 

"**'* = *“• *'"• i ’’‘’L 18M91» ! 

161,1066,1910; H. Moiaaan, i6., 116. 1036,1802; F. Parmentier, ih.. 94.1713,1882; E. Frfmv 
- *?.*■ *• *'■ • ‘'‘""P'- '''■"*'■> **■ *®29, 1877 : S. Aleunier, ib., 90. 701, 

1880; 104. 1111. 1887 ; H. Debray, ib., 62.986,1.861; A. Daubr/e, 16,, 39. 136,1854' H St C 
^ville wd H, Panra, 16., «. 764, 1868; .tan. Gbim. Phge., (4), 8. 104, 1866; J. J. Ebelrn'en! 
i6., (3), 22. 213, 1848; (3), 33. 34, 1861; D. Orandeau, ib., (6), 8. 207, 1886; M. Houdard, 
tempi. W. 1349, 1907; A. C. Becquerel, 16., 67. 1081, 1868; P. Hantcfenille and 

A. Perwy, ib., 106.487,1|88; 110.1038,1890; Bull. Soc. Min., 13.147,1890; Ana. CAlai. Pkpe 



ALUMINIUM 


2G3 


(6), 21 . 419,1800; P-Hautetemlle, i8., (4), ♦. 129, 163, 1865; A.de Si-huUcii, B»H. .Sw II,» |9 
167, 1896; Compt. Bend., 122. 1427, 1896; 186. 1444, 1903; A. dfs Cloizoaux, A, 106 '.W 
1888 ; H. do S^narmont, t6„ 32. 762, 1851; K, (J. Tichbome, Ciem. AV«.», 24. I2;i. 199 "OO 



H. Wild,CfMlr. Min., 180,1908; A. Bruii, .Jreli..S'o,V,if,.»6'f„Jiy,(3),25. 239,1891 ;.l. Mimiiowici, 
Ttchemak'n Milt., 18. 23, 1899 ; H. von Ldhr, A, 25. 526, 1906 ; I). Miiggo, i6., 19. 165 IIKHI ■ 

J. Klaudy, >6., 21. 78, 1902 ; V. ,Mera, Bn., 11. 518, 1878; (). Modam,.li, Xtnn Jahrh. Mm . 

31,1903; W.Bruhna,(6., 11,62, 1889; F. Rimie, i(,.,i, 168, 1900; H S.Shciihprdand(1. A. Rankin, 
.4mn. Jmim. Smiice, (4), 28. 321, 1909; 1. H. Uvin, Joiini. hut. 6. 49.5, 1913: 

U. Friedel, Bull. iV. Min., 14. 7, 1891 ; A. l-aoroix, ih., 10. 157, 1887 ; il. .lainiotta/,, A. 9. 321, 
1886; H. Loycr, Bull. Sm. Ckm., (3), 17. 339, 345,387, 1897 ; L. Si-huc.li, VnhiilU ii il, ., Kri/ulilhr, 
Gottingen, 1862 ; G. Dollner, (lermnn 1‘til., D.H.P. 97408, 1897 ; W. (linll, 2i ,1. (iHijnr. Chcni., 14. 
1173, 1901 ; M. lluohner, tb., 17. 986, 1904; VV. Vernadaky, Die Silliw/tuihinipiH, Mnskaii. 83, 
1891 ; ('. J)<»elt«r, EdfUieinhmle, IdCipzig, 102, 1893 ; H. Alarour, Rev. Chvu. Rnr. App., 6. 72, 
1903 ; H. A. Richmimd and H. MacDonald, Cnmdmn Pal. Nv. 2298.66, 1922 ; I*. Klioll. Ih»^lir'.t 
./(mrw., 220. 04, 1870; 0. HonigHchmid, MoiM(nh.,2B. 1107, 15K»7; F. Foinjnu and A, Muliel* 

Eynihhc des mineranx ef roche/*, Paris, 1882. 

V. Kolilsehiittcr and J. L Tiiachcr, Zett. Elcltrocfiem., 27. 226, 1921 ; V. KuhlHcimttor and 
N. Neucnachwandor, tb., 29. 240, 1923 ; H. Bradfield, Journ. Amr. Cfnin. Sm., 44. 906, 1922. 


§ 10. The Properties of Aluminium Oxide 

According to (J. A. Kcnngott,' alununiuui oxide has no taste or smell. The colour 
is white or water-c‘h*ar; tho blue, red, yellow, hrow'ti, grey, or nion* rarely, violet 
or green colours of ililferent varieties of corundum e.//. (he sapphin*, ruliy, etc.- - 
are due to the presence of pignumtary oxides. J^ von Jeremejidf - found corundum 
crystals with blue and red emls, or with a yellow mhldle an<l blue ends. K. Fremy 
showed that chromium oxi<le is probably the colouring agimt in rubies by synthesizing 
the gem-stone from alumina and chromic oxide ; he also siiggesteil that chromium 
oxide is the colouring agent in the sapphire, hut in a difTerent state of oxidation from 
what it is in the ruby. J. W. Ketgers inclined to the belief that the colouring agent is 
probably a small (juantiiy of hydrocarbon, and not an inorganii’ constituent at ulf. 
Jj. Wohler and K. von Kraatz-Koschlau couhl find no chromic oxide in rubies or in 
sapphires, but it must be remembered that an e.xeeedingly small amount of the oxide 
has high tinctorial powers, and that quite a series of colours red, blue, y<*llow, and 
green can he obtained from chromium oxide ; it reipiiresan oxidizing atm. to develop 
the red colour. The red colour of the ruby, lu'ated under redm ing comlitions, may 
become green or ajipi^ar colourless because of t he low tinctorial j>ow<‘rs of the green 
oxide. This exjdains the observations of (.'. Docker, F. Hinne, and (». A. Konngott, 
who noted that rubies sometimes became green or colourless when heated. ('. Doelter 
found that some rubies could be heated white hot without change of colour. 
Whether or not the change occurs really depends on the natun* of the atm. 
C. Doelter found that sapphires are decolorized at a white heat in air or oxygen, 
and he said that the colouring agent of sapphires is more likely to be organic tlian 
in the case of rubies. J. Morozcwicz produced rose, yellow, grcenish-yellow', red, 
or pale blue corundum by using iron oxide, and he considered the colouring agimt is 
more likely to be iron oxide than chromic oxide. G. Forchhainmer foumi that 
Siberian corundum contained 1'45 per cent, of ferric oxide and 0*34 jier cent, 
of phosphoric oxide, and he considered the colouring agent to be iron phuspliutc. 
H. St. 0. Deville and H. Caron obtained some blue patches in their exjieriinents 
on the synthesis of rubies from alumina and chromic oxide, and they therefore 
inferred that the sapphire blue is produced by chromium in a lower state of oxidation 
than in rubies. In their experiments on bauxite, W. Gintl obtained blue patches of 
corundum which showed on analysis, Ti02, 0 65; FeO, 0 79; MnO, 0 50; (’aO, 
i-85; MgO, 0-35; NagO, 2 07 ; SiOj, 12-28; and Alfy, 81-88. A. J. Motfes found 



m INOKOANIC AND THEOBETICAL CHEMISTRy 


trucea of ferric, oxide Arid O'l per cent, of titanic oxide in artificial aapphirea; and 
A. Vcrneuil found in aajiphirca from Atfttralia, India, and Montana from 0*031 
to 0 068 per cent, of titanic oxide and 0*66 to 0 *S >2 per cent, of ferric oxide. 
A. Verneuira syntheaes of aapphirea led him to believe that this coloration is pro¬ 
duced hy iron and titanium oxides. W. Hermann’s observations on the action of 
reducing and oxidizing pa.ses on heated corundum led him to infer that iron oxides 


act as tinctorial agents. 

As indicated by C. K. fiiieholz, and J. von Liebig, washed, precipitated alumina 
forma a light voluminous jiowder after ignition at a red heat. Fused alumina 
forms a white, hard, crystallim^ mass. The crystals of corundum bidong to the 
trigonal system. According to (1. Mclczer, the axial ratios are a: c=l: 1*3652, 
and a 85“ LJj'; W. 1’. Davey gave 1; 2726. Observations on the crystals have 
been made by H. de Rihiarmont, A. des Cloizeaux, J. J. Ebelmen, L. Grandeau, 
0. .Miigge, II. iSt. Deville and H. Caron, E. Frdmy, A. Verneuil, J. H. Pratt, 
K. Kiiine, etc. W. (hookes found that when snow-white alumina is exposed to 
the cathode! rays, the amorphous powder acquires a pink colour, and is slowly 
crystallized. 

There is a considerable variation in the form of the crystals of corundum from 
different localities; the prismatic, the flat, and the tabular forms are common; 
pyramidal crystals arc not so common. The small crystals are usually well developed 
with smooth faces and edges; the larger crystals are often rough, striated, and 
tapering slightly towards the end like a barrel—hence the term barrel corundum. 
Penetration twins are not common. The most prominent twinning plane is parallel 
to the rhombohedron; and a repetition of the twinning may form a series of plates 
or laminic in twin position. This gives a laminated or striated structure due to 
minute re-entrant and salient angles. W. E. Hidden observed crystals with a 
twinning plane parallel to the hase. The fracture of corundum is irregular and 
conchoidal, and, as shown by J. L. Bournon, and J. W. Judd, certain specimens 
of corundum and saj)phires exhibit no sign of cleavage. What was once thought 
to ho cleavage was found by 0. MUgge, M. Bauer, G. Tschermak, J. W. Judd, 
A. Lasaulx, to he a parting produced by mechanical or chemical forces, or possibly by 
both acting together. Corundum with the parting planes is inferior as an abrasive 
for cutting wheels, etc. The lustre of corundum is adamantine to vitreous; and 
that of emery is submetallic. The lustre on the basal plane of corundum is some¬ 
times pearly. Corrosion figures in harmony with the trigonal system have been 
described hy M. Bauer, R. Brauns, and G. Melczer. 

Aceording to G. A. Rankin and U. E. Merwin, alumina occurs in two distinct 
forms: u-alumina is the ordinary crystalline variety represented by corundum; 
and ^-alumina, which is formed in small quantities in hexagonal crystals often in 
groups of overlapping triangular plates when pure alumina is melted and slowly 
c(«)led. The presence of magnesia (say, 0*5 per cent.) assists the transformation 
of a- to jS-aluinina, whereas the presence of lime or silica facilitates the formation 
of the a-variety. It has ijot been found possible to convert j 8 -alumina to o-aliimina 
by holding the former at tenqi. above or below the m.p., and 
it is therefore suspected that j3-alumina is monotropic with 
respect to a-alumiua. 

P. Rinne. W. P. Davey and E. 0. Hoffman, C. Mau^in, and 
J. A. Hedvall have studied the X-radiogranu of alumina. The 
Iku. SO. The Alu. lattice is a rhombohedron with hexagonal axes 4*86 A., and a 
in'''the &^to! 6*62 A. Thus, except for the difference in the axial 

laittico. ratio, the structure is identical with that of calcite. F. Rinne’s 

illustration of the group AI 2 O 3 as a chemical molecule in the 
crystal molecule is shown in Fig. 50. According to L. M. Milligan, the X-radiogram 
of alumina, prepared by the calcination of the crystalline hydroxide at 325°, gives 
no trace of the original hydroxide structure; and it is similar neither to diaspore 
which Is the crystalline monohydrato AljO^.HjO, nor to corundum which is 
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crystalline, anhydrous Al^Oj. It does, however, show a distinct set ol lines 
which are indicative ol a crystaUine condition. The absorption of water does 
not alter its structure, and none of the hydroxide is produced. Alumina, prepared 
by calcination at 600 °, shows a faint pattern similar to the preceding sample, hut 
the bulk of the material is probably amorphous. When calcination teni)). some¬ 
what above lOOO are employed, the product gives the pattern of corundum 
faintly and still higher ignition temp, increase the intensity of this pattern until 
it equals that ol pure corundum. J. Beckenkamp also studied the space-lattice 
of corundum. 

Reported values for the specific gravity of alumina vary from the .•) b:!ll of 
M. J. Brisson^ and the 3'562 by P. van Muscheubroek to the d-lb'i at 1" of A. le 
Royer and J. B. A. Dumas. A. H.ChurchgaveSbltl to4'tt3at Ibb ; L. (Irandenu, 
3'98 at 14°; and E. Madelung and R. Fuchs, 3'9804; F. G. Scliallgotsch gave 
3 994 as a mean of nine determinations with the ruby; and L. F. Nilson and 
0. Pettersson, 3 990 for the sapphire. J. J. Ebelmen gave 3'928 for I lie sp. gr. of 
crystalline alumina. The best representative value for thi' sp. gr. ol crystalline 
alumina is 3'99. The sp. gr. of the amorphous alumina increases with the temp, 
of calcination; thus J. W. Mellor and A. U. Holdcrofl fouml that after heating 
precipitated alumina to 

000" 700" MKI' ilOO" 121KI" 

Sp. gr. at 15* . . . . 2-82 2-S3 3-3U 3 03 3 02 

H. Rose found the sp. gr. rose to 3 999 after ignition in a hard poreidain furnace, 
presumably about 1500°, and F. G. Schaffgotsch, to 4'0O8 after ignition. The sp. gr. 
of ignited alumina is therefore the same as that of corundum or crystalline alumina. 
0. J. St. (J. Dcvillc found the sp. gr. of crystals of corundum fell from 4022 to 3'992 
after melting in the blast gas flame. The hardness of corundum is exceeded by that 
of the diamond. F. Auerbach found the mineral to be rather harder in the direction 
of its principal axis than it is in other directions. A. Reis and L. Zimmermann, 
T. A. Jaggar, J. L. Smith, W. H. Emerson, and A. Rosiwal, have made observations 
on this subject. M. Bauer found that the hardness varies with different specimens; 
that of the sapphire is about 9 on Mohs’ scale; and that of the ruby is 8'8 to 9 0. 
The hardness of emery is due to the contained corundum. The hardness is not (be 
same as tbe abrasive cfliciency; thus two examples of corunilum may have the same 
hardness so far as power of scratching or being scratched by other substances is 
concerned, and yet have, a different cutting or abrasive cfliciency. K. Madelung 
and R. Fuchs gave for the compressibility coeff., U’38x lO'* niegabar per sq. cm. 
According to F. Auerbach, the modolus of elasticity of corundum is very high, 
being 2'6 times that of steel, and exceeded only by that of iridium ; the observed 
values are : Iridium 52,500, corundum 52,000, and steel 21,000 kgrnis. per si), mm. 

According to H. Fizeau,* the coeff. of linear thermal expansion of blue Indian 
corundum is a^O OjfllO at 40° when taken parallel to the chief axis, and O Oj.543 
when taken at right angles to that axis. Hence, the coeff. of cubical expansion is 
OO 4 I 705 . F. I’faff gives OO 56765 for the coeff. of linear and OOilOOb for the 
coeff. of cubical expansion taken between 0° and 100°: B. Bogitsch measured the 
thermal expansion of bauxite bricks. F. E. Neumann gave O’1942 for the specific 
heat of corundum; H. V. Regnault, 019762 for the sp. ht. of corundum between 
8° and 98°, and 0'21732 for that of sapphire between 7° and 97°; and J. Joly gave 
01981 for the pale blue, prismatic crystals between 12’6° and 100°. L. F. Nilson 
and 0. Pettersson gave 0 1827 for the sp. ht. of almnina, and 01879 for that of 
the sapphire. W. A. Tilden gave for the increase in the sp. ht. of alumina with 
rise of temp., 

ISMOO" l.iM»5" 1S"-815’ 15"-e20’ I5”-510* 

Sp. ht. . . 0-2003 0’2I».1 0-2311 0 2400 O’240O 

According to H. von Wartenberg and 6. Witzel, the molecular beat of alumina at 
230° is 10-8 cals.; and at 1308°, 28 to 30 cals. E. jannetaz gave 0 9 fdt the rath) 
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of tho thermal conductivity in the direction of the large and small axes. A. Weber 
gavh 0 025 cal. per cm. per sec. per degree for the thermal conductivity of aluminium 
oxide. 

L. B. G. de Morveau ® fused alumina to a white enamel in a flame fed with oxygen; 
H. Davy fiused it jii the (u'rciiit of a voltaic battery; and F. Stromeyer, R. Hare, 
M, A, Gaiidin, and E. D. (larkc, in the oxy-hydrogen blowpipe flame. The last-named 
said that molten ruby .solidified to a white opaque globule, and that corundum and 
alumina each formed a yellow transparent glass. H. Mnissan said that the melting 
point of alumina in a carbon crucible is 2250", and added that the liquid crystallizes 
on cooling. W, Kanolt found that bauxite clay melted at 1795°; bauxite, 1820°; 
and purified alumina, 2010°; and later he gave 2050" for the m.p. of alumina. 
0. Ruff and co-workers gave 2010" +10° for the m.p. of alumina. E. F. Northrup 
melted the oxide in a crucible of titanic or zirconium oxide. E. Ticde and 
E. Birnbrauer found that in a vacuum furnace, alumina melts at 1890°, and 
volatilization begins at 17,50°. 0. Ruff gave 2040° as the best representative 

value lor tln^ m.p, of alumina containing 0'3 per cent, sodium oxide which 
volatilized early ; (fl per cent, silica, and 0-05 per cent, of ferric oxide, and a trace 
of calcium oxide. For the vapour pressure in mm., 0. Ruff and 1’. Schmi<lt found 

ISim” 1840" 1030" "BIS" 2070" 2125" 

V'lip. prew). . . .7 II 108 230 300 750 mm. 

According to H. Moi 8 .san, alumina can be completely volatilized at 22511°, and if 
the volatilization take.s place in a carbon tube some aluminium metal and carbide 
are formed. W. K. Mott gave 34(K)° to 3700° for the boiling point of alumina, a 
number not eonsistent with 0. Rufi and P. Schmidt’s vap. press, curve. 

,1. J. Berzelius* showed that when a number of oxides - chromium, tantalum, 
rhodium, etc. - are heated to redness, some internal change occurs which is 
attended by the evolution of heat, and in some, cases- c., 17 . zireonia- the mass 
becomes incaude,scent. H. le (lhatelier found that the heating curve of alumina 
is dependent on the mode of preparation of the oxide. Thus, alumina precipitated 
from sodium aluminate furnishes a diminution eorrespouding with an endothermal 
change—decomposition of hydrates, etc.- -below 36U°, while alumina preeijiitated 
from an aluminium salt, and that prepared by the calcination of the nitrate show a 
hump in the curve corresponding with an exothermal reaction. These results were 
eoufirnied by .1. W. Mellor and A. T). Holderoft, II. S. Houldsworth and ,1. W, t'obb, 
etc. 

If a Ihernmi'ouple l)e placed in a ma.s.s of Ihe uncalcined oxide in a crucible being heated 
in a funiiwe on a rapidly rising temp, so that the temp. i.s recorded every haif.inimite, a curve 
resoinbling that shown diagranunatically in Fig. 51 is obtained. 
Tho dotU'd lino shows the course which would bo followed by 
the curve if the oxide sufTerod no nioloeular change. The 
temp, of the oxide rushes beyond that of the crucible, and 
it then cools down until it coincides with the rising temp, 
of the crucible. 'Tlio phenoinenon can be called ealoresoence 
-Cfilor, heat. 

Before this change has occurred, alumina is very hygro¬ 
scopic, but is not so after the caloresccncc is completed ; 
the sp. gr. increases very much during the change; 
and I he solubility in acids decreases in a marked degree. 
.1. .1. Berzelius found that gadolinite behaves similarly, 
and K. A. Hofmann and P, Zerbaii observed that the 
oaloreseenee or glowing of this mineral occurs at a 
P. Seheerer observed a similar change with allanitc. and 
lie .studied the action with gadolinite in some detail. He found that the vol. before 
and after ealcination are as 1 : 0'943. He attributed this to an inter-molecular 
change involving a change in the relative positions of the molecules and a decrease 
al the iuter-moleeular/listances. This he illustrates by assuming that the spherical 
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molecules are openly packed before calcination, and closely packed alter calcina¬ 
tion. A. Damour observed a greater change—1; 0-922—with Cingalese zircon than 
with gadolinite, and 0. Hauser found risbrite exhibited a still greater vol. change 
—1:0-90—and the mineral loses its water. Ammonium magnesium phosphate 
glows, loses ammonia, and is converted into magnesium pyrophosphate on 
calcination; and the mineral sipylitc loses basic water, glows brilliantly, and 
forms, according to J. W. Mallet, pyrocolumbate. P. Scheerer's ingenions 
explanation is not of universal application, because H. Rose showed that samars- 
kite exhibits the phenomenon of glowing blit its sp. gr. is reduced so that there 
is an increase in vol. W. Ramsay and M, W. Travers found that fergiisonite also 
decreases in sp. gr. from 5-62 to 5'37 when heated, and the mineral glows strongly 
at 500°--6(X)‘'. H. V. Regnault assumed that .the oxides observed by ,). ,1. Bi-rzelius 
should have a smaller sp. ht. after calcination than before, but he was not able to 
prove it, although H. Rose showed that the sp. ht. of gadolinite is redueed about one- 
foiirteonth. With samarskite, H. Rose observed no difference in the sp. lit. and no 
glow effect on calcination. The nature of the molecular change which oeeurs on 
calcining these compounds has not been established. According to J. A. Hodvall, 
the X-radiograms of the different forms—artificial and natural— are the same, and 
the existence of different modifications has not been established. The evolution 
of heat, said H. le Chatelier, in the calcination of alumina is attended by a molecular 
change in the oxide. The thermal value of the change of alumina from the 
amorphous to the crystalline state was found by W. G. Mixter to be 10 Cals. 
M. Herthelot gave (2AI. ('als. nearly for the heat of formation of alumina, 

and J. B. Bailie and (’. Phry gave 3S()-2 Cals. According to .1. W. Richards, the 
heat of formation is 387'2U Cals, at 0", 421'408 Gals, at 9(JO'’, and 3yl-23(i Cals, at 
1 Kxr, or, at 6°, (2A1, ■3O)^,387-20-t- 192-6d-0-171(ifl2 Gals. W. G. Mixter gave for 
amor|ihous alumina Na,,0 4 AI 2 G 3 — 2 NaA 102 f 40 Gala. 

The double refraction of corundum is feeble and negative, being from 0-008-0'009, 
that is, about the same as quartz. The index of refraction is high, being, on the 
average, 1 -76,5. That of the diamond for the red Li-line is 2-41.35; garnet (pyrope), 
1-7776; sapphire, 01 —1 7678, €=1-7598; ruby, 01-. 1-7675, e-- 1-7.592 ; tourmaline, 
oi-=l-6347, €--16172; and emerald (beryl), 01- 1-5491, € -1.5480. Measure- 
ineiits W(>re made by W. H. Wollaston,’ J). Brewster, W. H. Miller, A. des Gloizeaiix, 
and R. Brauns. G. Melczer foiiiiil that the indices of refraction for natural 
crystals with the C'-ray ranged from 01 l-764.-f-l-7fi87, anil e l-7,563-l-7602; 
with the U-ray, 01 -1-767.5-1-7715, and €- -1-7.594-1-76.'!2 ; and with the A’-ray, 
O)--1-7751-1-7764, and € 1-7668-1-7682, For artitieial crystals with the C-line, 
01 --1-7681-I-7714, and €■ -1-7.597-1-7628; with the Wine, 01 1-771.5-1-7745, and 
€=1-7630-1-7667; and with the . 1 . 77 HU_ 1 . 7 rtlg, and € -1-7706-1-7731. 

The crystals are normally uniaxial, but some varieties are abnormally biaxial. The 
optical anomalies of crystals of corundum have been studied by A, des Gloizeaux, 
E. Mallard, E. Bertrand, G. Tschermak, A. Lasaulx, and R. Brauns. 

The pleochroism in ordinary light is strongly marked in the deeper coloured 
varieties, especially rubies and sapphires. For exan^ple, the ruby may be deep 
coloured when viewed in the direction of the vertical axis, and a much lighter 
colour, or even colourless, when viewed at right angles to this direction; the sapphire 
may be deep blue in the direction of the vortical axis, and greenish-blue, greenish- 
white, or bluish-white when viewed at right angles. R. Brauns, .1. W. .ludd, 
0. Mugge, and F. Rimie have described the pleoohroilic minerals. The jdeiK-.hroism 
of the corundum gem-stones enables them to be distinguished from spinels and 
garnets. H. E, Ives and co-workers studied the emissivity and illuminating power 
of mantles made of alumina and heated by Bunsen's flame. V. Agafonoff 
measured the absorption spectrum of a rose-coloured Cingalese ruby and found an 
absorption band between the blue violet and the Gd-line. The absorption s|)ectrnm 
has also been investigated by P. Rinne. A. Micthe, and M. Chaumet. W. W. Coblentz 
found the ultra-red emission spectrum in the oxy-hydrogen fi^mc has emisfion bands 
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at 4-7/1,5'2|u, and 7-6/i. The reflectmg power for light of wave-length 

A=0-60/i is 84-1 per cent.; for A=0-95/i, 87-7 per cent.; for A=4-4/i, 20-8 pw cent.; 
for A=8-8/i, 1-99 per cent.; and for A=24/i, 6-6 per cent. P. Henning and 
W. Heu.se also examined the ultra-red spectrum of the ruby. The transparency of 
corundum to the X-rays has been investigated by C. Doelter, who found it to be 
about one-tenth as transparent as the diamond, and he arranges some minerals in 
the order of their resistance to the passage of the X-rays; diamond, corundum, talc, 
quartz, rock-salt, etc. P. Bordas found that sapphires are discoloured by exposure 
ki X-rays. 

In 1820, P. Heinrich ^ stated that alumina exhibits a feeble phosphorescence 
when exposed to all kinds of stimuli. D. Hahn stated that Cingalese ruby exhibits 
a fine yellow thermoluminescence ; the glow was very feeble with Cingalese and 
Brazilian sapphires; a grey corundum was found to give a bluish thermolumi- 
iiesccncc at a low temp., and the glow became more intense as the temp, was raised, 
but it completely vanished after the mineral had been heated some time. Some 
samples of corundum and emery show no thermoluminescence. S. C. Lind and 

D. C. Bardwell observed no thermoluminesence with natural sapphire, and only a 
faint glow with artificial crystals. B. L. Nichols and H. L. Howes studied the 
lurainescciit spectrum of incandescent alumina. E. Newbery and H. Lupton 
said that a ruby from Carolina appeared green when strongly heated but regained 
its colour on cooling, the mineral showed a slight thermoluminescence which 
rapidly disappeared on further heating; they also found that exposure to radium 
radiations for 10 days had no appreciable effect on the colour, because the colouring 
matter is not exotic, for rubies are coloured intrinsically by chromic oxide; on the 
other hand, F. Bordas found that a sapphire exposed to radium bromide was 
coloured red, violet, blue, green, yellow, and brown. S. C. Lind and D. C. Bardwell 
found colourleas crystals of sapphire generally become yellow; pink crystals 
become orange; ami blue crystals become greyish or brownish-green; no fluor¬ 
escence occurred. Light-coloured ruby was not changed, but synthetic ruby was 
slightly darkened; no fluorescence occurred. J. 0. Perrinc observed no ultra¬ 
violet fluorescence with alumina. C. Doelter studied the action of radium and 
ultra-violet radiations on sapphire. E. L. Nichols and D. T. Wilber noted that 
alumina <'xhibit.s flame luminescence in the zone of a hydrogen flame between 
reduction and oxidation. E. L. Nichols found that at 1000° in the oxy-hydrogen 
flame, alumina aj>pears blue, not red. The brightness of the radiation at 1000° 
is 1900 tinn-s that of a black body at 665°, and twice as bright as that at 1500°. 

E. Bccqnerel showed that the phosphorescence of corundum increases in intensity 
as the amount of contained chromic oxide increases; and W. Crookes made a similar 
observation with respect to the phosphorescence under the influence of the cathode 
rays. According to H. Jackson, this kind of phosphorescence depends on the degree 
of exhaustion of the tube; 

At a high exhaustion, tlie altunina glowed with a splendid crimspn light. As the 
exhaustion proceetled, a spot of about 3 nun. in diameter in the direct line of the centres 
of the electrodes glowed for lomomcnt with increased brilliancy. This quickly died out, 
and for a i^ort tiioo the spot appeared black by contrast with the surroimding colour. 
Tlien came hi rapid succession the various stages noticed on heating a substance up to a white 
heat. As the vacuum became higher, this bright light died out as it came, and once more 
tile central spot looked black. Then when the vacumn was so high that the discharge 
nearly stoppetl hi the tube, the phosphorescence of the central spot returned, and the glow ' 
was oonilned to this s[H)t; but now the phosphorescence was blue. 

L. de Boisbaudran said that purified alumina does not phosphoresce when ex¬ 
posed in vacuo to these rays, but if 16~‘ part of chromic oxide be present, a distinct 
phosphorescence is produced, and with ICTt part of chromic oxide, the effect is 
brilliant. It is inferred from the work of W. Crookes, L. de Boisbaudran, 
E. Beoquerel, G. C. Schmidt, and W. Arnold that pure alumina does not phosphoresce. 
W. Weiif showed thqt alumina prepared by precipitation and dehydration of the 
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hydroxide is not fluorescent or phosphorescent under the influence of the cathode 
rays, while that which is prepared by burning the powdered metal in air or 
oxygen is fluorescent and phosphorescent under the cathode rays, and also gives off 
oxygen under the influence of these rays, J. A, Wilkinson showed that the differenci' 
is not due to the formation of aluminium peroxide hy the burning aluminium, but 
is rather due to the presence of sodium peroxide derived from the combustion of 
the sodium contained as an impurity in the metal. J. Rossignol, J. Ewles, and 
E. L. Nichols and D. T. Wilber studied the cathodo-luminescence of alumina. 
6 . C. Schmidt found that alumina phosphoresces under the influence of the canal 
rays only when the alumina is impure; but J. Tafel takes the contrary view. 
J. A. Wilkinson’s work shows that the difference in the reports is the result of in¬ 
attention to the unsuspected impurities in the so-called pure alumina. According 
to F. Beijerinck, corundum is a non-conductor of electricity ; and A. A. Somervdle 
found powdered alumina to be one of the beat of electrical insulators. For 

E. Thomson’s magnetooptical effect, vide zinc oxide. 

Alumina at a red heat is not affected by hydrogen, but H. N. Warren * obtained 
aluminium by reducing alumina with hydrogen while contained in a lime tube 
heated by the oxy-hydrogen blowpipe flame—mV/e aluminium. According to 
W. N. Hartley and co-workers: 

Tire actual energy supptied before atumina is reduced by carbon, carbon monoxide, or 
hydrogen is —82','i Cats., —62*7 Cals., or —72'9 Cals., respectively. Tlio carbon monoxide 
value is thus shown to be less than that in either of the other two reactions. Alumina 
is reduced to the metallic state in the oxy-hydrogen flame, and the induction takes place 
more easily when the alumina is mixed with some dense form of carbon. In the first 
instance, the flame alono supplied hydrogen only ns the reducing agent, consiMpiontly, 
the energy required for every atom of oxygen removed was 72't) Cals, in tlio form of 
extraneous heat which was necessary not only for initiating the process, but also maintaining 
it. When solid carbon was used tliis was a somewhat higher figuie, being 82-5 Cals., but 
this very reduction process with solid carbon would rcault in the formotiun of carbon 
monoxide which could then operate upon another mol. of alumina, which places the extreme 
limits of the energy required for reduction as between 83 Cals, and 82’5 Cals. From this it 
would apyiear that the reduction of alumina may be carried out in the oxy-hydrogen flame 
by a purely chemical action if the extraneous energy required to initiate and maintain 
the action does not exceed 82-6 Cals, per atom of oxygen removed. 

According to J. Dewar, a gram of dry alumina at the temp, of liquid air 
adsorbs 70 c.c. of air at atm, press,, but under reduced press, the adsorption 
rapidly decreases. M. Eeichardt and E. Blumtrill found that aluminium 
hydroxide, air-dried and dried at 100°, absorbs from air, respectively, 11 and 
89 c.c. of gas pet 100 grms., and the gas contained respectively 41 and 83 pet 
cent, of nitrogen; 0 and 19 per cent, of oxygen; and 69 and 0 per cent, of 
carbon dioxide. This remarkably selective absorption has potential apjilieations, 

F, Scheermesset also noted that carbon dioxide is strongly ad.sorbed by alumina. 
C. F. Cross found that alumina dehydrated at a low red heat absorbs water 
corresponding with AI(OH )3 when exposed to a moist atm., whereas alumina 
ignited over thtagas flame rehydrates to Al 20 ( 0 H) 4 ; and alter blowpipe ignition, 
it rehydrates approximately to AIO(OH)— vide aluminium hydroxides. According 
to J. W. Mellor and A. 1). Holdcroft, 100 grms. of alumina, which have been 
dehydrated at 800°, absorb 10‘76 grms. of moisture, and that dehydrated at ]2(XI°, 
O'Ol grm.; F. M. 6. Johnson utilized this fact and found alumina dehydrated at 
a low temp, is a better drying agent for gases than calcium chloride, sulphuric 
acid, etc. H, Adkins discussed the use of alumina as a dehydration and decar¬ 
boxylation agent; and 8. Medsforth, the accelerating influence on nickel as a 
catalyst in the reduction of carbon monoxide or dioxide by hydrogen. For the 
Pooiilet effect with alumina, vide 1. 9, 9. 

H. Moissan found that, at ordinary temp., flnoiilie reacts with alumina, toute la 
masse devient luminease, forming the fluoride, and liberating oxygen; but chlorine 
has no apparent action on alumina at a red beat. These facts are taken to correspond 
with the heats of formation of the oxide, AlgOg, 380 2 Cals., of the cblotfUe, AlClg, 
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161'4 Cals., and of the fluoride, AlFj, 249 0 Cals. The heat of formation of the 
fluoride thus exceeds that of the chloride, and that of the oxide exceeds that of the 
fluoride. The reaction 2Alfi3-\-6C%=‘WCl3+30i-lH-S Cals, beingendothermal 
does not occur. Aluminium chloride, boworcr, is but incompletely decomposed 
by oxygen at a red heat; and R. Weber found that at a white heat some aluminium 
chloride is formed by the action of chlorine on alumina. If alumina be mixed with 
carbon and heated in a stream of chlorine, aluminium chloride is formed by an 
exothermal reaction, Al2O3'j-3Cl2-bflC”3CO-f'2AlCl3*l*30'2 Cals., the so-called 
//. 0. Oersted's reaction, because the heat of formation of carbon monoxide, CO, 29'2 
Cals., is capable of doing chemical work in the reaction. A. Duboin and A. Gautier 
showed that boron and silicon can take the place of carbon in H. C. Oersted’s reaction, 
forming aluminium chloride, and in the one case boric oxide, and in the other case 
silica, but not silicon tetrachloride or silicochloroform. Similarly, the heated oxide 
is decomposed by carbon tetrachloride, as shown by E. Demarfsy, and L. Meyer; 
the last-named obtained a similar result with chloronaplithalene; and H. N. Warren 
passed themixod vapours of petrolcumand chlorineoverheated alumina and obtained 
aluminium chloride—tu'de aluminium chloride. If alumina be heated with an excess 
of ammonium chloride, part of the alumina is volatilised as chloride. L. Troost 
and P. Hautefeuille found that the vapour of boron trichloride also forms aluminium 
chloride and aluminium borate. According to A. Duboin and A. Gautier, bromine 
and iodine react on a mixture of boron and alumina in an analogous manner. 
A. Daubreo found the vapour of phosphorus pentachloride attacks heated corundum 
more slowly than amorphous alumina, forming phosphoryl chloride, and aluminium 
phosphate, and, according to R. Weber, a double compound of aluminium and 
phosphorus trichlorides. L. Troost and P. Hautefeuille found that silicon fluoride 
at a red heat reacts rapidly with alumina, forming, according to A. Daubrec, topaz. 
When hydrogen chloride is passed over a heated mixture of alumina and silicon, 
L. Troost and P. Hautefeuille found that aluminium chloride but no silicon chloride 
is formed. G. Gore found dry liquid hydrogen chloride converts alumina into the 
chloride without dissolving the product —vide aluminium chloride for the action of 
the gas. The solubility, or perhaps the rate of soln., of alumina in acids is greatly 
affected by the temp, at which the solid has been calcined. Like many others, 
tf. lo Chatelier found that if the temp, of calcination exceeds 850°, alumina becomes 
insoluble in acids. H. Rose said that calcined alumina dissolved slowly in boiling 
hydrochloric acid. .1. W. Mellor and A. D. Holdcroft found that the amount 
dissolved by hydrochloric acid during 2 lira.’ shaking at 14°, from alumina calcined 
for 10 hrs. at 

ooo‘ 700' SCO" see" 1200" 

Per cent, diwolvod .... 42*1)0 20*4U 7*84 6*92 O'OO 

0. Hbnigsclimid found that calcined alumina is indifferent towards acids, even a 
mixture of hydrofluoric acid and nitric acid. A. Mitscherlich said that corundum 
and crystallized alumina are insoluble in cold acids, but boiling sulphuric acid 
(8: 3) attacks corundum slowly, and if the mixture be heated in a sealed tube, the 
dissolution is completed. A. Gautier found heated alumina is attacked by hydrogen 
sulphide, dAl^Os t-9H38-3S03“t-9H3+2(Al203.Al2S3). E. Frcmy found carlMn 
disulphide at a red heat forms aluminium sulphide. The reduction of alumina by 
carbon is discussed in connection with aluminium, and the carbides. K. Nischk 
found that alumina in the presence of copper can be reduced by carbon, forming 
an allw of copper with several per cent, of aluminium. L. Kahienberg and 
W. J. Trantman found alumina is not reduced by silicon. The action of caidnm 
carbide, potassiam, and magnesium on alumina is discussed in connection with 
aluminium. E. fiotolfsen showed that alumina is reduced by caldUffl. 
G. W. Scheele found alumina to be insoluble in hydrocyanic add. 0. Hdnig- 
schmid showed that ealeined alumina.is but slowly attacked by cone. soln. of 
elfcall hydroxide, and by fused sodium hydroxide, or a mixture of fused sodium 
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carbonato Mid nitrats, but it is readily attacked by (used potassium hydro- 
sulphate. E. J. Mills and C. W. Meanwell found that when fused with sodium 
sulphate, sulphur trioxide is evolved, and this the more the smaller the proportion 
of alumina. According to F. do Lalande and M. Prud’hoinme, a nii.vture ot 
alumina and sodium cMoride decomposes at a red heat in a stream ot dry air or 
oxygen, and chlorine is evolved. G. Matchal found the reaction between CTl e i y m 
sulphate and alumina begins at 940°-95()°. 1>. Ebell found that molten glass 
dissolves comparatively large quantities of alumina, and that most of this crystallizes 
out on cooling. 

Bauxite has been used to a limited extent in making refractory bricks 
chiefly for rotary cement kilns, and for open-hearth basic steel funiaecH where not 
only are fire-resisting qualities required but also a resistance to the corrosive action 
of slags. The bauxite is used alone, or admixed with a binding agent milk of lime 
or plastic fireclay. The bauxite may also be used to fortdy ordinary fireclay. 
Bauxite bricks have an abnormally high shrinkage when in use unless they have been 
burned specially to a high temp. In order to lessen this shrinkage, the bauxite may be 
pre-calcined so as to convert it into corundum. A number of patents have been 
obtained for the use of corundum or fused alumina in refractory goods. 0. Knff 
and W. Goebel studied the preparation of plastic masses of alumina for making 
vessels of various kinds. The use of fused bauxite or corumlnm as a refractory 
has been discussed by A. Bigot, A. Granger, etc. One trade name for fused 
alumina is alundum. Other trade names have been given to the product- corindifc, 
dianianline, aloxife, oxyalumim, adamite, efectrite, etc. The liyqiroduct in the 
thermite reduction of chromic oxide is corubin. In the preparation of alnmlum, 
calcined bauxite is fused in a water-cooled arc-furnace. The impurities are to 
a certain extent reduced, and they partially segregate, as impure ferro-silicon, at 
the bottom of the fused mass. The fused alumina is crushed and mixed with 
the necessary proportion of a plastic clay and felspar to enable it to be moulded, 
and to impart the necessary binding power in the fired product. Numerous articles 
for the laboratory are made of alundum. 
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§ 11. Aluminium Hydroxide,, and Peroxide, 

J. D. Dana,! and H. Lienau aasume that there are three aluminium hydroiidea, 
viz. dttfaporc, AI 2 O 3 .H 2 O, i.e. AIO(OH); hauxile, AI 2 O 3 . 2 H 2 O, i.e. Al 20 ( 0 H) 4 ; 
and gibbiite AI 2 O 3 . 3 H 2 O, i.e. Al(OH) 3 . The firat and last are clearly defined 
hydroxide,, but the individuality of bauxite i, not so manifest, and the term is 
used genetically for natural products with hydrated alumina as the dominant 
constituent. F. Cornu and K. A. Kedlich, and B. Wohlin maintain that there are 
only the mono- and tri-hydroxides, and that bauxite is simply a mixture of the 
two. In support of this, B. Wohlin found that when bauxites of the mono-hydrate 
type are heated they showed a decided heat abaorption at 640° while they were being 
dehydrated. Those of the trihydrate type showed a heat absorption at 31,0°, which 
V. T 
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wan their dehydration tciii]). The minerals whicli had a composition corresponding 
to a dihydrate showed beat absorptions at both 310° and 540°. 

The mineral diaspore was described by R, J. Haiiy ^ at the beginning of the 
nineteenth century ; it was analyzed by L. N. Vauquelin. R. J. Haiiy named it 
diaspore after fimirwupui, to scatter, because, when introduced in a flame the 
mineral se dissipe. en une multitude de parcelles. The source of R. J. Haiiy’s specimen 
was not known. (1. Rose found a similar mineral during his travels in the Urals. 
Specimens from various localities have been analyzed by A, K. Nordenskiold, 
C. II. Hess, A. Defrenoy, (t U. Shepard, A. Damour, R. Hermann, J. L. Smith, 
K. Hussak, C. T. Jackson, A. Liiwe, M. Waterkamp, etc. The mineral may be 
regarded as aluminium monohydrozide, or as meta-aluminic acid, HAIU^, whose 
salts -the meta-aluminates- are represented by the spinets. H. de Senarniont,^ 
E. Weinschenk, and U. Kriedel obtained artificial diaspore accompanying corundum 
in the process they cmployeil for synthesizing corundum (</.i).). A. C. Bccquerel 
also separated solo, of potassium alununato and chromic chloride by parchment 
paper and obtained a deposit of crystals of diaspore on the membrane- -vule, supra, 
Istcrite. 

Diaspore occurs in nature in rhombic bipyramidal crystals with axial ratios, 
according to N. von Kokscharofl, a : 5 : c —0''J3722 :1,1 :0(10387. According to 
K. Walther, aluminium motiohydtoxide is dimorphous, for he obtained a mineral 
from t'erro Redondo, Minas, Uruguay, which he named kayseritc—after E. Kayser. 
Its composition was .410(011), anil the raouoclinic crystals had a micaceous 
cleavage. The fracture of diaspore is conidioidal. The crystals are isomorphous 
with gothite, FckOj.HjO, or llFeO. 2 , and with manganite, .Mn 303 .H. 20 , or HMnO.,. 
The crystals ate colourless, but if contaniiuateil with ferric oxide they may be 
tinted cream, grey, or brown; violet crystals have also been repotted. The 
pleoohroism of the coloured crystals has been described by W. Haidinger, a|ipear- 
ing violot-blue in one direction, reddish plum-blue m another, and pale asparagus- 
green in a third direction. Diaspore may occur in foliated masses, in thin plates, 
or it may be stalactitic. The a[), gr. ranges from 3'3-3 0 ; and the hardness, 6- 7. 
K. Walther gave 5-6 for the hardness of kayserite. (!. Spezia fused diaspore to a 
polourlessglass, by heating it in the flame of a blowpipe fed with oxygen. According 
to A. Mitscherlich, the mineral loses no water at lUO", Init water is given off at a 
red heat. According to A. des Uloizeaux. the double refraction is strong and 
))ositive; and A. Michel-Levy and A. Lacroix give for the indices of refraction in 
Na-light, o--:l'7()2, )3--l'722, )'--l'75(). K. Walther gave for the indices of 
refraction of kayserite, a =1'68, and y below 1‘74; and the birefringence was 
0'055. A. Kenngott saiil that when powdered and calcined diaspore is moistened 
with water, it has an alkaline reaction. According to A. Damour, diaspore is not 
attacked by acids or potash-lye; but after calcination it is soluble in snljihuric 
acid. According to F. Beijerinek, diaspore is a non-conductor of electricity. 

11. Davy t analyzed a mineral found by W. Wavel at Barnstaple (Devonshire) 
and reported it to contain a)iproximately 70 per cent, alumina and ,30 per cent, 
water with about 1-4 of calcium oxide and some fluorine. He said that B. 0, Babing- 
ton proposed to call the mineral umrllite, but “ if a name founded on its chemical 
propertir'S bo preferred, it may be denominated hydrargiilite, from Koip, water; 
amtXkat, clay." J. J. Betzelius, and J. N. von Fuchs, however, showed that what 
H. Davy assumed to bo alumina was really aluminium phosphate. The term 
wavellite now refers to the aluminium phosphate, and hydrargillitc to the hydrated 
alumina, but for a time, as a residt of H. Davy’s mistake, the two minerals were 
oonlused. T. Thomson called the Devonshire mineral devonile, and J. N. von 
Fuchs, lasionite. C, Dewey found a mineral at Richmond (Mass,) containing water 
and alumina, and called it gibbsite i.n honour of 0. Gibbs. Analyses made 
by J. Totroy, B. SilUmau, and J. L. Smith and G. J, Brush corresponded with 
AI(0H)j; G. Rose applied H. Davy’s name hydiaigilUte to a similar hydrate found 
in the Urals; anij analyses by R, Hermann, F. von Kobell, K. von Hauer, 
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J. H. Gladstone, A. von Liebrich, F. Kovar, L. L. Ferinor, A. K. Nordeimkjold, 
H. Warth, A. Mitscherlich, H. Gorceix, A. de Schulten, J. da Costa Seim, 
E. Jannettaz, and W. C. Eustis of other specimens agree with C. Dewey's gibbsite. 
G. J. Brush, and G. A. Kenugott discussed the more ajtpropriate term gibbsite or 
hydrargiilite for the mineral. Crystallized gibbsite or hydrargillite is comparatively 
rare. According to A. de Schulten ^ the crystals of trihydrated alumina obtained by 
many processes are of artificial gibbsite, or hydrargillite, or aluminium trih9<dlO|]d6i 
AI 2 O 3 . 3 H 2 O, or A 1 ( 0 H )3 — e.g. it is formed when a sat. soln. of aluminium hydroxide 
in dil. ammonia is warmed on a water-bath so that the ammonia is but slowly 
expelled ; or when u slow current of carbon dioxide is passt'd over tlie surface of 
a warm alkaline soln. of alumina. J. M. van Bemmelen also sliowed that the 
aluminium hydroxide precipitated by L. Ic Chatelier’s process (mJe. mpra) by 
tmssing carbon dioxide through a boiling soln. of alkali aluminate; or by 
0. J. Bayer’s process, by the action of aluminium hydroxide on a soln. of alkali 
aluminate {vide supra) is crystalline trihydroxide. M. Bucliner treated the 
aluminium salt in the solid state with alkali soln., or the salt was moistoued with 
a very little water and subjected to the action of gaseous ammonia. Tlie salt was 
also dissolved in its water of crystallization and treated with ammonia, or a metallic 
oxide or hydroxide, with or without steam. Crystals of this hydroxide, were also 
made by P. A.von Bonsdorff, as previously indicated; F. Wohler obtained the crystals 
by boiling a piece of aluminium in w’ator for many hours; (\ Weltzien. by the 
action of hydrogen jieroxidc on aluminium; and A. Cossa, by tlie action of water 
on aluminium amalgam. A. C. Beotiuerel obtained crystals of the same jiroduct by 
separating .soln. of potassium aluminate and abiiniiuum chloride by a diaphragm. 
T. Schldsmg obtained the same trihydrated alumina by calcining the enneahydrated 
nitrate at 140®; and M. Dulio obtained this hydrate in the form of a white powder 
by the electrolysis of an aq. soln. of alum. 

Some colloidal foriiiH have lH*en r«‘})orlcd. Thun, 'J’. A. Nicolaewsky apjdiod tho term 
Hhanyau'ftktfr or KcUumjnwHkitc after A. L. Shanyawskile or A. L. Schanyaw-skite--to an 
amorphous hydrated uluimna, appn)Ximating Al.j0j.4H_.0, which he found in crevices in 
the iloloimto. near Mokcow. 0. Pauls KUgi'ested that bauxite eontaiiis a larjje proportion 
of a «:olloid which lie railed alumoijfl; M. Kispatic, anti F, Tucan calk'd the colloidal 
alumina in bauxite corresjiondinK to diaspore, Alj0j.H.;0, HporotjehU, and F. Cornu called 
it a-klnirh)lf, while that corresponding to hydrargillite, Ab0v3H,0, was called a-kliiichtr, 
Tho kha<‘hite i.s also railed charhUe or kljaktti— after Khocho in Dalmatia. Vulr bauxites. 

The artificial crystals of gibbsite arc white, tlie natural crystals may be grey, 
greenish-grey, brown, or yellow. W. Haidinger showed that the coloured crystals 
may be pleochroic. Crystals ot gibbsite are not common; the mineral is usually 
stalactitic, or it may occur in small mammillary masses with a laint fibrous structure. 
N. von Kokscharolf su|i|iosed the mineral to be trigonal, but A. lies ('loizeaux, and 
W. C. Brdgger showed that the crystals are monoelinie iirisms, with axial ratios 
a : 6: c -1'708'J0: 1; 1'II184.'I, and j3 85" 2111’. 1*. tirotli suggested that gibbsite, 
A 1 ( 0 H) 3 , and boric acid, ItlOHjj, are isoiuorphous. 0. Milgge di'soribed the basal 
cleavage ; and W. C. Briiggi'r, the twinning. Aeeoriling to L. H. Milligan, X-radio- 
grains ol crystalline aluminium hydroxide, |irei)ured by Bayer’s jirocess, resemble 
those of the mineral gibbsite, thus showing it to be a definite crystalline comjiound. 
The sp. gr. ranges from 2 3 2 ‘1 -A. de Schultcn gave 2’423 ; the hardness is between 
2 and 3. According to J, M. van Bemmelen, at 170°, the comiiosition remains 
AI 2 O 3 . 3 H 2 O, i.f. AI(0H)3, but after 20 hrs.’ heating to 200°, the composition approxi¬ 
mates Al. 2 Oj. 2 H 2 O ; if heated for a long time at 22.5°, AhjOj HjO is formed, and this 
change is completed at 300°; and if heated to 320°, still more water is given off, 
W. Ramaay, T. Caniellcy and .1. Walker, and K. Martin invesligated the dehydration 
of aluminium hydroxide- eirfe infra. L. H. Milligan sliowed that cryatalline 
aluminium hydroxide remains constant in composition, AlfOH),, U]i to 145°. Tlie 
evolution of water commences just over 145°, and is almost compIeOvat 200°; 
about 8 per cent, of the original aluminium hydroxide reniuius undeeomiiosed at 
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this tcmi). There is no evidence of the formation of other hydrates. The water 
aheorbed by alumina dehydrated as low as 275°, is simply adsorbed, and does not 
combine chemically with the alumina. T. Hagiwara found that aluminium 
hydroxide lost only 018 mol of water at 180”, but if previously ground with four 
times its weight of quartz, it lost 2 01 mols. This is taken to mean that the affimty 
of a substance for water is lessened by subdivision, since the chemically combined 


water becomes adsorbed water. , . , 

U. Rose, and C. F. Cross found that dehydrated alumina recombines with 
water with the evolution of heat, and this the less the higher the temp, at jmeh 
the alumina has been heated—vide aluminium oxide. A. Mitscherlich found that 
the hydroxide dehydrated at about 240” reforms the trihydrate in moist air. 
J. Thomsen gives for the heat of formation (2A1, 30, 3 H 2 O), 388'80 Cals.; and 
(Al, 30, 3H), 2961)4 Cals. The double refraction is strong and po8itivi\ 
W. C. Brogger gave for the indices of refraction a=P--l'5347, and y=l’6577 ; and 
F. Slavik gave l'660-l-573. W. W. Coblentz found a wide band at 3/* in the ultra- 
red transmission spectrum of bauxite, and other bands at 4'7/i, 5'8/i, and Tfi. 
In the ultra-red transmission spectrum of hydrargillitc, W. W. Coblentz found one 
largi’ Wtttt'r-baiul at 3ft; and iu that of diasporc a band at 3ft, and smaller bauds at 
1 - 9 / 1 , .h-S/i, and O-7/i. In the ultra-reil reflection spectrum, there arc no marked 
absorjition bauds up to 8/i; there is a broad band between 9'4/i and lO'B/i with 
maxima at 9'45/i, 9*8/i, ami lO-2/i. The region 12/i to l-3/i is complex, but there is 
a maximum at 12*8/1. There are also maxima at 8‘55/i, 13-8/t, and 14 6/i. 
F. Beijerinck said that gibbsite is a noii-couductor of electricity. F. Wohler, 
I’. A. von BonsdorfI, A. Cossa, and V. Zunino noted the relative chemical inertness 
of crystallized aluminium trihydroxide. The crystalline trihydroxidc is said to be 
insoluble in water, aq. ammonia, alcohol, and to be almost insoluble in cold sulphuric, 
hydrochloric, or nitric acid, and alkali-lye; to be very slowly soluble in boiling 
hydrochloric acid ; and rajddly soluble in iiot sulphuric acid. J. M. van Bemmelen 
found that the crystalline hydrate has not the power of adsorbing salts from soln. 


to any marked degree. 

Hydrated alumina not only occurs crystalline in the form of definite hydroxides, 
but it may be obtained in a noii-crystaUino or amorphous stale, as exemplified by 
the colloidal alumina hydrogel which is very sparingly soluble in water, and the 
so-called soluble hydrate in the form of an alumina hydrosol. The formation of 
alumina hydrogel by adding ammonia, or alkaU hydroxides, has been described in 
comicotiou with the formation of aluminium oxicle. E. J. Mills and R. L. Barr® 


found that by adding sodium carbonate to a soln. of alum, the mixture remains clear 
until the molar ratio NaaCOj : AySOilj is 3 :5 ; when the ratio is 7-5 : 5 half the 
alumina is precipitated as hydroxide, and when the ratio is 12:5, all the alumina is 
precipitated. The amount precipitated in the first half of t he reaction is proportional 
to the amount of sodium carbonate, and after that an increasing amount is pre¬ 
cipitated. According to 0. Renz, when a soln. of aluminium nitrate is precipitated 
by an excess of ammonia, a small quantity of aluminium hydroxide remains dissolved, 
but freshly precipitated and washed alumina is quite insoluble in ammonia. When a 
soln. of potassium aluminate is precipitated by the calculated quantity of ammonium 
chloride and a large excess of ammonium hydroxide is rapidly added, the precipitate 
completely redissolves. The modification of aluminium hydroxide soluble in 
ammonia is best prepared by addition of the calculated quantity of ammonium 
sulphate to a soln. of barium aluminate to which an excess of ammonia has been 
added. On filtering ofi the barium sulphate, a clear soln. is obtained, containing 
01 grm. of alumina in 60 c.o., and on evaporation, it leaves the hydroxide as a white, 
not homy mass, dissolving less readily in acids than the ordinary modification. 
The filtration and washing of the hydrogel causes it to lose its property of dissolving 
in ammonia so that it appears as if there are two varieties of the hydrogel, one soluble 
and thf, other insoluble in aq. ammonia. The product was investigated by 
E. Wendehorst, Gi Jander and B. Weber, L. Kum, B. Fittig, F. Tuoan, 
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1 >. P. von Weimarn, etc. According to 6 . Ldsekann, hydrogen sididiide 
precipitates hydrated alumina from alkaline ,soln., and the |ireeij)ilute dis¬ 
solves when the mixture is boiled—presumably by a reversal of the reaction. 
K. Schluraberger found that when the jireeipitated hydroxide i.s wa.shed to remove 
the alkali salts, it loses to a large extent its solubility in acids. Tbe iiroduet is 
assumed to be a mixture of soluble and insoluble colloids which may be separated 
by dil. hydrochloric acid, or alkali-lye. He said that the composition of the precipi¬ 
tated hydrates is not very definite, and he claimed to have made AlioO-j^llu, t.e. 
10 AI(OH )3 less 8 H 2 O, or SAIaOj.IHjO; and AloO^Hn,, i.e. 6 Al(OII);i less IHdt, 
or . 2 AI 2 O 3 . 6 H 2 O. The latter hydrate is represented by the formula : 

AL(0H),<®>A1,<‘]>AI,(0H), 

HO^OH 

.but a formula cannot materialize a com})ound. It is said to be very hy^rosoo])ic, 
to swell up in cold cone, sulphuric acid, but not to dissolve mdess llie aci<l is 
heated, when it forms normal aluminium salts ; on the other hand, it dLssolves with 
great ease in cold, dil. hydrochloric acid to a viscous, opalescent, but homogeneous 
liquid, which passes through filter-paper. This liquid, whii’h is acid and astringent, 
appears to coagulate when cone., and the drie<l ooaguluni forms a gummy mass 
of the composition, Al 6 ()i 4 H|o.H(. 1 . Wlu'ii the soln. of the hydrochloride \n dialyzf*(l, 
normal aluminium chloride is eliminated, and the original basic hydroxlfh' ri'inains. 
W. Pauli regarded the colloidal particles as complexes like Al(()n)a..41(OH)2C'l, etc.-- 
vide oxychlorides. According to K. Wdlstatter and H. Kraut, aluminium hydroxide 
is prepared (i) as a pale yellow, jdastic mass by preci}>itating aluminium sul]>hate with 
cone, ammonia and subsequent protracted h(‘ating of the. precipitate with ammonia; 
(ii) as a very pale yellow, viscous, plastic mass prepared in the same manner as (i), but 
with avoidance of protracted heating; (iii) as a pure white, very voluminous, and 
very finely divided substance, by precipitating aluminium sulphate with dil. ammonia 
without protracted heating; and (iv) as a pure white, coarse jiowdiT by })assing a 
alow current of carbon dioxide through a soln. of potassium aluniinate. The chemical 
behaviour of the products towards a one per cent. soln. of sodium hydroxide, warm 
12 per cent, acetic acid, or 1, 15, or 30 per cent, hydrochloric aci<l, differs in the 
several cases, and cannot be explained on purely chemicjil or purely colloiil-ebemieal 
grounds. The existence of definite hydrates in the preparations is indicatofl by the 
results of their desiccation over sulphuric acid and by their step-wise dehydration at 
gradually increasing temp. The adsorptive capacity of the <Iifferent varii'ties for 
the enzymes invertasc and lipase is affected to a very marked extent by tbe dilution 
of the soln. V. Kohlschiitter and co-workers investigated the dependence of the 
properties of dispersed aluminium hydroxide on the mode of preparation. 

D. Toinmasi found that the hydrate precipitated by ammonia, has tbe com)M)si- 
tion A 1 ( 0 H )3 after it has stood under water for 3 months—probably tbe product 
is here, the crystalline hydrate, because its solubility in hydrochloric, nitric, or acetic 
acid or in alkali-lye is said to be as difficult as that of the calcined oxide, although 
it is easily soluble in cone, sulphuric acid. L. Pean de St. Gilles found that after 
boiling precipitated alumina with water for 20 hrs. the composition approximates 
AI 2 O 3 . 2 H 2 O ; butif heated with water to 260''-300®, in a scaled tube, A. Mitscberlicli 
found 17*78-18 00 per cent, of water was retained. J. I^we found that the hydrate 
precipitated by ammonium chloride from alkaline soln., and dried at 100 °, is nearly 
AI 2 O 3 . 2 H 2 O. B. T. Allen is of the opinion that precipitated alumina has the 
composition Al(OH) 3 , whether prepared by precipitating warm or in tlie cold with 
ammonia, by boiling a soluble aluminate with ammonium chloride, by boiling the 
basic carbonate with water or dil. ammonia, or by the prolonged action of water 
on soluble aluminatea. The last form is crystalline and does not lose water over 
sulphuric acid; the amorphous varieties under such conditions, or by heating at 
110 °, lose a mol. of water, leaving the hydrate, AlgOjHi, which is hygroscopic and 
reverts to AlfOH)). ' 
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Alumina hy<lrogcl (irios to a white, hard, liorny mass which, like dried glue, sticks 
to the tongue, and with water it forms a sticky mass. Alumina precipitated in the 
cold from not too dil., colloid-fri’e solo, was found hy F. Halier to be amorphous 
when tested hy the X radiogram method. Alumina |)repared by peptizing the 
acetate viilr iiifm and filtering through a colloid filter, left a membrane of alumina 
which gave evidence of a crystalline structure. S. Hakomori stinlied the failure of 
ammonia to precipitate aluminium hydroxide in the presence of tartaric acid or 
glycerol, but without coming to very definite eonelusions. J. Lowe said that the 
alumina precipitated fiom alkaline soln. by ammonium ehlorhle, is more opaque than 
that precipitated by ammonia. .1. J. Berzelius found that the preeijiitate dried at 
110° was ei|. to Al(OH) 3 . E. T. Allen said that the hydrate has the greatest sp. gr. 
when precipitated from basic carbonate soln,, but the sp. gr. of the crystalline hydrate 
IS greater than that of the most dense hydrogel. A. Mitscherlieh noted that the dried 
precipitate loses a little water at 130°, and the greater part is expelled between 150° 
and 280", so that at the latter temp, the residue has the composition AI 2 O 3 .H 2 O; the 
remaining water is retained until the teniii. is bright red. The Compagnie des 
Produits Chimiques found the precipitate is readily dehydrated if the calcined mass 
is moistened with hydrofluoric acid and reealeined, although the final product then 
contains abouf. one jier cent, of fluoride. \V. Ram,say, and T. Carnclley and J. Walker 
measured the rate at which water is given oil at dilferent temp., but found no signs 
of a discontinuity corresponding with the formation of definite hydrates. J. M. van 
Bemmelen also showed that, when heati'd, alumina hydrogel is constantly changing 
molecularly, an that at no ])eriod can it be nqireaented as a chemical individual with 
a simple formula, W. Ranasay found that the hydrate, heated at 10t)°, has 29'5 
per cent, of water; at 115", 23'r) per cent.; at 2(hi, lt )'8 ]ier cent.; and at 300°, 
15 per cent. W. Mfiller Erzbaeh made some observations on this subject. 

The at 1 em|its to fix a definite formula for alumina hydrogel have not been 
successful. .1. M. van Bemmelen preei|iitaled it by ammonia, and found that 
the colloid obtained (i) with very dil. .soln of aluminium chloride and ammonia, 
when rapidly washed ami dried in air, had the eomposiliou AloO^.l-filloO ; but 
if obtained (ii) from cone, soln,, AU(t|,1'irilljO; if the latter be boil"ed with 
W.ater 24 hrs., (iii), or allowed to stand uniler water (1 mems., (iv), and then dried 
in air, the composition is Al.iOj.I'llLO. In spite of the similarity in composition, 
the four substances behave ditferently whim allowed to .stand in air sat. with water 
vapour, or when dried ah ltX)°, or over cone, sidphurie acid. The water lost at 140° 
and 300° is different; but in all cases, when dried between 250° and 3IX)°, the 
composition ajiproximates Alj.O 3 .ll 5 O. When (iii) has been heated to 100 °, its 
composition corresponds with Al 2 O:,. 3 ll.j 0 ; lint (ii) has 1-85 mols of water after 
standing at UK)' for one hour, and 11 mols of water after standing at 100 for six 
hours or more, while if it has stood an hour over cone, sulphuric acid, it contains 
1'99 mols of water, and after 9 days, I'fi mols of water. In general, the more 
water the colloid has lost by heat, or the longer it has stood under water, the more 
difficultly soluble it is in nitric or hydrochloric acid. The power of rer.dsorbing 
water also decreases as the period of drying is extended. For instance, (i) and (ii) 
when dried at 100 ° until they have respectively the compositions Al 303 , 2 ' 3 H 20 and 
Al 208 . 1 ' 8 H 20 , can absorb the original quantity of water from a moist atm.; but 
if dried over sulphuric acid, the former can take up 1'4 mols of water and the latter 
1'8 mols. If (i) is heated to 300° until its composition is A 12 O 3 . 0 - 9 H 2 O, it forms 
Al 20 s. 3 ' 3 H 20 in a moist atm. 

According to J. M. van Bemmelen, alumina hydrogels, whether freshly pre¬ 
cipitated or dried, adsorb acids, bases, and salts from soln. W. Pauli considers 
that complexes Al(OH) 3 .Al(OH) 2 L'l, etc., are formed. H. von Zehmen studied the 
reversible hydration and dehydration of the colloidal alumina prepared by 
H. Wislieenus. On heating, the loss of water takes place stepwise between 100° 
and 200 °, inasmuch as a definite percentage of water is lost at any given temp.; 
6'6 per o^nt, is lost at, 100°, a further 3 per cent, at 150°, and 2-3 per cent, at 200° ; 
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and above 200°, there is no further loss. On keeping in an open dish, praetieally the 
whole, of the water is readsorbed in one day, and tlie small residue in four (o live 
days. The inaximum absorption of water i.s (iO jier cent., and this amount is taken 
up in a few weeks by kee])ing the fibrous material in an atm. sat. with water vapour. 
In taking up water, swelling occurs; thus I'DT griius. of material dried at 2110°, 
had a volume of 5‘60 c.c., and on keeping for three day.s in an atm. sat. with water 
vapour, it increased in weight to 312 gnus, and in volume to 6 30 c.c. According 
to A. Tian, the hydrosols of the metal hydro.xides are usually not very stable; it 
is exceptional for the hydrosol produced by the hydrolysis of the metal salt to 
flocculate. This is because the tendency of the particles of the hydrosol to nnite 
to form particles of greater size is reversible owing to the chemical forces tending 
to peptization, and an equilibrium is established. The adsorption of salta, etc., 
by alumina hydrogel was studied by K. Warington, 1). Stromholm, H. Kheinbohlt 
and E. Wedekind, H. von Euler and R. Nilsson, H. B. Weiser and E. B. Middleton, 
S. Wosnessensky, etc. It is impossible to precipitate hydrated alumina from soln. 
containing other salts, without adsorption phenomena. This explains the trouble 
the early chemists had in precipitating alumina from alum soln. The product always 
contained adsorbed sulphates, and this is the origin of the statement that the ]ire- 
cipitate is contaminated by a basic sulphate. N. R. Uhar and K. U. Sen found that 
when aluminium hydroxide gel is peptized by alkali hydroxides, it is negatively 
charged owing to the adsorption of hydroxyl ions. The adsorptive power of alumina 
for sucrose, leucine, phosphates, and nucleic acids has been studied by H. von Euler 
and E. Eriksou. A. Charriou showed that if preei|iitated aluminium hydroxide 
containing adsorbed chromic acid b<‘ w'ashed with a 5 per cent. soln. of a salt of a 
monobasic, acid (chloride, bromide, ioilide, nitrate, or acetate), no ehromie acid is 
removed and no further substance adsorbed. With soln. of salts of a polybasic acid 
(carbonate, sulphate, sulphide, oxalate, tartrate, citrate, phosphate, or arsenate), 
interchange occurs between adsorbed chromic, acid and polybasic acid. Bul|ihuric 
acid adsorbed by aluminium hydroxide is not displaced by monobasic acids, but 
completely so by polybasic acids. Phosphoric acid adsorbed by aluminium 
hydroxide is not displaced by carbonate or chromate soln. Carbonic and chromic 
acids are mutually displaceable from adsorption in aluminium hydroxide, that 
acid being ilisplaced which is |iresent in smaller concentration. When arsenioifs 
sulphide IS precipitated by means of hydrogen sulphide in presence of a barium salt, 
the precipitate contains adsorbed barium. When the precipitate is washed with 
a sola, of sodium or potassium chloride, no displacement of barium occurs, whilst 
with soln. of aluminium, ferric and chromic chlorides, an interchange of barium and 
the tcrvalent metal takes place. A. Ivanitzkaja andL. Orlova studied the coagula¬ 
tion of alumina sola by electrolytes, M. A, Rakuzin found aluminium hydroxide 
adsorbs gum arabic from its aq. soln. irreversibly; while potassium metasilieate 
and sodium fluosilieate are adsorbed reversibly. H. von Euler and E. Erikson 
showed that sucrose and leucine are not adsorbed, while nucleic acid is adsorbed. 
They also studied the adsorption of phosphoric acid. According to H. Heidenhain, 
aluminium hydroxide, in the presence of a large excess of alkali tartrate, is neutral 
in the cold towards phenolphthalein, and, consequently, under these conditions acids 
can be titrated in the presence of acids. F. Myliiis and F. Forster state that alumina 
hydrogel reacts like an acid towards iodeosin. W. H. van de Sandc Bakhuyzen 
found that the solubility of the amphoteric oxide passes through a minimum when 
increasing quantities of acid and base are added. V. Kohlschiitter and co-workeit 
found that sol formation precedes the dissolution of aluminium hydroxide in cone, 
hydrochloric acid, but not in soda-lye; .with aluminium oxide, sol formation 
precedes dissolution in both acids and bases. A. Massink has studied this subject. 
R. Schwarz and H. Stock found aluminium hydroxide acts as a negative catalyst 
on the photochemical decomposition of silver bromide emulsions. 

R. Phillips noted that alumina hydrogel, freshly precipitated and washed in the 
cold, is readily soluble in acids, but if kept under water for some days, if becomes 
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sparingly soluble; and L. Pdan de St. GiDes, D. Tonimasi, J. M. van Bemmclen, 
and many others have noted this ageing of alumina hydrogel by keeping under 
water, or by boiling with water, whereby the product beeomes sparingly soluble 
in acids or alkaii-lyc. By )ueans of X-radiograins, .T. Bohiii and H. Niclas^n 
noted the pHiSsage from the amorphous to the crystalline state (luring the ageing, 
of the gel. Like aluminium oxide, the hydroxide is converted iuto a product 
soluble in water, by fusion with the hydroxides of the alkalies or alkaline earths; 
with alkali hydrosulphate or pyrosulphate; or, according to H. C. McNeil, in 
fused barium chloride. P. N. Kaikow said that alumina is not affected by carbon 
■dioxide, and F. Sratini found that 100 c.c. of water, sat. with this gas at ordinary 
press., dissolve O'OOl grm. of alumina. T. Curtius and J. Rissom noted that 
hydrated alumina is not soluble in aq. hydrazoic acid. According to a patent of 
Hermania, the, hydrolysis of soln. of basic aluminium salts is retarded if 01 per 
cent, of phosphoric acid or soluble phosphate be present. 

C. Renz prepared a form of hydrated alumina soluble in ammonia—wde tvpra. 
The reports as to the solubility of precipitated alumina in ammonia arc conflicting. 
C. Renz, and F. .1. Malagnti and .1. Durncher discussed the solubility of alumina in 
aq. ammonia. Alumina hydrogel is flocculated by salt soln., and dcflocculated or 
peptized when these salts are removed by wa.shing. H. B. Weiser and E. B. Middle- 
ton studied the cone, of different salts re(|uire(l to precipitate colloidal alumina— 
the order, beginning with the lowest, is ferrocyanide, thiosulphate, ferricyanide, 
citrate, sulphate, oxalate, phosphate, chromate, dithionate, dichroraate, chloride, 
nitrate, bromide, and iodide. The adsor|)tion of the salts by the precipitated colloid 
was also measured. N. Sohilow studied the adsorjition of soln. of electrolytes by 
alumina. Peptized alumina hydrogel will pass through filter-paper, and in some 
respects behave ns if it were, in soln. Hence, no doubt, some mul-infcrcnces have 
been made as to the solubility of alumina. P. Klein found colloidal alumina is 
not precipitated by a number of non-((ondueting organic liquids. If ammonium 
salts are present, as is usually the ease in analytical work, boiling the pre¬ 
cipitate with the ammoniacal mother liquid may decompose the ammonium salts, 
resulting in the escape of ammonia and the production of free acid which dissolves 
the alumina. If fluorides be present, F. P. Veitch, W. K. Bloor, L. J. Curtrnan, 
and F. W. Hinrichsen showed that some alumina may escape precipitation; and 
J. W. Mellor showed that this is also the case if 8ul]ihate8 be present. The solubility 
of aluminium hydroxide in soln. of aluminium sulphate has been measured by 
R. Kremann and K. HUttinger. 

B. H. Archibald and Y. Habasian found that at 20°, the ammonia solubility of 
aluminium hydroxide, expressed in grams of aluminium hydroxide, Al(OH) 3 , per 
100 c.c., increases as the cone, of the ammonium hydroxide increa.ses, until a cone, 
of about 0 ' 5 A-NH 40 H is attained when the solubility decreases as the cone, of 
the ammonia increases; thus, 

N-NH.OH* . . 0-050 O-KM) 0 125 0-200 0-600 I-OOO 

Solubility Al(OH)j . 0-007 0-008 0-025 0-038 0-045 0-024 

In the presence of ammonium nitrate, the solubility decreases, and in the presence 
of potassium nitrate the solubility increases. Thus, with N-.4oln. of ammonia at 20° 
containing the salts just indicated in amounts represented as per cent, by weight: 

NHjNO, KNO, 

Salt . . . '~~i io 20 3F 'I 

Solubility AI(HO),. 0-0187 0-0082 0-0045 0-0036 0-0760 0-1310 

L. de Boisbaudran found that if ammonium salts be present hydrated alumina 
is dissolved by aq. ammonia; J. Hanamann found a litre of 4 per cent. aq. ammonia 
dissolves 0'063 grm. of AljOs, and the solubility is raised if ammonium chloride 
be present. In view of the observations of E. H. Archibald and Y. Habasian, 
these statements are open for revision. A boiling soln. of ammonium carbonate 
does not* dissolve hy^ted alumina, but, accoiAg to J. Weeten, if beryllium 
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hydroxide be present, some alumina is dissolved. H. W. Fischer showed tliat 
alumina is soluble in an aq. soln. of ahiminium chloride. A. Mtiller-Jacohs said 
that hydrated alumina is soluble in the alkylaniines, and C. Kenz said that methyl- 
amine, ethylamine, diinethylainine, and diethylaniine readily dissolve hydrated 
alumina, and that the alumina is not precipitated froni its soln. in inethylauiine 
by ammonia, ammonium chloride, or by acids. 

In addition to the previously de 8 eril)ed mono-, di-, and tri-liydratodaluininas ni.sjxjctivcly 
represented by diaapore, idealized bauxite, and gibbsite or hydrargillito, K. Maumen'^ 
said that alumina forms hexahydrates, and A. VilUers claimed to have made hexahydraUnl 
aliimina, AI 2 O 8 . 6 HJO, t.c. sesquihydrated aluininium hydroxide, 2 Al(OH) 3 . 3 Jlp), by keeping 
ahmdna hydrogel suspended in well-cooled water. V. Zunino said that pcnlahydrated 
alumina, AljOj.SHjO, i.e. monokydraled aluminium hydroxide, AltOHlj.HjO, is formed l)y 
the action of moist air on aluminium amalgam. A. Mitscherlich claimed to liavo made 
liemihydrated alumina, 2 Alj 03 .H 20 , i.e. aluminium dioxyhydrorule, AljOJOH), There 
are also E. Sehlumberger’s products, SAljOj.SHjO, and 5 X 1203 . 71130 , indicated al>ov*'. 
The individuality of none of these hydrates has been estalishod. 

Ordinary alumina hydrogel is considered by W. B. Hardy to ho an irreversible 
colloid; but K. P. Rose prepared a reversible gel by adding hydrochloric acid to 
a soln. of aluminium hydroxide in dil. acetic acid. l)il. soln. in propionic, butyric, 
hydrobromic, hydriodic, or nitric acid also gave an alumina hydrosol, wliich is 
reversibly coagulated by adding aluminium salts, or hydrochloric and oth(‘r acids; 
but irreversible coagulation occurs when potassium or sodium sulpliate is added. 
A. Mtiller also prepared the reversible colloid. 

A. Tian inferred that when a hydrolytic equilibrium is established slowly, 
one of the products tends to assume the colloidal state. The hydroly.sis will be 
retarded by two reactions, (i) the ionic reverse of the hydrolysis ta.king place in the 
aq. phase; and (ii) the reaction between the soluble product of the hydrolysis ami 
the gel. The second reaction will be slower as the colloidal particles grow larger 
because less surface per unit mass is available. The total rate of hydrolysi.H will 
thus depend on the rate of growth of the colloidal particles. A. Massink has dis¬ 
cussed the solubility of aluminium hydroxide. 

J. L. Gay Lussac, in 1810, showed that an aq. soln. of aluminium acetate under¬ 
goes reversible hydrolysis when the temp, is raisi'd. lie said: 

Tlie precipitation of alumina on boiling and thu reditiBoIving at a lower temp, are f>u-la 
which ui'e of iiitei-oat to the .general theory of chemistry and wlilch are rather exceptional. 
If the precipitation were due to volatilization of the acetic atnd, the alumina would not 
rediflsolve when the temp, is lowered. As a matter of fact, similar changea can boobHerv<Mt 
in a strongly aci«l soln. or in hermetically soalorl Dasks, Since the prtx-ipilation does not 
depend on the volatilization of the acid, it is evident that it> is duo to the liout which wrenches 
apart the mols. of acid and alumina, carrying eacli out of the sphere of action of the other, 
and causing their separation. With less heat, the same mols. come within on(‘h other's 
sphere of activity and combine. 

In 1853, W. Crum worked with a more dilute and more basic soln. than J. L. Gay 
Lussac, and found that a white crystalline precipitate of a basic aluminium acetate, 
(CHsCOOlgAl.OH, is obtained by boiling a cone. soln. of aluminium acetate, 
(CHsCOOlsAl; and a more protracted boiling completes the hydrolysis. W. Crum 
said: 

By the continued action of heat on a woak soln. of binaootate of alumina, 
AL 0 |.(CU 3 C 03 ) 4 ( 0 H) 2 , a permanent separation of the constituents of the salt takes place, 
although no acid escapes and no alumina u precipitated. Tlie properties of the alumina 
are, at the same time, materially changed. A soln. of binaeetate of alunnna, diluted so as 
to oontain not more than one part of alumina in two hundred of water, was placed in a 
closed vessel which was inuners^ to the neck in boiling water, and kept in that state day 
and night for ten days. It had then nearly lost the astringent teste of alum, and acquired 
the taste of aoetio acid. Being afterwards boiled in an open capsule, acetic acid was freely 
given off, and when the boiling had continued about five hours (the loss of water being 
continually restored), the liquid was found to have retained not more than one-eleventh 
of its original quantity of acetic acid, or about one eq. to five and a lialf of alumina. 

The colonrlese, Uatelese, and neuttal aol—alumina hydiosal—o( afuminium 
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hydroxidfi so obtained was called mta-alumim. A colloidal soln., it will be 
• remembered, is one containitiK a finely divided phase which is prevented from 
flw^eulatiny, so that (here is no particular need for the term rneta-alimiina. Accord¬ 
ing to W. 1). llancroft, water will hydr(dy 2 (‘ any salt until the product of the concen¬ 
trations of the hydrogen and hydroxyl ions reaclu'S a value of about 10“>*. If either 
base or acid is very sparingly sidiible, the hydrolysis will run farther than if both 
are, strong electrolytes. Equilibrium will be reached much more rapidly if the 
soln. is heated. Whether the insoluble ba.He precii)itates or remains in colloidal 
soln. will depend on the. conditions of the experiment. That hydrolysis has taken 
place can be shown in a number of different ways. J. L. Gay Lussac deduced it 
from seeing the precipitated alumina; and W. Crum, from the change in the taste 
of the soln. J. Splichal showed that if a trace of sulphuric acid is present as 
impurity, the hydrosol will be quickly coagulated. S. Murachi and T. Okazaki 
made the hydrosol by diluting a sat. soln. of aluminium acetate in dil. acetic acid, 
adding hydrogen dioxide (sodium dioxide, or ])otassium persulphate) and dialyzing 
the liquid for about 10 hrs. at .fiO" 8'f. 

W. B. Bentley and R. P. Rose consider the sol obtained by digesting freshly 
Iirecipitatcd aluminium hydroxide in hot, 8 per cent, acetic aci<l, to be a sol of basic 
aluminium acetate. Crum’s sol is opalescent, and it can be kept for years without 
change. Tin! cone, sol is viscous. J. Splichal found that W. Crum’s process does 
not give good results unh'ss the acetate be free from sulphate. E. Schlumberger 
made colloidal soln. of alumina; and W. Biltz found that the colloidal particles 
are. positively charged because, if, say, 100 vedts be passed through the cone, sol 
contained in a U-tube, in halt an hour the liquid near the negativi’ electrode 
becomes turbid -anodic eataphoresis and that near the positive electrode becomes 
clear. Similar remarks apply to colloidal aluminium hydroxide prepared by 
T. Graham’s proeess, namely, by the dialysis of a soln. of aluminium hydroxide in 
one of aluminium chloride or acetate. T. Graham’s sol acted as a mordant, whereas 
W. Crum’s did not. W. Biltz and W. Geibel made an optical study of the colloidal 
soln.; and .1. U. Ifddebrand found that the sol produced by Graham’s dialytic process 
shows submicrous vmy plainly in the ultramieroscojie. S. Kawamura measured the 
viscosities of the hydrosol. J. H. Gladstone and W. Hibbert determined tlii! f.p. 
or the sol, and iditained a result indicating a mol. wt. varying from RlD K to 1073 
on the assumption that the method employed for dil. soln. is valid for colloidal soln. 
The cone. soln. of colloidal alumina is not coagulated by acetic, formic, boric, 
arsenious, or cyanuric acid, but it is coagulated by hydrochloric, nitric, sulphuric, 
citric, chromic, or molybdic acid, and by many organic acids. Alkalies have a 
strong coagulating power ; nitrates and chlorides are not very active ; while .sodium, 
magnesium, or calcium sulphate coagulates the colloid very quickly. It is therefore 
probable, added T. Graham, that the extraordinary coagulating action of salts upon 
hydrated alumina must prevent the latter substance from ever appearing in a soluble 
state when Ijjjerated from combination by means of a base. S. Wosnessensky found 
colloidal alumina is not coagulated by single electrolytes excepting lime-water or 
baryta-water; but marked coagulation occurred with bi- or ter-valent metal salts 
and alkali hydroxides. 8. Utzino found that the maximum stability of colloidal 
soln. of aluminium hydroxide in the presence of glucose does not occur with the 
finest state of subdivision. 

J, B. Cammerer® found that aluminium hydroxide is soluble in a 2 per cent, 
soln. of hydrogen dioxide. When the product is cone, by evaporation, it furnishes 
a syrupy liquid which yields a crystalline mass, sparingly soluble in cold water. 
The soln. had an acid reaction, but it is not clear whether the original soln. of 
hydrogen peroxide was free from acid. P. R. Jourdain showed that hydrogen dioxide 
is contained in the product obtained by the oxidation of aluminium amalgam in air. 
A. Terni found that when an excess of 30 per cent, hydrogen doxide is added to a 
soln. of aluminium hydroxide in 50 per cent, potassium hydroxide, there is obtained 
an amorphous white precipitate having the composition AIJO 3 .AIJO 4 .IOH 2 O, which 
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reacts as if it were a true aluminium peroxide. It is aasumeil that ALO, is the 
initial product of the oxidation of aluminium hydroxide Iiy hydrogen dioxide, and 
that this product is gradually hydrolyzed to furnish the oxide AL 03 .Alo 04 .U)lUt>. 
J. A. Wilkinson prepared aluminium peroxide hy adding sodium dioxide to a sola, 
of an aluminium salt until the' preei]iitate first formed just di.ssolved, and then 
adding hydrogen peroxide. The precijiitated aluminium peroxide, dried at 110", 
gave no signs of phosphorescence when exposed to the cathode ray.s. 
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§ 12. The Aluminates 

The solubility of alumisium hydroxide in acids results in the formation of salts 
whose characters show that aluminium hydroxide is a weak base; on the other 
handf the solubility uf the hydroxide in a soin. of alkali hydroxidis, and the formation 
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of (he so-called alkali alaminatc can be attributed to the feeble acidic properties 
of aluminium hydroxide. Otherwise stated, aluminium hydroxide is amphoteric; 
and, in aq. soln., it is assumed to be ionized in two ways, namely: 

■^‘(oh)>(5h- +h^So,'^h-+h,o+aio,' 

J. K. Wood ^ was unable to determine the basic constant because, although a soln. 
with 0*0375 mol of aluminium chloride is hydrolyzed to the extent of i ])cr cent 
at 25°, there is no means of establishing the assumed mode of liydrolysis, 
AlCl3-l-H20~HCl-f-Al(0H)Cl2. He showed that a -yA^-soln. of sodium nieta- 
luminate is hydrolyzed to the extent of 35 per cent, at 25° ; if so, tlie hydrolysis 
constant is 1*2x10“^^ and the acidic ionization constant is 6*3x 10”^^. G. Carrara 
and G. B. Vespignani found aluminium hydroxide to be more energetic as a base 
than as an acid; they also measured the conductivity and speed of liydrolysis of 
methyl acetate by some metal hydroxides and found that the order of decrcasiiig 
activity is Mg, Cu, Zn, Cd, Al, Fe, so that, contrary to E. A. Schneider, they believe 
that ferric hydroxide is not a more energetic base than aluminium hydroxide, 
Working with crystalline aluminium hydroxide, 11. E. Slade also found that 
aluminic acid is stronger as a base than as an acid, and its ionization constant, K, 
is at least 10~^o, the same order as that of boric acid; and working witli colloidal alu- 
loinium hydroxide, W. Blum obtained for the acid constant A'—10 "8-3. According 
to J. Heyrovsky, the process by which aluminium hydroxide dissolves in alkalies is 
not the same as if it could scud into soln. one, two, or three of its hydrogen atoms 
as ions, and thus react like, say, phosphoric acid. It does not neutralize bases 
like an acid by moans of hydrogen ions, but rather does it remove hydroxyl ions and 
form complex anions, Al(OH) 3 -f OH'—A^OH)/, like compounds do when redissolv¬ 
ing in an excess of reagents, e.ff. AgOy^', Hgli'", etc. It neutralizes not by its acidity 
but by its affinity for hydroxyl ions. The hydrolysis of almniimtes is then not 
affected by the scarcity of hydrogen ions from aluminic acid, but by the incom¬ 
pleteness of the complex ion formation. 

A. Hantzsch found that the mol. conductivity of .sodium aluminate soln. con¬ 
tinually increases with time, and this is taken to show that a fairly rapid hydrolysis 
ocvcurs with time although no precipitation occurred in DO hrs. The first product 
of the hydrolysis is alumina hydrosol, which then changes into the gel form, and 
then changes to crystalline aluminium hydroxide. G. Carrara and G. B. ViJspiguaiii 
said that the degree of hydrolysis of potassium aluminate is fourteen times that 
of aluminium sulphate in aq. soln. 

A number of salts has been isolated from soln. of uluminiuiu or aluminium 
hydroxide in alkali-lye, and some appear to be well-defined chemical individuals 
—salts of metaluminic acid, HAIO.^- There has been some discussion as to 
whether the alleged alkali metalumiiiate in soln. is a myth. E. G. Mabin and 
co-workers, for example, hold that the colloidal properties of aluminium hydroxide 
play such an importaut part in conditioning its solubility in buses, that there is 
room for doubt as to whether the alleged aluminates, as definite salts, exist at all. 

E. Q. Maiiin's orgunienU rest on (i) the fact that the reaction iK^tween ammonium nitrate 
and sodium aluminate precipitates a slightly greater quantity of aluminium hydroxide 
than is represented by the assumption that an aluminate, NaAlOj, is involved in the re¬ 
action : NaAIOw+NH 4 NOj=NH 4 A 10 j-|-NaNO|, followed by tho instantaneous hydrolysis 
of the ammonium aluminate: NH 4 A] 0 ,-f- 2 H« 0 =sKH 40 H-{'Ai( 0 H) 4 , where the ratio 
[NH 4 NO«l/[AlgO,] is 2 : 1. It is therefore assumed that the precipitation is due to a coagula¬ 
tion of afumina hydrosol. As W. Blum showed, thoro are somo disturbing factors involved 
—e ff. spontaneous decomposition—which invididate the conclusion, (ii) In tho electrolysis 
of aq. soln. of the all^^ muminate tlie ratio between the oxygen evolved and the aluminium 
hydroxide precipitate sliould be constantly 1:2. E. Q. Mahiii, in some coses, obtained 
rather more aluminium hydroxide than is required on Uie assumption that it is wholly a 
product of electrolysis but the disturbances due to re-aoln. of some of the precipitate by 
*the anode liquor, and the possible spontaneous dcNSoroposiiion of the aluminate sofn. render 
the argument inconclusive. 
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A B Prescott, and A. Cavazzi maintained that since a mol of sodium hydroxide 
is needed for the dissolution of a mol of aluminium hydroxide no matter whrthet 
the soln. be dil. or rone., the soln, must contain the metaluminate. W. Herz 
found that while freshly precipitated aluminium hydroxide behaves in this way, 
if the hydroxide he dried, an ortho-aluniinate of the composition NajAlOa is foriiied, 
hut R E Slade found that the ratio of Na: A1 in the solubihty determinations 
ranees’ from 2 : 1 to 10 : 1 according to the conditions of precipitation, and the 
mode and duration of the drying of the hydroxide. The solubility ratio, therefore, 
is not a good criterion for deducing a formula for the salt in soln., and there is no 
evidence for a.Hsuming that the soln. contains AlOs'^^-ions; colloidal alumina is 
always present as an unstable jihase under these conditions. F. M. Lyte argued 
that in dil. soln. the aluminate is NaAlOa, because six mols react with a mol of 
aluminium sulphate prccijiitatiiig 8 mols of aluminium hydroxide, Al 2 (S 04)3 
+ 6 NaAI 03 + 12 H/).. dNaaSOi+SAlfOHlj; in cone, soln., he said, it is probable 
that some other aluminate is present. .1. K. Wood’s solubility determinations of 
aluminium and of aluminium hydroxide in soln. of sodium hydroxide after allowing 
for a slight excess of alkali over the amount required to form aluminate owing to 
the partial hydrolysis of the salt, agree with the assumption that sodium meta¬ 
luminate is formed, but not the ortho-salt. Observations on this subject W('re 
also made by H. St. C. Deville, A. Ditte, F. Russ, A. Glassner, etc. According to 
(1. Carrara and G. B. Vespignani, the aq. soln. contains only the meta-aluminate, 
even if a large excess of potassium hydroxide is present. A. A. Noyes and 
W. R. Whitney determined the lowering of the f.p. by soln. of the sodium meta- 
aluminate, and assuming that both sodmm hydroxide and ao<linni ahiminate are 
completely ionized, the soln. of alumina in sodium hydroxide would give the same 
f.p. as sodium hydroxide alone if the aluminate be NaAlOo, but a different f.p. if 
it be (NaAIOajti, because two ions would be ])rodueed by a mol. of either NaOH 
or Na.AlOa; three ions, by Na 2 AU 04 ; four ions, by Na;)Al 30 (j; etc. Observation 
showed that the. f.p. of a 0-2271V-soln. of potassium hydroxide was not altered by 
the. dissolution of j, ij, or one gram-atom of aluniininm ; a 0'46r)JV-aoln. was not 
changed by J, J, or j-gram-atom of aluminium; and ()'2331V-soln. of sodium or 
potassium hydroxide was not changed by J and 3 mol of aluminium hydroxide or 
) and § gram-atom of aluminium. Assuming that the hydrolysis of the soln. is 
insignificant, the work of A. A. Noyes and W. K. Whitney shows that the formula 
of the alkali aluminate in soln. is MAlOj. If hydrolysis is appreciable, then, as 
E. 0. Mahin and co-workers have shown, the eonelusion is invalid because each 
mol. of NaAlOa would furnish three ions: NaA 102 t-H 2 ()^Na l Oil'd HAlOj, 
which would modify the f p. aecordingly. R. E. Slade’s observations on the f.p. 
of the soln. also led him to conclude that the soln. of alkali alumimrte contain mol. 
of NaAlOo. E. G. Mahin and eo-workers inferred that because the heat of soln. 
of aluminuira hydroxide in lOOO times its eq. of sodium hydroxide, is very small, 
being roughly only 0864 Cal. per mol., the thermo-chemical datum lends no 
support to the assumplion that a compound is formed during the process. But, as 
W. Blum pointed out, if the heat of soln. of aluiniiiium hydroxide is negative, as 
is the case with boric acid, this argument is of no niomeut. R. E. Slade’s obser¬ 
vations were confirmed by J. Heyrovsky for sodium and ammonium hydroxides. 

Conductivity determinations of soln. of alkali aluminate, by It. E. Slade and 
W. G. Polack, W. Blum, J. H. Hildebrand, A. Hautzsch, and U. Carrara and 
0. B. Vespignani, show that the salt of a monobasic acid is present undergoing 
hydrolysis; no change in conductivity occurs without the simultaneous deposition 
of aluminium hydroxide. J. H. Hildebrand, and W. Blum have measured the 
variation in the eonc. of the H'-iou as alkali-lye is progressively added to soln. of 
aluminium chloride while aluminium hydroxide is being precipitated, and then 
dissolved in the excess of alkali-lye. The results arc indicated in Fig. 52. The 
neutralUation curve with hydrochloric acid and sodium hydroxide is given for refer¬ 
ence. Here, the point of inflexion represents the neutralization of the sdn. With 
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aluminium chloride and potuseium and sodium hydroxides, say the latter, A repre¬ 
sents the commencement of the precipitation ; £, the completion of the [ireeijiita- 
tion; and C, the completion of the soln, of the precipitate. From A to B, therefore, 
AlCl 3 -f 3 NaOH=Al(OH)s-|- 3 NaCl; and from B to C, Al(OH) 3 H-NaOH- 2 HoO 
-pNaAlOj. Consequently, since hc=jn4, the 

results are in agreement with the assumption *’ “1 T l'TJ 11 

that the metaluminates NaAlOo and KAIO^ ! ] - • / i x/Y I 

exist in aq. soln., and are in opposition to o'" | I A i ] 

the hypothesis that any marked proportion >: ! I 14 

of aluminium hydroxide is present. The ? I j )§ yT. I 

curve also shows that the precipitation ol ^ j K /§! 

aluminium hydroxide begins when the H'-ion ^ -s j ife ^ 

cone.is about 10~3, and ends when that cone, g’’" i J | ' 

is 10“t. 3 ^ !' 5 ' 

N. G. Chatterji and N. K. Dhar showed i' ^ 

that the conductivity of a soln. of sodium J /A/ . . ! 4 ijl; 

hydroxide is not appreciably changed by J/% j | ' j 1/ j 

the addition of aluminium iiydroxide, anil ^ 1 i I 

hence they conclude that such soln. are cases —l—lj I ^ 1 |; ; 

of true pcjitization, and not of chemical ^ o ' '/o ' 20 jc 1 ' ' sc 

combination. J. H. Hildebrand failed to \jc 

detect colloidal particles in aluminate soln. 

by means of the ultraraicroscoiie, but if the P"'.' .y"''.".'i'."' in ll>e IVmoenlm- 

-111 1 II I 1 J • tioii of tilt' H -lou uuniiK tht* 

soln. 18 hydrolyzc<l soino colloulal alumina cijiiuiUon of Aluminium H ydroxiiU*, 

should bo present. Hence, as H. H Slade and and the DisHnUuion of the Piwipi- 

W. G. Polack liave said, the ultrainicroscope in ^Vlkali-lye (2r)®). 

ailords no conclusive evidence either way. 

E. T. Allen and H. F. Rogers ))ro])ared a iiiicrucrystalline ]H)wder of jamta- 
hydrated iithium hydrometaluminate, LiH(AlO:i)o.r)lli; 6 , by dissnlving aluminium 
in an aq. soln. of lithium hydroxide free from carbonate. Tin* jirofluct was washed 
once in cold water, then with alcohol, witli ether, and then dried over calcium 
chloride. It is more stable towards water than sodium or potaa.siiim alumiimteJi, 
being decomposed only after continued boiling. It is sparingly solubli' in cold water. 
No lithium aluminate other than this salt could be prepared in soln. When kejit 
two weeks in vacuo over sulphuric acid at a summers temp., the triliydrate, 
LiH(iV 102 ) 2 . 3 H 20 , was formed. Z. Weyberg obtained birefringent (possibly 
rhombic), rounded granule.^ of lithium metkluminate, LiAlOji, by fusing for several 
hours a mixture of silica, alumina, and lithium carbonate, in the jirojmrtions 
2 Si 02 : Al^Oa: LioO, with an excess of sodium sul]jhate. F. M. Jiigcr ami A. Simek 
inailc the metaluminate by fusing a mixture of alumina ami litluurn carbonate at 
900*’, and then at 1200’. They did not succeed in midting the carbonate at temp, 
up to 1625'"; but H. Ballo and K. Dittler said that lithium metaluminate melts 
between 1900' ami 2000”, and is homogeneous on cooling. The compound can 
retain about 12'5 molar pi‘r cent, of alumina in solid soln , but beyond that pro¬ 
portion corundum crystallizes out. F. M. Jager and A. 8 imek found tliat it forma 
microscopic, hexagonal or octagonal, crystals with a pronounced double refraction; 
the indices of refraction are 1604 and l'6i5 for the />-line; and the sp. gr. is 
2’554 at 25-r. 

J. J. Berzelius was unable to fuse a mixture of alumina ami sodium carbonate 


on charcoal before the blowpipe flame, although he said that combination occurs. 
F. G. Schaflgotach found that a mol of alumina fused with an excess, or, according 
to E. Mallard, with an ecj. amount of sodium carbonate, rapidly expels rather more 
than a mol of carbon dioxide. R. (W'allace showed that althoiigli the gas is driven 
oft at 1100“^ to 12(KF. melting does not occur under 1800”. The product on cooling 
is crj'stalline, and usually of a bright red colour owing to the presence of a^trace of 
iron abstracted from the crucible. With increasing proportions, of alumina, the m.p. 
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is raised so that a mixture with 81'1 per cent, of alumina is only partially fused at 
1950 °. H. GrUneberg and J. Vorster heated a mixture of so^um chloride and 
alumina in a current of steam. The fused product furnishes a white enamel with 
a oonchoidal fracture. It melts readily; dissolves easily and completely in cold 
water ; and weathers on exposure to air, forming a surface efflorescence of sodium 
carbonate. There is, hero, nothing' to show that a chemical individual is produced. 
W. (I. Mixtcr gives for the heat of formation from amorphous alumina, 
NajO f Al205~2NaA102-t“40 (X) Cals., and from crystalline alumina, 30 00 Cals. 
C. Tissicr reported aluminates, 3Na20.Al203, i.e. Na3A103, sodium orthoaluminatc; 
3Na20.2Al203; and Na20.Al20s to be formed in the dry way; but, with no other, 
test for the individuality of a compound than fusing molar proportions of the 
constituents, an indefinitely large number of such compounds could be obtained. 
J. A. Wilkinson said that sodium aluminatc fluoresces and phosphoresces under the 
cathode rays in the same way as does aluminium oxide made by burning the metal 
in air. The residue is coloured deep blue, presumably by the soln. of sodium in the 
aluminatc. The preparation of aq. soln. of sodium aluminate from bauxite, etc., and 
the general properties of the soln. have been previously described. A. Cavazzi, and 
J. G. Bogussky and J. Zaljesky obtained a viscid mass by evaporating the aq. soln. 
of sodium aluminate, but E. T. Allen and H. F. Rogers said that by repeatedly 
digesting with alcohol the cone. soln. containing equimolar proportions of AI2O3 
and Na.20, a hard niass, possibly, diliydratcd sodium aluminate, NaA102.2H20, is 
formed. P. Ooudriau studied the system Na.20—AI2O3—H2O at 30 °, and found two 

stable salts, hexadecahydrated sodium 
trialuminate, 4Na20.3Al203.16H20, in 
diamond-shaped crystals; and deca- 
hydrated sodium monoaluminate, 

4Na.20.Al203.10H20, in necdle-hke 
crystals. Both salts arc very hygro¬ 
scopic, and form incougruent sat. soln. 
The conditions of equilibrium are illus¬ 
trated by Pig. 53 . A is a triple point 
representing the, coexisting phases 
AlaOa.SflaO; 4Na20.3Al203.16H20; and 
soln.; U, the phases 4Na20.3Al203.16H20; 
4Na20.Al203.10H20; and soln.; and 
//, the phases 4Na20.Al203.10H20; 
NaOH.H20; and soln. The line BA 
Fio. 63 . Kquilibrium with tlio Teriiiuy represents a soln. in equilibrium with 
HyBlem, NbjO - A 1 ,Oj- HjO, at 30 *.' the solid phase A1203.31I20 ; the line AG, 

withthesolidpha 8 e 4 Na 20 . 3 Al 203 . 16 H 20 ; 
GU, with the solid phase 4Na20.Al203.10H20; and HI, with the solid phase 
N8OH.H2O. The dotted curves Co, Cb, and Cc represent metastable states. 
B. Fricke, and £. Grobet have made observations on this subject. C. Matignon 
found the aluminate, NaAlOo, melted at 1660 °, and is formed from a mixture 
of alumina and sodium carhonato at H 00 °- 1200 °. Aluminates of the type 
(n-)-l)Na20.Al203 dissociate below 1660 ° with the loss of sodium oxide until 
Na30.Al208 is obtained. 

A grey mass, soluble in water and acids, is obtained by fusing alumina 
with potassium hydroxide or carbonate; and soln. of potassium aluminate were 
prepared by A. B. Prescott, and Cavazzi as previously described, by the action 
of a soln. of potassium hydroxide on aluminium or alumina. 0 . Unvetdorben 
evaporated a boiling soln. to a small bulk, extracted the excess of uncombined 
potassium hydroxide with alcohol, and obtained a residue with equimolar propor¬ 
tions of K2O and A^Os. E. Fr 4 my precipitated a soln. of potassium aluminate 
with ammonium carbonate, and concentrated, in vacuo, the aq. soln. obtained by 
leaching a fused ^jxture of alumina and potassium hydroxide, and obtained a 
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crystalline mass, which, after purification byre-crystallization from water, contained 
KAlOg.HgO. According to E. T. Allen and H. F. Rogers, hard, nodular crystals 
of sesquihydrated potassium alummate, KAlO^.lJHsO, separate when the soln. 
obtained by dissolving aluminium in 10 per cent. aq. soln. of potassium hydroxide, 
is evaporated in vacuo over sulphuric acid. If the alkali be not in excess, the 
aluminate is hydrolyzed and crystalline aluminium hydroxide is dej>osited, whilst 
the metal continues to dissolve indefinitely iii.stoad of in the proportion corresjionding 
with A. Cavazzi’s equation; 2 A 1 {- 2 KOH-f 211^0 -SKAlOo+SH.,. The salt is 
insoluble in alcohol; soluble in water with partial hydrolysis; it is hygroscopic, 
and is decomposed by carbon dioxide. The aq. soln. was found by E. Eremy to have 
an alkaline reaction, and a caustic taste; he also said that when the salt lias been 
* dehydrated by heating, it is no longer completely soluble in w'ater. F. Braun 
measured the compressibility of the soln. Many properties of the aq. s(»ln. have 
already been indicated. P. A. von Bonsdorff noted that the aq. soln. is (h'composod 
and aluminium hydroxide precipitated by carbon dioxide. L. B. («. de Morvenu, 
C. F. Bucholz, and J. W. Dobereiner showed that acids and ammonium .salts precipi¬ 
tate aluminium hydroxide, while aq. soln. of tlic alkaline earths precipitate tin* 
corresponding aluminate.s, quantitatively, according to F. Kuhlmnnn, in the 
case of lime-water. F. W. Bergstrom made potassium amminoaluminste. 
A1{NHK){NH2)2, by the action of a soln. of potassium amide in liquid ammonia 
on amalgamated aluminium. 

W. Blum found that an aq. soln. of aramoniuni hydroxide dissolves a small 
but appreciable amount of alumina, even when the soln. is just nlkuline to phenol- 
phthalein with a H‘-ion cone, of 10 ”®; and, as previously indicated, E. 11 . Archibald 
and Y. Habasian measured the solubility of aluminium hydroxide in that men¬ 
struum. By analogy with the alkali aluminates, it is here assumed that the soln. 
contains partially hydrolyzed ammonium aluminate, NH4AIO2. W. Blum’s deter¬ 
mination of the Il'-ion cone, during the precipitation of aluminium hydroxide by 
adding ammonium hydroxide does not give any definite ovhlence of tlie formation 
of ammonium aluminate, because of the low alkalinity of tlic aq. soln. The 
maximum cone, of the ammonium aluminate in soln. is obviously dejiendent on tlio 
alkalinity of the resulting soln., and its ability to repn'ss the liydrolysis of the 
aluminate. C. lienz dismissed the possibility of the existence of ammonium 
aluminate even though by an indirect method— dissolution of aluminium hydroxide 
in baryta water, and the subsequent addition of ammonium sulpliate—ho was 
able to obtain a clear soln., free from barium salt and sulphates, which contained 
0'2 grm, alumina per 100 c.c. The fact tliat freshly precipitated aluminium 
hydroxide is readily soluble in organic amines is in agreement with the hypothesis 
that ammonium aluminate is formed in soln. J. Brezina reported the formation 
of tetrainethylammonium aluminate. 

J. J. Berzelius prepared what has been called cupric alumlnalCt of unknown composition, 
by treating the doublo fluoride of aluminium and copper with ammonia. An excess of 
ammonia does not extract the cupric oxide. According to J. A. Hedvall and J. Heuberger, 
W'hen cupric oxide and aluminium oxide are heated together, a reaction starts at about 
700* and proceeds quickly between 750* and 850®. The product, which forms a^chocolato- 
coloured powder, has, when freed from unchanged oxides, the composition CuO.Al^j, 
and is therefore of the spinel type. It is very resistant to solvents in general. When 
fused with potassium chloride, it undergoes partial decomposition, and the undocomposed 
portion crystallizes, on cooling, in well-formed cubes and octidiedra. A. C. Bocquorel 
separated aq. soln. of cupric nitrate and alkali aluminate by a collodion film, and obtained 
blue crystals admixed with cupric hydroxide on the membrane. A purple of Ci^ius in whi<‘h 
the stannic oxide is replaced by alumina has boon made —cxde purple of Cassius (3. 2.1, 11). 

The early workers, F. C. Acbard, A. L. Lavoisier, and J. P. J. d’Arcet ,2 tried 
heating mixtures of lime and alumina, and with the furnace temp, then available, 
they were able to fuse mixtures of alumina with 25 to 60 per cent, of lime, but not 
mixtures with a higher proportion of lime. N. G. Sefstrom found mixtures 
aCaO-f-AlgOj, and CaO+AlaOj, could be fused to vitreous, masses. Several 
VOL. V. • U 
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unmethodical observations have been made on the relations between lime and 
alumina. J. J. Ebelmen obtained corundum free from lime by fusing alumina with 
calcium chloride and boric oxide; similar results were obtained by using baryta 
in place of the calcium compound. H. St. C. Devillc, €. Tissier, W. Heldt and 
E. Landrin examined the products obtained by heating various mixtures 
of lime and alumina—the two last-named from the point of view of cemente. 
K. Solvay found that a heated mixture of calcium chloride and alumina react in 
dry air with the evolution of chlorine, and in moist air with the evolution of hydrogen 
chloride. Similar results were obtained by M. A. Gaudin with mixtures of barium 
chloride and alumina, and he made barium aluminate by the action of steam on a 
red-hot mixture of barytes, carbon, and alumina. G. Arth made barium aluminate, 
to bo used as a de-encrusting agent, by heating barytes with bauxite and extracting • 
the ma.s 3 with water. The soln. deposits barium hydroxide until its sp. gr. is 1-029, 
when barium aluminate ap|)ear 8 . E. S. Shepherd, G. A. Rankin, and F. E. Wright 
explored the binary system CaO -AUO;,, and they found evidence of the existence 
of compounds with the molar ratio C!aO : AI. 2 O 3 =3 : 1, 1 : 1, 5 ; 3, and 3 : 5 . The 

results are indicated in Fig. 54 ; they have 
been extended to ternary systems with silica, 
and applied to the chemical changes which 
occur during the manufacture and use of 
Portland cement. E. D. Campbell studied 
the formation of mixed crystals of calcium 
ferrite and aluminate. P. H. Bates investi¬ 
gated the cementing qualities of the four 
calcium aluminates made by heating alumina 
and lime in the necessary proportions. The 
so-called xalin-while is a mixture of calcium 
aluminate with calcium sulphate. Its pre¬ 
paration is described by A. tWienzl, etc. 
ilochette Frhrcs prepared calcium aluminate 
almost free from other oxides by heating 
bauxite, or other aluminium ore, with lime 
and carbon or silicon, aluminium or calcium 
carbide in an electric furnace, when-by all the foreign oxides arc reduced to the 
metallic state. 

(!. W. Scbeele found that liydrated alumina removes the whole of the lime from 
lime-water, forming an in.solublc product. F. Kuhlmann added lime-water to an 
aq. soln. of potassium aluminate, and precipitated calcium aluminate, potassium 
hydroxide remained m the mother-liquor; likewise, 0. Unverdorben precipitated 
calcium aluminate by adding a soln, of potassium aluminate to one of calcium 
chloride; and E, I'elouae, by adding calcium chloride to a soln, of alum and 
potassium hydroxide. E. N. Vauquelin prepared strontium and barium aluminates 
by the action of boiling strontia-watcr or baryta-water on aluminium hydroxide ; 
and 0. Unverdorben obtained barium aluminate as a gelatinous precipitate by adding 
a soln. of barium chloride to one of potassium aluminate ; but E. Beckmann said 
that a soln. of baryta-water and aluminium chloride reacts : 2 AlC!l 3 -|- 3 BaO-f Aq. 
--AloOs-f-dBaCls-i-Aq. J. Heyrovsky prepared dil. soln. of aluminates of calcium, 
strontium, and barium, and measured their f.p. P. Miguet patented a process for 
making the aluminates of the alkaline earths from clays. H. Ic Chatelier found 
that when soln. of alkali aluminate and lime-water are mixed, crystallization begins 
very quickly and continues for hours; the product is a mass of crystals which are 
optically active. The composition corresponds with henicosiliydrated tetracalchim 
dlalnmilUkte, Ca 4 Al 207 . 21 H 20 , i.e. 4 Ca 0 .Ai 203 . 21 H 20 , and he saiid that at 40° 
the dodecahydrate is formed, and the compound becomes anhydrous when calcined. 
H. le.-Chatelicr made the crystals illustrated by Fig. 56, by fusing a mixture of one 
molar part of alumina with 1-6 to 2 molar parts of calcium oxide. Unfortunately, 
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said he, the fused masses are not completely crystallized, and even after recalcination 
a vitreous part remains which causes a little uncertainty as to the exact composition 
of the crystallized aluminate. The work of K. S. Shepherd, G. A. Rankin, and 
F. E. Wright, Fig. 54, shows that tricalcittm dialaminate, CajALOa, or SCaO.AlaOj, 
is unstable at its m.p., so that there is no true m.p., although all is completely fused 
at ISSO". Both CaO and 3CaO. AljOj separate at 1531 while along the liquidua curve 
BG, Fig. 54, the compound SCaO.Al^Oj is the stable phase, t'onsecjuently, it is 
probable that both N, G. Sefstrom, and 0. Tissier made this compound. E. D.t’amp- 
bell found that the tricalcium aluminate may be crystallized from a soln. of calcium 
oxide in bCaO.dAl.jOa as solvent provided the cone, of the calcium oxide at the 
beginning of the crystallization is sufficient to form the tricalcium aluminate with 
all the alumina. K. S. Shepherd, G. A. Rankin, and F. E. Wright showed that the 
crystals belong to the cubic system ; the fracture is conchoidal; the hardness is 
6 ; and the isotropic crystals have an index of refraction l'71()±0(KI| with Na-light. 
This compound is an important constituent of Portland cement clinker. When 
in contact with water, it yields the amorphous hydrate, St'aO.AUOs.wlloO. which 



Fin. 5ii. Crystals of Tricaleiom Aluminate, Flo. fiti. Hyilration of Triesleium 
CajAljO,, or C'SjAIjO,. IJialuminale. 

slowly crystallizes. H. le Chatelier represented the hydration process by the 
equation: SCaO.ALOa+CafOHla+Aq.- A 1 . 2 () 3 . 4 ('a 0 . 12 Hj, 0 . The effect of the 
hydration is shown in Fig. 56. E. Candlot showed that the, formula of the hydrated 
salt is more probably SCaO.AljOj.nHjO. C. Lowig claims to have made it by boiling 
alkali aluminate with lime-water; but E. T. Allen and H. F. Rogers showed that 
by adding an aq. soln. of potassium aluminate to hot lime-water, the hexahydrated 
salt, 3 CaO.Al 2 O 3 . 6 H 2 O, is precipitated. They also prepared hexahydrated W- 
strontiain dutluminate, Sr 3 Al 20 e. 6 H 20 , by boiling aluminium with cone, strontia- 
watcr; hydrogen is evolved, but no further action then occurs, and in the cold, the 
metal dissolves, and the salt separates. The same compound is better obtained 
by adding a soln. of potassium aluminate, containing an excess of potassium 
hydroxide, to a hot soln. of strontium chloride or hydroxide; it forms a white, heavy, 
granular, crystalline powder sparingly soluble in water, by which it is only slowly 
decomposed, and it is sensitive to the action of carbon dioxide. It resembles 
closely the corresponding calcium compound. E. Beckmann obtained hydrated 
triharhim dialomiiutte, BaaAl 20 j. 7'5 to IIH 2 O, or 3 Ba 0 .Al 203 . 7'5 to IIH 2 O, by 
evaporating a soln. of a mol of dibarium dialurainatc, 16 mols of barium hydroxide 
in 30 parts by weight of boiling water. The badly-develojicd crystals hjgve water 
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of crystallization dependent on the temp, of evaporation. The salt is sparingly 
soluble in cold water, and IW parts of boiling water dissolve 6 7 parts of salt; the 
aq. soil), on evaporation gives a mixture of barium hydroxide and dibarium 
dialuminate. At 100 ’, the salt has C’O-T’OHgO j at 150°, 6 H 2 O j at 165°, 3 H 2 OJ 
at 225°, 2 H 2 O; and tmieh water is retained by all the hydrated barium aluminatea 
at the m.p. of potassium dichroniate, a temp, at which barium hydroxide becomes 
anhydrous baryta. No oxygen is absorbed if the salt is heated in a current of air ; 
blit in a stream of carbon dioxide, two mols of the gas are absorbed. 

(!. Zulkowsky obtained a porcelaindikc mass by sintering a mixture of a mol 
of alumina with two mols of calcium oxide at about 1500°. When treated with 
water, it breaks down into calcium and aluminium hydroxides : 2 Ca 0 .Al 203 4 4 H 2 O 
.-AljOlOHji l- 2 (;a( 011 ) 2 . K. Dufau could not prepare dicalcium dikuminate, 
2 Ca 0 .Al 203 , or (la 2 Al 205 ; nor did E. S. Shepherd, 6. A. Rankin, and F. E. Wright 
obtain any evidence of the formation of such a compound in their study of the 
binary system. Fig. 52. E. T. Allen and H. F. Rogers obtained the hexa- or hepta- 
hydrate, CiijALOs.O or 7 H 2 O, by dissolving aluminium in lime-water kept saturated 
with calcium hydroxide. After some days, crystals of the salt appear on the metal; 
these are scraped oil and washed with water, then with alcohol, and finally in ether. 
The salt is very sparingly soluble in water and very .slowly decomposed by that 
menstruum. (!. Zulkowsky heated a mixture of the 2 mols of baryta with one, of 
aluniina and obtained what he regarded as dibarium dialuminate, 2 Ba 0 .Al 203 , 
or lla2AI.206, which, he said, behaves like the calcium salt towards water. According 
to E. T. Allen and II. F, Rogers, aluminium dis.solves vigorously in hot cone, baryta- 
water, forming a heavy crystalline powder which, after washing with cold water, anil 
then with alcohol, has the composition Ba 2 Al 205 . 5 H 20 , or 2Ba0.Al203.51l20. 
It is moderately soluble in water, and easily decomposed thereby. E. Beckmann 
boiled precipitated aluminium hydroxide with more than the calculated quantity 
of baryta-water; filtered the soln.; and on evaporation obtained crystals, which, 
according to ,A. Kock, are triclinic pinacoids with axial ratios and angles 
tt-.b-.c --O'bbin : 1 : 0 9888 and a - 99° 20-5', ^^=^91° 52', and y-4()9° 26'5'. The 
crystals decrepitate if rapidly heated, and when slowly heated to 125°, lose no 
appreciable quantity of water; at 155°, they lose 2 mols of water; at 180°, they 
gradually lose more water, but at 3(X)°, one mol of water is still retained and is 
expelled only at a red heat. The salt is sparingly soluble in cold water, and 100 parts 
of hot water slowly dissolve 5 parts of the salt. The soln. is more or less turbid, 
and reacts alkaline, but on crystallization furnishes the original salt. The soln. 
is decomposed by carbon dioxide, and the dry salt absorbs that gas. 

According to E. S. Shepherd, G. A. Rankin, and F. E. Wright, the well-defined 
maximum in the f.p. curve of lime and alumina. Fig. 54, at 1386° corresponds with 
the formation of pentacalcium hexaluminate, 5 Ca 0 . 3 Al 203 , or Ca 5 AleO] 4 . The 
eutectic 3 t'aO..\l 203 — 5 t'a 0 . 3 Al 203 occurs at 1382° with 51 per cent, of alumina. 
The crystals are isotropic and belong to the cubic system ; the fracture is conchoidal; 
the sp. gr. is 2 828 at 25725"; the liardnessb; and the refractive index for Na-light 
I*6(t8 + 0'(K)2—the refractive'index of a glass of the same composition is i’662. 
Solid soln. w-ere looked for but not found. This compound also occurs in an unstable 
form which readily changes to the i.sotropic form. It is obtained in radial, fibrous 
aggregates by rapid cooling: thehardne.s8is5 ; therefractiveindexa -1-687±0’002; 
y=l'692 + 0 002; the birefringence is weak and negative. The crystal form is 
probably rhombic. In contact with water, this compound decomposes, producing 
amorphous 3 Ca 0 ,Al 203 .nH 20 , and aluminium hydroxide. G. Friedel heated in a 
platinum-lined, steel tube to 500°, six grms. of calcium oxide with a soln. of alu¬ 
minium chloride (cq. to 3 grms. of metal) in 40-55 c.c. of water. The thin, tabular, 
rhombic crystals of trihydrated tetracaldom hexalaminftte, 4 CaO. 3 AI 2 O 3 . 3 H 2 O, or 
Ca 4 Al 40 i 3 .OT 20 , so obtained had the axial ratios a:b: c=0'5176 :1: 0‘7463. No 
sign of a tetracalcium hexaluminate appears on the equibbrium diagram, Fig. 54. 

B, 8. Shepherd, G. A. Rankin, and P. E. Wright prepared the spinel analogue 
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Clddum metalaminate, 0 a(A 102 )o, or CaO.ALOs, ami it appeared as a inaxiinum 
on the f.p. curve, Fig. 54, at 1587®. The eutectic SCaO.SALOa—CaO.AI.^Os is at 
1382® and 53 per cent. AI 2 O 3 . Hence, the coiupouiid was prohably made by 
N. G. Sefstrom, C. Zulkowsky, Rochettc Fr^res, H. St. ('. Deville, and J J. Ebelnieii. 
By heating a mixture of 100 parts of alumina and GO parts of caleimn oxide to 
a high temp, in an electric furnace, E. l)ufau obtained this same compound in 
colourless needles, but he did not succeed in making polycalcium aluminates in this 
way. The excess of admixed calcium oxide is removed by boiling the powdered 
mass with alcohol containing one per cent, of nitric acid, and wusliing the residin' 
with alcohol and finally with ether. E. S. Shepherd and co-wiukers did not obtain 
single crystals of this compound ; the elongated needles and prisms are intricately 
twinned individuals. The birefracting crystals belong either to the monoclinic or 
triclinic systems—probably the former. E. Dufau gave 3M»71 for the ap. gr. at 20", 
and he said that the crystals are softer than glass. E. S. Shepherd and co-workers 
said that the hardness is about G‘5; the extinction obliqui^; tin* birefringence strong, 
about 0002; and the refractive indices for Na-light are a - I'G-ll ±0‘(H)2; jS l'G54 
±0'003; and y - 4 661 ±0 0(»2. Calcium metalumiuate like the analogous beryllium 
salt, chrysoberyl, and like calcium chromate, and calcium ferrite, does not belong 
to the group of spinels. According to E. Dufau, the compound is quite stuhle in dry 
air. C. Zulkowsky said that with water it is deoomjiosed and sets hydraulically 
Ua(A10.>).v|-21L0-2AI()(0H)H-Ca(()H).,: E. S. Shepherd stated tliat it is attai^ked 
slowly by cold and rapidly by hot water, forming amorplious iM’aO.AljjOa.nllgO, 
and A1{0H)3. According to E. Dufau, it is readily soluble in hydroebioric acid, 
and but slightly affected by nitric, sulphuric, or hydrofiuoric acid. Fluorine attacks 
it only when assisted by heat; but chlorine, bromim*, iodine, or suli>hur lias no 
action at the softening temp, of glass. It is decomposed when heated with potassium 
carbonate or liydroxidc; and when lieated with carbon in the electric furnace, it 
forms calcium and aluminium carbides. E. T. Allen and H. F. Rogers prepared 
tetra- or penta-hydrated strontium metaiuminate, Sr(Al0.2)2.4 or bHuO, as a 
g(*latinoU8 mass, not in a j)urc condition, by the action of cold stroiitia- 
wdter on aluminium ; thc'v also reported })(‘ntaliy<lrate(l barium metalummato, 
Ba(Al().2)2-5H20, to be formed as an amorphous powd<T by dissolving aluniinimii 
in a cold sat. soln. of baryta-water. The powder is <‘a8ily decomposed by wat<‘r 
and by carbon dioxide. H. St. C. Deville obtained a tetrahi'drute by calcining 
a mixture of alumina with barium nitrate or carbonate, crystallizing the aq. extract, 
and recrystalliziug from an alcoholic soln. E. Beckmann reported a hexahydratc 
wliich E. T. Allen and H. F. Rogers believe to be really tin* jientaliydrate. 
J. A. Uedvall and N. von Zweigbcrgk thought a compound was formed when 
barium dioxide is heated with alumina. 

The equilibrium diagram, Fig. 54, shows tliat a eutectic between CaO.AjaOa 
—SOaO.DAIgOa occurs at 1580® with 67*5 per ceut. of alumina ; but tricftldum 
decaluminate, Sf’aO.SAlsOs, or CagAljoOjy, breaks down at about 1710®, and lias 
no true ra.p., although it is quite fused at 1725®. The crystals are rounded and 
belong either to the tetragonal or hexagonal system. The hardness is about 
65. The birefringence is fairly strong, 0032, and the refractive index for 
Na-light is a>^l‘617±0 002, and e=l C51 ±0002. There is an unstable form of 
this compound with a sp. gr. 3 05 at 25725®. The relation between the two is 
juonotropic, but even when rapidly quenched the unstable form inverts so readily 
that homogeneous crystals could not be obtained. The crystals are probably 
rhombic. The hardness is 55 to 60; the birefringence is about O'Ol 3 ; therefractive 
index for Na-light is a=l'662± 0 003; j8 ~I'67l ±0 002 ; and y~1674±0 002. 

E. Candlot found that when calcium aluminate is treated with calcium chloride, 
calcium chloroaluminste, 3 CaO.CaCl2.Al2O3.I0H2O, is fwined. It is decomposed 
by contact with water, and is said to be momentarily formed during the action of 
a sat. soln. of calcium chloride on the anhydrous aluminate. According to 
H. Steinmetz, calcium chloroaluminate, Ca(CaCl)Al08.6H20, has a transition point 
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at 36'8“, and its vol. then decreases. E. Candlot also obtained caldmu trioxytri* 
dCaO.SCaSO^.AlaOj.dOHjO, by the action of calcium sulphate 
on the aluniinate. This product is formed during the destructive action of 
sea-rvater on Portland ccnicnt. H. Kiiht &nd H. Albert j)repared CtUciuw 
ttsnlphafodialuminafe, Ca 302 (AlC 2 ) 2 . 3 CaS 04 , by heating lime-water and a coin, 
of aluminium sulphate separately to various temp, between 0° and 100°, mixing 
(he soln. in theoretical proportions, and maintaining the mixture at the same 
temp, for vuriou.s periods up to 28 days. Below 40°, a precipitate consisting of 
minute needles of the salt was readily formed, but above 40°, a much smaller 
quantity of the salt (contaminated with a variable amount of calcium hydroxide, 
which is less soluble in hot water) was formed. This is supposed to furnish an 
ex])lanation of the smaller expansion during the setting of mixtures of gypsum 
and Portland cement above 40° than below that temp. 

Barium aluniinule has been reeommonOod for the removal of calcium sulphate from 
boiler waha- on the (smitnereial scale, it is found that a quantity of barium aluminate 
less than is required by the equation, BaAl 20 ,-|-CaS 04 =BaS 04 -|-CaAl 204 , is sufficient to 
precipitate the sulphate; the resulting liquid, however, is not entirely free from dissolved 
salts, and is always found to contain lime in soln. The subject has also been discussed by 
I). A. PeniakolT. A. Winkler sintered mixtures of alumina, potassium hydroxide, and 
lime, and the products have been called jyotafismm cnlcium aluminates, although there is 
nothing to show that chemical individuals were formed. 

The occurrence of the rare mineral chrymheryl has been described in connection 
with beryllium. It is not the chrysoberyl of the ancients, for that is a variety of 
beryl. A. (1. Werner^ called it krisoberil; D. L. G. Karsten, D. ft. J. Lenz, etc., 
oalleil it fhrysohrryl; and R. J. Hally, cymophane. It was analyzed by M. H. Klap¬ 
roth, J. A. Arfvedsun, H. Seybert, (j. Bcrgemann, A. von Awdeefi, A. Damour, etc. 
Alejrmdrite was described by N. G. Nordenskjold. Chrysoberyl approximates in 
composition to beryllium aluminate, BefAlOjla. J- J- Ebelmeu obtained it by . 
melting a mixture of alumina, bcryllia, calcium carbonate, and boric oxide for about 
3 days at I.')(X)°-lti(X)''; P. Hautefcuille and A. Perrey heated a mixture of 
alumina, bcryllia, potassium sulphate, and carbon to about 1100“ for 4 hrs.; washed 
the cold proiluct with acidulated water; removed the excess of beryllia with sul¬ 
phuric acid, and the excess of carbon by oxidation. H. St. C. Deville and H. Caron 
imated a mixture of alundnium and beryllium fluorides in a carbon crucible arranged 
within a smaller <nrbun crucible, containing fused boric acid, embedded in the centre 
of the mixture. In a few hours, fine crystals of chrysoberyl were obtained. 
A. Lacroix obtained crystals of chrysoberyl by heating a beryllium salt with cryolite, 
and a silicate. If a chromium compound is present in the above syntheses, green 
erystals of alexandrite are obtained. The crystals are pleochroic, and they were 
found by G. Melczer to be pseudohcxagonal, rhombic bipyramids with axial ratios 
0 : 6 : c-.=0'4707 ; 1: ()'5823. L, Frischmann studied the twinning of the crystals. 
The crystals have a formal resemblance to those of olivine. J, J. Ebelmen gave 
3'759 for the sp. gr., and the hardness is 8-5. A. Reis and L. Zimmermann discussed 
the hardness of chrysoberyl. L. F. Nilsou and 0. Pettersson gave 0’2004 for the 
sp. ht.; Q. Melczer gave for the three refractive indices a, y, 1-7440, 1-7431, and 
1'7489 respectively for Li-light; 1-7443, 1-7470, and 17530 for Na-light; and 
1-7474, 1-7603, and 1-7566 for Tl-light. The double refraction is positive, 
y-o=0-009. 

According to H. Abich,^ if equi-molar parts of magnesium and aluminium 
salts be mixed in aq. soln. with enough ammonium chloride to keep the magnesium 
in soln., the addition of ammonia precipitates the aluminium and nearly all the 
magnesium as hydroxides so as to form a kind of hydrated spinel; J. N. von Fuchs 
found the precipitate contained much ammonia. According to W. Heldt, some 
aluminium hydroxide is precipitated by adding magnesium hydroxide to a soln. 
of an aluminium salt; and magnesium sulphate gives a white gelatinous precipitate 
when added to a solm of potassium aluminate, but calcined magnesia is not changed 
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in an aq. soln. of potassium aluminate. J. Heyrovsky made a dil. soln. of magneaiuni 
aluminate and measured the f.p. J. J. Berzelius was unable to fuse a mixture of 
alumina and magnesia at the temp, of a smith's forge, but a calcined mixture of 
alumina with half per cent, of magnesia evolves much heat on being moistened with 
water, and when extracted with hydrochloric acid leaves a residue of mag n aaium 
Eluituilftt6. W. Heldt also made somewhat analogous observations with mixtures 
of alumina and magnesia. E. S. Shepherd, G. A. Rankin, and F. E. Wright found 
only one well-defined magnesium aluminate, MgO.AUOg, or Mg(AlO.,).,-artificial 
spinel—oti the f.p. curve of mixtures of alumina and niagnesia. The'solid phases 
between 0 and 71'6 per cent, of alumina are magnesia and magnesium aluminate; 
the eutectic is at 1956 ; and the solid phases between 71‘G and RH) per cent, of 
alumina are magnesium aluminate and alumina. J. J. Ehelmen obtained crystals 
of artificial spinel by heating a mixture of alumina, magnesia, calcium carbonate, 
and boric oxide—the crystals were coloured red if a small proportion of cliromiuin 
be included; blue with cobalt; and black with ferric oxide -the cohi, crushed 
mass was washed with hot cone, hydrochloric acid. W, Guertler used alkali meta¬ 
borate as the solvent. E. Dufau heated a mixture of alumina and magnesia in an 
electric furnace, digested the cold mass with nitric acid, and separated the crystals 
of spinel with a heavy liquid—-methylene iodide ; no basic aluminate was obtained, 
but S. Meunier said that a basic inagnesiwn aluminate can be obtained ]>y melting 
magnesia, and cryolite with a large excess of alumina. Ne<'dh‘-like crystals, accom¬ 
panied by corundum, occur in tlie cold mass. S. M(‘unier also made spinel by fusing 
a mixture of alumina, magnesia, cryolite, and aluminium chloride-without the 
latter, no spinel was formed ; nor was it produced from a mixture of magnesia, 
alumina, and fluorspar, or from a mixture of magnesia and cryolite. He. also 
prepared crystals of spinel by heating water, aluminium (ddori<le, and magnesium 
in a sealed tube ; A. Daubree obtained spinel and corundum by passing the vapour 
of aluminium chloride over heated magnesia or by heating a mixture of lime with 
magnesium and aluminium cldorides. J. Morris made spinel by stirring an 
intimate mixture of carbon, and aluminium and magnesium chlorides into a paste 
with water; moulding the mass into briquettes; and Iieating the dried briquettes 
to redness in a stream of carbon dioxide for 50-500 hrs. 

•f. Moroztiwicz studied the cooditioiiH of forriiation of Mpiucl in silioato magmas. 
W. Vernadsky observed spinel in tho product ohiainod by fusing biotite; C. Doeltec, 
clinoehlore, and tourmalino; F. W. Clarko awl K. A. Schneider, ciinochlore, and .\antho 
phyllito ; W. Salomon, tounnaline, pyro|>e, and speHsarrto; K. Fouqio!! and A. M>che)-V»vy, 
a mixture of ne[)lielite and augite; ('. boelter and K. Russak, a mixture of fayalite and 
sarcolilo ; M. Vuenik, a mixture of magnetite and unorthite ; and B. VukiU, jmxtureH of 
eloeolite and augile or corundum. F. W. Clarko discussed tho U-aring of thow observations ‘ 
on tho occurrence of spinel in nature. F. Niggb studied tho ternary system Al,0, 
-MgO-CaO. 


Spinel, or magnesia spinel, occurs in colourless, holosymmetric crystals belonging 
to the cubic system. V. S. Dcleano and E. Dittlcr measured the velocity of crystalli¬ 
zation of spinel from the molten state. W. H. Bragg, L. Vegard, M. E. Huggins, 
1’. E. Kerr, and S. Nishikawa found that the X-radiogram of magnesium aluminate 
eorresponds with the cubic lattice of the diamond. W. Hermann’s experiments on 
the action of oxidizing and reducing gases on heated spinel led him to the belief that 
the oxides of iron act as tinctorial agents in the blue and green spinels. It is found 
in nature coloured red with chromium oxide, and this variety has been regarded as 
a gem-stone, prectciM spinel, from very early times; to distinguish it from ruby, it 
is also called ruby spirit (deep red), or baUu ruAy (rose red); yellow or orange-red 
spinel is also celled rubicelk; and violet spinel, altnadine. Theophrastus in his 
llipi Xldov refers to the iyS/xutiros, so called because it is not injured by fire; the 
term is usually translated as carbuncle, and Pliny in his Historia naturrdis (87. 
26-29) refers to the lychnis, and to the carbunculus, so called because of its resemblance 
to fire. It is generally supposed that these terms refer to what are now jmown at 
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spinel ruby, and corundum ruby. G. Agricola, C. Cappellcr, and J. G. Wallerius 
also confused these minerals. J. B. L. Rom6 de I’Isle first clearly demonstrated 
the difference in the crystal forms of ruhi$ spindle and corundum ruby. Analyses 
have been published by .f. .1. Berzelius, T. Thomson, H. Abich, T. Scheerer, A. Erd¬ 
mann, F. i'isani. If. Rose, A. Damour, A. Hilgcr, etc. The sp. gr. of ruby spinel 
is 3-M8 and of blue spinel 3 542, according to J. J. Ebelmen, and 3'67 at 15°, according 
to E. Diifau- the sp. gr. of corundum is greater than this. Similarly the hardness 
of spinel ruby, 8 0, is smaller than that of corundum ruby, which is 8'8 to 9-0. A. Reis 
and L. /fiimnermann gave 8'0 for the hardness of spinel. H. Fizeau found the coeff. 
of cubical c.Kpansion of Singalesc ruby spinel to be 0'00001787 at 40°; and H. Kopp 
gave 0'J94 for the sp. Jit. between 14° and 47°. The refractive index is high, but 
smaller than that of corundum ruby. A. des Cloizeaux found for ruby spinel, 
1'712I for the Id-ray, 1'7155 for the Na-ray, and 1'726 for the blue ray; and for a 
blue spinel G. Meiczer obtained l'7185'-]*7200 with Na-light. 0. Miigge observed 
radioactive haloc,s in some specimens of spinel. B. Dufau said that spinel is 
attacked with difficulty by chlorine, bromine, or iodine, but it is attacked, when 
warm, by fluorine; hydroffuoric and hydrochloric acids attack it with difficulty. 
H. Abich also found that hydrochloric acid has very little action on spinel, and he 
noted that sulphuric acid dissolves about one-third when the mixture is heated 
until the aciil begins to evajiorate; E. Dufau found that sulphuric acid has very 
little action on spinel, and A. Mitscherlich found that spinel dissolves in 2 hrs. in a 
mixture of sulphuric acid (3: 1); or when boiled in a mixture of sulphuric and 
hydroffuoric acids. 11. Abich said spinel is not at all attacked by nitric acid. 

E. Dufau found that spinel is not reduced by carbon in the electric furnace; it is 
not attacked by fused alkali carbonate, but it is readily decomposed by fused 
alkali hydroxide. E. H. Riddle deseribed the manufacture of tubes and crucibles 
from spinel. 

_ I*. Hochslellor ® found a liytiralod magnesium aluminium hydroxide as a secondary 
muierul on serpeidino at iSnaruin, Norway, and lie called it hydrotalcite because it looked 
like tale ; K. llerninim called a spocmien from Shishimsk, Ural, tdiiaerde— after 
,1^* related mineral from Oxbow and Somerville, Now York, was culled 

aur‘ 11 “ liowjliik—altar F. It. Hough. Analyses were made by K. Hermann, and 

S. W. .lohiison. The composition approximates Al(OH)j.3Mg(OH)., .111 A), or Mg,A10.()H,0. 

I he crystals are hexagonal; the sp. gr. is 2’04 to 2-09 ; and the hardness 2. VV. W. C'oblentz 
found the ultra-red transmission spectrum has bands at 7-Bu, 2n, 3u, and 4-7u. The 
opacity IS complete at tip. There is a band at 9'9p in the ultra-red rofloction spectrum. 

In 1806, ti. Ekcberg ® analyzed the zinc analogue of spinel found in some schists 
at hahlun (bweden), and he named it aiUomolite, from acTopoXot, a deserter, in 
allusion to the zinc occurring in an unexpected place; but C. 15. von Moll objected 
to eueh an idea in nature, and called it fiahnile, after J. G. Gahn, the discoverer. 
Analyses by G. Ekcberg, H. Abich, F. A. Genth, T. Thomson, A. Damour, 

F. von Robell, h. Fisani, F. Mauro, J. D. Dana, H. Hedstrom, etc., correspond with 
the formula for zinc aluminate, ZnfAlO^lz. More or less ferrous iron may replace 
tto zinc ; and in the rfi/.slaile of W. H, Keating, and in the heittonnile of P. von 
Kobell,^ some ferric iron replaces the alumina, and some manganous oxide the 
magnesia—possibly i.somorphous mixtures or solid soln.; franklinite, (Zu,Mn)Fe 204 , 
and magnetite, F e(F eO^), and chromite, F^efCrOglg, may bo regarded as advanced or 
extreme stages in the substitution, or extreme members of the series of mixed crystals. 

J. J. Berzelius found that aluminium hydroxide abstracts zinc oxide from the aq. 
soln. of ammoniacal zinc oxide ; and zinc aluminate is precipitated from the same 
soln, by adding a sat. soln. of potassium aluminate. T. Sander found a precipitate 
is obtained on mixing soln. of potassium aluminate and zincate. J. J. Ebelmen, 
and J. R. Mourelo synthesized gahnite by heating a mixture of zinc oxide, alumina, 
and boric oxide ; S. Mounier, by heating to bright redness a mixture of alumima, 
zinc oxide, cryolite, and aluminium chloride. A. Daubr4e, by passing the vapours 
of alumigium and zinc chlorides over red-hot lime; H. St. C. Deville and H. Caron, 
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by vaporizing a mixture of zinc and aluminium fluorides in the presence of boric 
oxide. A. Stelzner found gahnite in the walls of a zinc mufile at Freiberg, and 
G. J. Brush at New Jersey. W. Biltz regarded the violet colour of zinc aluniinate 
as a result of the union of compounds of elements in difierent states of oxidation. 
E. V. Shannon described a blue cobaltiferous gahnite from Maryland. The crystals 
are cubic and are isomorphous with spinel. W. H. Bragg studied the X-radio- 
gram; and M. L. Huggins, the electronic structure. According to J. J. Ebelmen, 
the sp. gr. is 4’58, and the crystals are harder than ijuartz. H. lledstrom gave 1'39 
for the sp. gr., and W. Ortloif 7'5 to 8 for the hardness. A. Keis and U. /.imuierinaim 
gave 8 0 for the hardness of zinc s))inel. 11. llosenbuch gave 1-765 for the refractive 
index. According to J. J. Berzelius, gahnite bakes together when heated with 
sodium carbonate but is not dissolved; it is slightly soluble in fused borax or micro- 
cosmic salt; but fuses to a clear glass with a mixture of borax and sodium carbonate. 
Gahnite is virtually insoluble in acids and alkali-lye. J. J. Ebelmen failed to prepare 
cadmium aluminate by heating a mixture of alumina, cadmium oxide, and boric 
oxide, for aluminium borate was formed, while the cadmium volatilized. 

J. Smithson ’’ described plotnh-gomme as a native hydrated lead ahminale—vide 
lead phosphates. E. J. Kohlmeyer found it difficult to melt lead oxide and alumina 
because at the necessary temp, lead oxide rapidly volatilizes. A. Stavenhagen 
and E. Schuchardt found that the product has a blue cathodoluminescence. 
L. F. Hawley made thallous aluminate, TI 4 AI 205 . 7 H./), by the dissolving alu¬ 
minium in a cold soln. of thallous hydroxide. It is insoluble in absolute alcohol, 
and readily soluble in dil. acids and alkali hydro.xides. It is slowly hytlrolyzed 
by water,'and the aq. soln. is decomposed by carbon dioxide, forming thallous 
carbonate and aluminium hydroxide. 

J. J. Ebelmen» prepared crystals of manganous duminate, Mu(AK)..).i, or 
maiii/anese spinet, belonging to the cubic system by heating a inixture of alumina, 
manganous oxide, and boric oxide for three days to 15W'-16tl0“; and E. Uufau, 
by heating a mixture of aluminium and manganic oxide in an electric furnace. 
The mass was treated with boiling hydrochloric acid. J. A. Krcnner found crystals 
of manganese spinel in some blast furnace slag; dysimte may be regarded as man¬ 
ganese spinel in which much of the alumina has been displaced by ferric oxme-- 
vide supra. According to E. Uufau, the sp. gr. of manganese spinel at 20 was 
4-12 ; the crystals scratch quartz. The salt is easily oxidized when heated m air, 
and rapidly attacked by chlorine; at a red beat with fluorine it becomes incan¬ 
descent. Sulphur, bromine, and iodine react at the softening teiiiji. of glass. It 
is insoluble in hydrochloric ucid, is iittackeil by hydrofluoric and nitric acids, and 
readily dissolved by siiljihuric acid. Fused potassium chlorate, nitrate, hydroxide, 
and carbonate easily decompose manganese spinel. _ 

The ferrous analogue of spinel, ferrous aluminate, FefAlOj).,., i>. iron spinel, 
is represented by the mineral hercynile, discovered at Eonsberg by J. X. M. ''ippe, 
and named from the Latin term for the Bohemian Forest —silm hercyma. 1 he 
mineral was analyzed by B. Quadrat. It occurs as black magnetic specks in the 
Saxon granulites. It also occurs massive and granular; it is black in colour; 
its sp. gr. is 3-91-3-95 ; and its hardness is 7 5-8. J. J. Ebelmen obtained a mass 
covered with brown intersecting needles by heating a mixture of alumina, ferric 
oxide, and boric oxide for three days at 15(X)“-1600°. The minerals sp'^ "'’T’ 
hercynite, gahnite, magnetite, magnesioferrite, Mg(Fe 02 ) 2 , jacobsite, Mii(J*c 02 ) 2 , 
franklinite, (Zn, Mn) (Fe02)2, and chromite, FefGrOjla, form a natural group of 
cubic minerals, M"R 2 "' 04 , in which there are many intermediate forms, file 
basic element may be magnesium, ferrous iron, zinc, or manganese ; and where 
R'" may be tervalent aluminium, iron, manganese, or chromium. 


In illustration, the ceyUmUe of J. C. Delsm4thene, the zeyhnUe ol D. L. G. 
the pUmaste of R. .T. Haiiy, the ceylonite of C. F. Ratninelsborg, and the eandiU of 
do Bournon is an iron-magneiia spinel, varying in colour from dark green, brown, or black, 
and have a comp<«ition coriwponding with iaomorphoua mixtum repreidntea by 
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iMg, Fe)0.(AI, FpjjOj. ThoMo rniuorala have been roi>ort^ in gaxnetiferous gnei^, and 
inetamorpliic rockn. ^i'lio Ko-ottllcd chlorospinvl occurs in grass-green or greyi^-grwn 
regular octalwilroiiH, of m|). gr. and is considered by C4. Kose to bo a magnesia spinel 

with part of the idunmiH ropliu od by ferric oxide. It also contains about 0*27 per cent, 
of co|)i»er oxiflo. 'Hio luinoiiil pleotitc is a chroine-ceylonito and was first described by 
Pi(5ot <le la IVyiouNo and named by .1. 0. i)olamcHherie Iherzolite from Lherz, where the 
mineral was lirst obtained as heavy block grains in olivine rocks; it is also found in serpentine. 
.1. h\ \V. (.Iiarperitier named the mineral picotite after its discoverer. It contains about 
7 per cenf. of cliroimc oxide us well as magnesia, alumina, and ferrous and ferric oxides— 
(Mg.Fo)()<AI,Kt>,(;r)j() 3 . The/MK/6omi/cof A.fjiavelinapproximatesMgOIAhOj.FejOa.TiOj)^. 

11 occurs III Swedish Lapland. The sp. gr. is 3 81 ; the hardness, CJ; the axial ratio a: e 
of the rhomliohedral crystals is 1 : l'5d; and the indices of refraction, w—1'853, uid 
f >1 803. 

About th(‘ end of the cighteentli century, J. G. Gahn discovered the tine blue 
colour which is produced when alumina, or a substance containing alumina as 
free as possible from iron, is ignited with a salt of cobalt. It was mentioned by 

F. Wenzel. J. .1. Horzelius described it in 1812. The colour is improved if 
phosphates or arsenates are present, and the product obtained by calcining a 
mixture of alumina witli cobalt phosphate or arsenate was described by 
fi. J. Thcnant ; and the colour produced by calcining alumina with cobalt oxide 
or cobalt salts came to be called Thenard's blue, or cobalt-ullramaritie, Leyden blue, 
or Leithnera blue. According to W Louyet, a mixture of cobalt and aluminium 
hydroxides does not assume the true blue colour at a temp, below the m.p. of glass, 
a red heat renders the mixture black or grey ; but if cobalt phosphate or arsenate 
is used, the blue is develoj)ed at a red heat. J. J. Ebelmen did not succeed in 
making crystals of cobalt aluminate, OoO.AliiOa, analogous with the spinels by the 
process he employed for other spinels—vii/c supra. W. Stein, and S. Burgstaller 
regarded Thenard’s blue as a solid soln. of cobalt oxide in alumina. J. A. Hedvall 
heated the mixture of the, two oxides with potassium chloride and obtained crystals 
of cobalt aluminate which he regards as a true chemical compound—sp. gr. 4‘37 
at 18‘\ He also obtained a green aluminate, 4Co0.3Al20;j. M. Huger also prepared 
cobalt aluminate; and he showed that the green intermediate product obtained 
by heating the mixture of cobalt oxide and alumina at 900° is a solid soln. of 
aluminate. 
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§ 13. Aluminium Fluoride 

The mineral Jiuellitc, AIF 3 .H 2 O, waa discovered by A. Low 1 in 1824. It is a 
rare mineral—colourless or white, with or without a tinge of yellow—found at 
Steniia-gwyn (Cornwall) in minute crystals along with wavellite and uranite on 
quartz. In 1824, J. J. Berzelius 2 dissolved alumina in hydrofluoric acid, and 
on evaporation, obtained a syrup wliich formed a hydrated gum-like mass 
dissolving slowly in cold water and rapidly in hot. J. J. Berzelius noted that 
when heated, the hydrated compound loses hydrogen fluoride and forms a basic 
aluminium fluoride; indeed, L. ^huch converted aluminium fluoride into alumina 
and hydrogen ftuori 4 e by heating it in a stream of water vapour, 2 A 1 F 3 -|' 3 H 20 
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^AljOs+OHF. C. Brunner found that when alunnna is heated to redness, it 
absorbs the vapour of hydrogen fluorjde, and gives off water, but quantitative 
results were not obtained. According to H. St. C. Deville, if either product be heated 
in a carbon tube in a stream of hydrogen, at a white heat, most of the aluminium 
fluoride sublimes and forms rhombohcdral crystals. According to P. Hautefeuille, 
if alumina be heated to a high temp, in a stream of moist hydrogen fluoride crystals 
of corundum, AI. 2 O 3 , and of aluminium fluoride arc produccrl. 

H. St. 0. Deville obtained aluminium fluoride by di-sl illing a mixture of aluminium 
sulphate and cryolite in a stream of hydrogen; and also by heating a mixture 
of fluorspar and alumina in a stream of hydrogen chloride; M. Strakoscb and 
('. 0. Weber heated a mixture of sodium fluoric with aluminium sul)ibate and 
extracted the. aluminium fluoride with water; A. ('ossa obtained aluminium 
fluoride by heating a mixture of aluminium sulphate and magnesium fluoride 
H. St. C. Deville prepared aluminiunt fluoride by decomposing silicon tetralluoride 
with alumina, and he removed the silicon by means of a mixture of hydrofluoric and 
nitric acids; he also made aluminium fluoride by heating bydrofluo.silicic acid with 
alumina or china clay; and L. Troost and P. Hautefeuille, by heating alumina 
in a stream of silicon fluoride. H. Moissan obtained aluminium fluoride by the 
action of fluorine on aluminium; in the cold the metal is superficially nttacki'd, 
but when heated the reaction is complete; C. Poidonc also prepared the same com- 
poundby the action of hydrogen fluoride on aluminium at IfKKP ; W. K. van llaagcn 
amVE. F. Smith used alumina. 

According to II. St. ('. Deville and A. de Schulten, anhydrous aluminium fluoride 
crystallizes in colourless, transparent, obtuse rhombohedra, but, according to 
(‘. Poulenc, the crystals are probably triclinic. 0. H. D. Biideker gave, tho sp. gr. 
as S’Oti.') to 3'13 at 12°. W. Biltz gave 27'1 lor the mol. vol. P. P. Fedot ceil 
and W. lijinsky found the m.p., or rather the freezing temp., of aliindnium 
fluoride to be 1000°; N. A. Puschin and A. V. BaskofI give 1040°. E. Baud's 
value for the heat of formation of aluminium fluoride from its elements is 409 Cals., 
which is the greatest of all the aluminium-halogen compounds. 0. Petterssnn 
gives the heat of formation 2[Ai(OH)3, .3HFa,.[“3x23'4I0 Cals.; E. Baud gives 
the heat of soln. of A 1 F 3 . 3 '. 5 H 30 at 15° as .-3'33 Cals.; of 2A1F;|.H.2() at 1.5° as 
•bMbCals.; the heat of formation 2 AlF 3 ,oiid+H 20 |,a,=“ 2 AiF 3 .H 30 ,„iiu-l- 33'33 Cals., 
and with li(iuid water, 23'68C'al3. Similarly, 2 AIF 3 ,,, 11 , 1 -t- 7 H. 20 ||qui,i— 2 AlF 3 . 7 U 20 B,.ii,bi« 
-f64'95 Uals., and for insoluble 2 AIF 3 . 7 H 2 O, 6rv95 Cals. In spite of a little 
ionization, A. Speransky found the mol, wt. of aluminium fluoride in aq. soln. to 
be greater than corresponds with the formula AIF 3 . H. St, 0. Deville reported 
that anhydrous aluminium fluoride is inert chemically, for it is not nttack<‘d by water 
or acids; it is slightly attacked by boiling sulphuric acid, but is not changed by 
boiling potash-lye ; it is decomposed by heating it with calcium oxide at a white 
heat, and with fused sodium carbonate when a part of the fluorine is volatilized as 
sodium fluoride. L. Schuch said that the crystals arc decomposed completely into 
alumina and hydrogen fluoride when heated in a current of steam ; E. Baud found 
that aluminium fluoride volatilizes with partial decomposition when heated in a 
stream of hydrogen; and that the volatilization of aluminium fluoride at a red 
heat is attended by much decomposition. E. Friimy and C. Feil obtained aluminium 
borate by fusing aluminium fluoride with boric oxide; A. von Bartal observed no 
change when carbonyl chloride is passed over cold or heated aluminium fluoride. 
W. Hampe heated cryolite with aluminium and obtained what he regarded either 
as alnmininm jnibfluoride, AIF 2 , or a double salt of this subfluoride with sodium 
fluoride. W. Diehl contested the validity of W. Hampe’s conclusion, but W. Hampe 
further elaimed to have formed the same compound by the electrolysis of cryolite. 

A. Mazzucchclli says that the contradictory observations which have been 
reported on the various hydrates of aluminium fluoride are due to complications 
traceable to metastability and supersaturation; to the slowness with which the 
solids and soln. attain a state of equilibrium; and to the existence of hydrates 
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with the same composition 6 ut with different solubilities and degrees of resistaiuv 
to the action of heat. A. Mazzucchelli obtained silky filaments of monohydnted 
slaminium fluoride, AIP 3 .H 2 O, by evaporating a dil. aq. soln. or a small quantity 
of a cone, neutral soln. of the salt to dryness, on a water-bath. This product is 
sparingly soluble in water, by which it is transformed into AlFj.SHjO. The mineral 
fliieliite, AIF 3 .H 2 O, crystallizes in bipyramids belonging to the rhombic system 
and Irn'iiif! the axial ratios a: b: c—0'77U: 1 :18776; hardness 3; sp. _gr.’ 
‘J'l7; anti refractive index I'47. A. Mazzucchelli states that a soln. of aluminium 
fluoride is most conveniently prepared by suspending 42 grms. of basic aluminium 
acetate and 54 grms. of alumina in about 100 c.c. of water and 66 grms. of 40 per 
cent, hydrofluoric acid. Soln. occurs either at once or after boiling for a short 
time. The, soln. gradually deposits a gelatinous or colloidal hydrate of aluminium 
fluoride approximately tribydrated aluminiam fluoride, AIF 3 . 3 H 2 O. The same 
dll. soln. gradually deposit a crystalline crust of a similar composition, AIF 5 . 3 H 2 O. 

L. FI. Milligan said the product is granular if the soln. contains free acid eq. in 
amount to the aluminium. 

A. Mazzucchelli also found that if 75 c.c. of water be used in place of 100 c.c. 
in Ihe preceding method of preparation, the liquid becomes very much heated, 
and, on cooling, dejmsits crystals of hemiheptadecahydrated aluminium fluoride, 
A 1 F 3 . 8 JH,, 0 , which can also be obtained as a felted mass of short needles by cooling 
. below 0 ", a more dil. soln. of aluminium fluoride. A sat. aq. soln. of hemihepta- 
decahydrated aluminium fluoride at 11° contains 3'85 grms. of AIF 3 , and at —0-2", 
1'20 grms. The crystals effloresce rapidly and become opaque, even in a sealed 
tube; tlie soluble metastable hydrate passes into the trihydrated fluoride, which 
is the most stable hydrate unilcr ordinary conditions. According to E. Baud, 
and A. Mazzueehelli, when two volumes of alcohol are added to one volume of a 
neutral soln. of alumina in hydrofluoric acid, a crystalline ))recipitate of hemi- 
heptahydrated aluminium fluoride, AIF 3 . 3 JH 2 O, which is readily soluble in water, 
is obtained. The soln. is acid to litmus, and neutral to methyl orange. Another 
form of heiniheptahydrated aluminium fluoride almost insoluble in water is made 
by evaporating at UK)’ a soln. of alumina in aq. hydrofluoric acid. The herai- 
heptahydrated fluoride remains unchanged in vacuo or over sulphuric acid; it 
•loses 2 mols of water at 100 “; half a mol between 150° and 170°; and another 
half mol. between 210° and 250°. The residual hemihydrated aluminium fluoride, 
AIF 3 .JH 2 O, does not decompose at a bright red beat. The heiniheptahydrated 
fluoride gradually changes to the trihydrated fluoride in contact with water. The 
heat of soln. of the soluble form of AIF 3 . 3 JH 2 O is 1 Cal. less than that of the insoluble 
form, and this corresponds with the heat evolved in the transformation of the 
soluble into the insoluble modifleation. A. von Bartal found that carbonyl chloride 
does not react with aluminium fluoride even at a red heat. G. L. Clark found 
.duminium fluoride adsorbs ammonia very slowly, forming alummium ammino- 
ohloride, AlFj.NH;,. 


HBnSRKNOK!!. 

1 A. Uvy, Awn. VhU., (2), 8. 242, 1824; Kdin, Jouni. Sekwe, 12. 178, 1825. 

» J. J. Beraeliue, I'agg. ^Inn., 1. 23. 1824; C. Brunner, it., 98. 488, 1850; L. Troost and 
1'. Hautefeuille, Rend..n. I81il, 1872; K. I'nlmy end ('. Foil, t6., 85. 1029, 1878; 

A.d«Schulten.i6., 158, 1291, 1911; t'.l’oulenc,t;omp(.fieiid.,115, 941 ,1892; H. St. C.Boville 
<6., 48. 970, 1869 ; Ann. CAim. (3), 48. 79, 185(1; (3), 61. 3,30, 1861; C. Poulenc, it.. 17 )’ 
it. 66, 1894; P. Hautefeuille, , 6 ., (4), 4. 17)3, 1894; E. Baud, it., (8), 1. 60, 1904; Comp/. 
Send., 186, 1337, 1902; fiur tjuelqwn comJnnoisona du chlornrt et du ftuorun d*alnminium, Paris 
1903 J A. Coaaa, Oazz. Chim. Jtat.,7. 212, 1877 ; Oeateneiohische Anitlnfabrik von M. Strakdich 
A Co. and C. 0. Weber, Oerman Pat., D.B.P. 37079, 1885; W. Bilte, Zeit. anorg. Chem, 121 
257,1922; A. von Bartal, 16 .,58.49,1907; P. P. Fedoteefi and W. lijinaky, »5.,80. 113,1913 ■ 
H.vonHelinolt,>5.,8.127,1893; N. A. PuachinandA. V.Baakoff, i5.,81.347,1913; L. H. MUlil 
M, V.S. Pal. So. 1403183,1922; H. Sfoiasan, Ufuor et se> compoth, Paris, 1900; C. Priedel, 
Bull. Soe. C*fm., (2), 21. 241, 1874; L. Sohuoh, Mig't Ana., 126.108,1883; A. Maiiooehelli, 
.4111 Ataid. Lineei, (6), 16. i, 776, 1907 : 0. Petteraaon, Zeit.- phyi. Cketn., 6. 259, 1890; 



ALUMINIUM 


303 


A. Sper»Mky, Jmtm. Ruai. Phy). Ohm. Soc., 24. i, 304. 1893; W, K. van Haajfen and 
E. F. Smith, Jtmm. Amer. Chem, Soc.^ 33. 1504, 1911; C. H. D. Bodefcer, Die Beziehuttgen 
ztcischett Dkhte «nd Zueammeneetzung bet Jeeten uni tiquiden Stoffeit, Leipzig, 1800 ; W, Hampe 
Ciem. Ztg., 4.1, 29, 49,1889; W. Diehl, ib., 4. 102, 1889; G. L. Clark, Amer. Journ. Sriem 
(5), 7. 1, 1921. 


§ 14. The Fluoaluminates 

Aluminium fluoride forms a number of double compounds with other metal 
fluorides. The majority of compoundB with the alkali fluorides seem to be salts 
of the complex hydrofluoalnminic acid, SHF.AIF 3 , or HsAlFe, This acid has not 
been isolated, but H. St. C. Deville 1 reported two acid compounds of aluminium 
fluoride, namely, (i) flHF.SAIFa.SH^O, jircparcd by half saturating hvdrotluoric 
acid with aluminium hydroxide, and adding alcohol. The oily liquid which separates 
soon crystallizes ; and (ii) HF. 2 AlF 3 .,')HjO, prepared by eva)iornting the preoeding 
soln., washing the crystalline residue with boiling water, and drying it in air. 

By pouring an excess of a soln. of ammonium fluoride into one of aluminium 
fluoride, E. Band obtained a gelatinous precijiitate which soon settles. It is supjioaed 
to be ammonium pentafluoaluminate, 2 NH 4 F,AIFa.l 5 H 20 , or (NlDjAIFj lJHA), 
The heat of soln. is —17’09 Cals,; and 100 )iart 8 of water dissolve one part of the salt, 
.f. ,r. Berzelius boiled aluminium hydroxide in an aq. soln. of ammonium fluoride 
and found part of the ammonia is expelled and a transparent jelly which dries to a 
white powder is formed. H. von Helmolt washed the gelatinous jireciiutate with 
dil. alcohol, and found it to be the ammonium analogue of cryolite— ammonium 
hexafluoaluminate, (NHjjjAlF,, or .TNH^F.AIFa- with cone, soln. octahedral 
crystals, belonging to the cubic system, are iirecipitated. The salt is feebly soluble 
in water, and,according to H.von Helmolt, ammonia does not ]irecipilnte alumina 
from the soln.; while, according to .T. .f. Berzelius, the salt is not soluble in water 
containing ammonia or ammonium fluoride, and either of these eompoiinds pre¬ 
cipitates the salt from its aq. soln. When heated, the salt gives olT ammonia, and 
then ammonium hydrogen fluoride, leaving a residue of aluminium oxyfluoriile. 
J. Petersen prepared a similar salt. 

J. J. Berzelius 2 obtained lithium fluoalumiiiate as a white powder, insoluble in 
water, by treating lithium hydrofliioridc with aluminium hydroxide, N. A. I'uschin 
and A. V. Baskoff found the ni.ii. curve of lithium fluoride is of the typo shown in 
Fig. 54. The curve falls from 870° to a eutectic at 706’ with 14'5 molar per cent, of 
aluminium fluoride, and then rises to a maximum over 783°- say 8(XI°- when the 
mixturccorrespondswiththelithiumanalogue of cryolite, lithium bexaSuoaluminaie, 
.TLiF.AlFj, or LiaAlFj ; the temp, then falls to the eutectic 691" with 37 mol per 
cent, of aluminium fluoride. The curve was not further explored. The mineral 
cryoUlhiottile. is a double sodium lithium fluoaluminate, Na 3 Li 3 Al 2 F] 2 , or 
2 AIF 3 . 3 NaF.. 3 LiF. it occurs as cubic crystals at Ivigtut (Greenland) and in the 
Ilmen Mountains (Urals). According to N. V. Ussing, the hardness is 2 -3; sp. gr., 
2’774-2'778; index of refraction for the l.i-line, 1'3382 ; for the Na-line, 1-339.5 ; 
and for the Tl-line, 1'3408. The crystals decrepitate when heated to redness ; they 
soften at 700°, and, according to N. V. Ussing, melt at 710°. The solid is rather more 
soluble in water than cryoUte- 100 c.c. of water at 18° dissolve 0 074 grm. of cryo- 
litbionite. The aq. soln., on evaporation, gives small cubic crystals, which arc 
decomposed by warm sulphuric acid. 

, The minerals containing sodium and aluminium fluorides are: cryolite., 
which has a composition corresponding with AlFs.SNaF; cryolilhionilc, with 
flAlFg.SNaF.SLiF ; chiolile, with 3AlFj.5NaF, or with AIF 3 .I JNaF; and ralttoniU, 
with 3A1(F, OH) 3 .(Na 2 , MgjFz.flHjO; pachnolite, and Ihomsenolile, which are di¬ 
morphic forms with the composition AlF 3 .CaF 2 .NaF.HjO. According to 
G. F. Schumacher,’ a sample of cryolite was brought from Greenland to Copenhagen 
in 1795, but was thought to be barytes until P. C. Abildgaard found it>to contain 
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fluorine end aluminium; the residue was found by M. H. Klaproth, and 
L. N. Vauquclin in 1800, to be sodium; and R. J. HaUy described it, in 1801, as 
flmte d’alumine e,t de soude des chmisles. The resemblance of the mineral to snow, 
and its still greater likeness, when wet, to ice, suggested to P. C. Abildgaard the 
name krynlilh, kryolUe, or cryolite— spvos, frost; and Aidos, stone. B. F. Glocker 
called it Fissfeia—ice-stone. The mineral was later described by J. B. d’Andrada 
and D. L. (1. Karsten. In 1811, K. L. Giesecke discovered a large deposit of cryolite 
at tlio place now known as Ivigtut in Frederikshaab, in the south-west of Greenland. 
This is virtually the. only deposit of commercial importance known at the present 
time; although comparatively small deposits have, been found at Miask (Ural 
.Mountains); in the granite at the north-east base of St. Peter’s dome. Pike’s Peak, 
Colorado; Yellowstone National Park, Wyoming; and at Aragonien Huesca, 
Spain. The. fluorine compounds, says F. W. Clarke, arc rarely found in eruptive 
rocks; they are especially characteristic of deep-seated or plutonic rocks, where 
the gaseous exhalations have been retained under press., and are commonly regarded 
as of pneumatolytic origin. F. Johnstrup says that the bed of cryolite is a con¬ 
cretionary secretion in eruptive granite ; and R. Baldauf supposes it to have been 
formed by the action of fluoriferous gases upon the original granite, magma. 

The minerals—quartz, siderite, galenite, sphalerite, pyrite, ehaleopyrite, and 
wolf ramite—irregularly scattered through the mass of cryolite, are separated by hand¬ 
sorting. There are also mineral impurities—pachnolitc, thomsonolite, arksuktite, 
gearksuktitc, ralstonite, prosopite, ivigtite, and hagemannite— all comparatively rare, 
or found only in association with cryolite; these are separated from cryolite 
in the, process of manufacture since they suffer no change under the chemical treat¬ 
ment by which cryolite is decomposed. The cryolite mines were opened by 
D. Schmidt in 1857, and the Danish Government, which owns the mines, claims 
one-fifth of every cubic fathom (13'6 tons of 2210 lbs.) of cryolite mined and shipped 
from Greenland. The cryolite is mined mainly in summer; it is then sorted into 
first and second grades. 

Cryolite was formerly the chief source of aluminium, but was sn])erscded by 
bauxite. H. Rose, and A. Dick obtained aluminium from cryolite, in 18.55 by 
fusing the mineral packed with alternate layers of sodium in a magnesia-lined 
crucible. Cryolite is still used in the production of the metal, but not as a source 
of supply, for it is used as a solvent for the alumina since, when fused, it dissolves 
over 21 per cent, of alumina. During electrolysis the alumina is decomposed. A 
small amount of soda and alumina is manufactured from cryolite by J. Thomsen’s 
process. Cryolite is also used as an opacifying agent in the manufacture of opaque 
glass— i'.g. cryolite glass or hot-cast porcelatn—and enamels. 

.1. J. Berzelius * prepared sodium fluoaluminate by adding aluminium hydroxide 
to an aq. soln. of sodium hydrofluoride until the acidity was neutralized; if 
sodium fluoride alone is used, half the sodium is liberated as hydroxide and remains 
in soln. as sodium alumiuate: L. Schuch, and 0. '1'. Christensen showed the reaction 
is probably that symbolized: fiNaF+ 2 Al 203 r=^Na 3 AlFo-(- 3 NaAI 02 . E. Baud 
also mixed a dil. soln. of sodium fluoride with the correct quantity of aluminium 
fluoride. H. St. C. Deville neutralized a mixture of aluminiuju hydroxide and 
sodium carbonate with hydrofluoric acid. The soln. in either case were evaporated 
to a gelatinous mass which dries to a white powder. The Soci^te Anon. d’Alum 
precipitates the double salt by adding sodium chloride to a soln. of aluminium 
hydroxide in an excess of hydrofluoric acid. L. Schuch mixed cryolite with 
smia-lye of sp. gr. 1'26, whereby a soln. of sodium aluminate was formed 
Na8AlFj-(-4NaOH=6NaF-f NaAlOa-f 2H20 ; if carbon dioxide be passed through 
the boiling soln. pulverulent sodium aluminate is precipitated and the admixed 
aluminium hydroxide can be removed by treatment with acetic acid. H. St. C. 
Deville prepared sodium fluoaluminate by melting aluminium chloride or sodium 
ohloroaluminate with sodium fluoride; and by treating tbe soln. of aluminium 
fluoride, <fl)tained by the action of hydrofluosibcio acid on china clay, with sodium 
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fiooride. H. Howard also reported processes for makiug what was called artificial 
cryolite. 

H. St. C. Deville pre^red sodium ttuoaluminate by meltiug sodium fluoride with 
aluminium fluoride; this binary system has been studied by P. P. Fedotiell and 
W. P. Ilinsky, and N. A. Puschin and A. V. Baskoff; they found the only compounds 
of the binary mixture were SNaF.AlFs, and SNaF.SAlFa, 
the latter being analogous with the mineral chioUle. The 
fusion curve is indicated in Fig. 57. There are two 
eutectics, the compound SNaF.SAlFj breaks up at 73.5’ 
into SNaF.AlFj and AlFj. The cooling curve of solid 
sodium hexafluoaluminate shows, at 600°, a break which 
is interpreted to mean that there is a polymorphic trans¬ 
formation into the variety stable at ordinary temp. It Fio..'>7. 
will be observed that the fall of the curve shows that the 
addition of sodium fluoride to cryolite reduces the fusion 
temp, from 1000° down to 735°. 

Sodium fluoaluminate prepared by the wet processes is a white powder resembling 
magnesia, but cryolite may occur in monoclinic prisms with axial ratios, according 
to J. A. Krenner.tt a:b: c=0’'J6625 :1 : 1'38824, and j3—H'.t” 4!)'; usually, however, 
it occurs massive. According to R. Nacken, the monoclinic crystals of cryolite pass 
into a cubic modification at about f)50°-570''; and F. t'ornu suggests that the 
cubic modification (SNaF.AlFjlj is isomorphous with cryolithiouite, bi.,Na;,AI.,F,o- - 
uii/e infrii. The colour varies from snow-white to yellowish or reddish-white ; it 
breaks in three directions with rectangular cleavages ; it is brittle with an uneven 
fracture ; and is translucent with a vitreous lustre. The hardness is between 2 and 3; 
and its sp. gr. between 2 95 and 31). The fusibility of cryolite was early noted by 
J. .1. Berzelius -it can be fused in the flame of a candle ; its m.p. is a little below UK)0° 
—N. V. Ussinggives920°. W. Moldenhauergives985°; F. R. Pyneand Y. S. Hard- 
castle give 10(X)°; N. A. Puschin and A. V. Baskoll give 1020°. The powder sticks 
together when heated to 870°. J. J. Berzelius noted that cryolite fuses at a reil 
heat, and, on cooling, forms an opaque glass; 0. Miigge found that on cooling molten 
cryolili', a crust with a skin of crystal skeletons resembling snow stars is formed. 
This crust is isotropic, and 0. Miigge therefore argues that the crystals ari‘ either 
cubic or hexagonal —probably the latter. J. Smithson found thul when the fused 
mineral is exposed to the air for a long time, it loses its ready fiusibility owing to the 
loss of hydrogen fluoride. R. Nacken also found that it cannot be heated in an open 
vessel at atm. press., without the sublimation of some aluminium fluoride; and 
0. Miigge noticed that when small fragments are heated they first become turbid, 
then clarify, and afterwards evolve vapours of sodium fluoride. P. Oeherg’s value 
for the sp. ht. is 0 2522, and A. July's value, 0'2618. The crystals have a techie and 
positive double refraction; J. A. Krenner’s value for the index of refraction is 1'304 
for sodium light; M. Websky's value for candle-light is 1'3343; and 0. B. Biij^gild’s 
value is 1'3390. T. Liebisch and H. Rubens studied the optical properties of 
crystals of cryolite in the infra-red sjiectrum. K. Newbery and H. l.upton noted 
that the colour of the salt suffered no change on exposure to radium-rays ; and 
there was a slight thermoluminesccnce. K. Arndt and H. Probst studied the 
electrolysis of cryolite—vide aluminium metal. When the crystals arc gradually 
warmed, D. Hahn found that they show a yellowish luminescence, which, with 
rather stronger heating, does not become paler, but with still stronger heating 
is lost. F. Kreutz found cryolite to be blackened by a jirolongcd exposure to the 
cathode rays, and decolorized by exposure to the sir for a few minutes ; he recalls 
J. W. Taylor’s and F. Kreutz's statements that cryolite from the deepest layers in 
the mines is black, and only when exposed to the air does the surface become white. 
E. Wartmann, and F. Bcijerinck say cryolite is a non-conductor of electricity, but 
H. St. C. Deville showed that it becomes a conductor and melts at a lower temp, 
if other alkali halides be present. * 

VOl. V. 
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F. Johiistrup ® aaya cryolite is easily attacked by atm. moisture. At 12°, 100 
parts of water dissolve 0'(t366 part of cryolite, and the solubility is augmented if 
carbon dioxide be present, K. Lauterborn proposed the decomposition of cryolite 
by boiling with water in order to extract sodium fluoride. L. Pfaundler observed 
no chemical action when bromine is passed over molten cryobte. F. Wohler found 
that when heat(al with ammonium chloride, some ammonium fluoride is volatilized, 
part of the sodium fluoride is converted into the chloride, and the product is 
more fusible than cryolite alone. J. J. Berzelius says that hydrofluoric acid is 
evolved when cryolitii is heated with cone, sulphuric acid; and F. Wohler found 
that both sodium and aluminium sulphates are formed, and a process by J. F. Persoz 
for the extraction of soda from cryolite was baaed on this reaction. F. Leydolt and 
H. Baumhauer have studied the etching figures of cryolite with sulphuric acid. 
F. Wohler detected no reaction when cryolite is boiled with a soln. of aluminium 
sulphate. N. N. Beketoff observed that aluminium metal is formed when cryolite 
is heated with magnesium; H. St. C. Deville observed a similar result when cryolite 
is heated with sodium. C. Tissicr observed no reaction when cryolite is boiled with 
a soln. of magnesium hydroxide, but L. Schuch observed that boiling soln. of sodium 
hydroxide form sodium fluoride and sodium aluminate. J. Thomsen’s process for 
extracting alumina and soda ((pc.) from cryolite is based on the decomposition which 
occurs when cryolite is heated with calcium carbonate or oxide, and subsequently 
leached with water. R. von Wagner proposed baryta in place of lime, but the 
substitute was too costly. K. U. Spilsbury patented a process in which cryolite 
was decomposed by heating it with milk of lime, and 0. Tissicr tried it, but obtained 
only a 33 per cent, yield. D. Sauerwein showed that at least six mols of lime are 
needed for one of cryolite if the decomposition is to be complete: 2 Na 3 AIB'o 
+70a(OU)., : 6 NaOU f (JafAlOalo f fiCaF^+IHvO. H. Bauer proposed melting 
cryolite with 2 i times its weight of calcium sulphate: 2 Na 3 AlFo-)- 3 CaS 04 
-. 3 Na 2 S 04 + 3 CaF. 2 -p 2 AlF 3 , and removing the soluble salts by leaching with water ; 
he also proposed boiling cryolite with a mixture of its own weight of calcium car¬ 
bonate, 30-40 parts of water, and one per cent, of sodium hydroxide. L. Bchuch 
also decomposed cryolite by boiling it with sodium siheate whereby insoluble 
aluminium silicate and soluble sodium fluoride are formed—the decomposition is 
incomplete. ,1. Lemberg observed that with a soln, of calcium chloride at 100°, 
part of the .sodium in powdered cryolite is replaced by calcium and paclinolitc is 
formed. 0. Nollner obtained similar results with soln. of calcium, barium, or 
magnesium chloride or strontium nitrate. J. Lemberg also studied the action of 
lead nitrate soln. on cryolite. E. I’aterno and IJ. Alvisi noted thi' slow evolution of 
hydrofluoric acid when powdered cryolite is heated with a soln. of oxalic acid. 

N. V. Ussing found rhombic dodccahcdra belonging to the cubic system in the 
cryolite at Ivigtut, Greenland. The composition corresponds with sodium lithium 
fluoalummato, LiaNasAhjl)’].,, and was named cryvUlhimnh’. The crystals contain 
liquid.inclusions and also cryolite. The cleavage is parallel to the faces of the 
rhombic dodecahedron; the sp. gr, is 2'77 ; the hardness 2J to 3 ; and the refractive 
index for Na-light, 1'3395. The m.p. is 710°, and when the magma cools, rectangular 
arborescent crystals arc formed. A litre ol water at 18“ dissolves about 0'8 part 
of the mineral. The mineral is said to be crystallographically related more to 
garnet, OasSisALOij, than to cryolite. F. Cornu ’’ said that the cubic form of 
cryolite is probably isomorphoiis with this mineral, Oryolithionitc contains a higher 
proportion of lithium than any known mineral. W. Cross and W. F. Hilicbrand 
found a native form of cryolite at Fd Paso (Colorado, U.S.A.) with about two-thirds 
of the sodium replaced by potassium, and the mineral was called elpasoUte. Tlie 
crystals are isotropic—cubes or octahodra. 

Two compounds of aluminium and potassium fluorides have been described, 
and also some hydrated forms. J. J. Berzelius precipitated potassium pentafiuo- 
aluminate, KjAlF^, or 2 KF.AIF 3 , by stirring an aq. soln. of aluminium fluoride 
with ihsutficient potassium fluoride for complete saturation—if a slight excess of 
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potassium fluoride be employed, he uoted that potassium hazafluoaluminats, 
1 VIF 3 . 3 KF, or K 3 A 1 F(), is formed; and that a permanent precipitate of K 3 AIFJ is 
formed in a soln. of alum, only when an excess of potassium fluoride is ailded. 
According to J. J. Berzelius, also, potassium pentafluoaluininate is formed, by 
digesting aluminium hydroxide with aip potassium hydrogen fluoride—the first 
portions of the aluminium hydroxide dissolve, but when more of the aluminium 
hydroxide is added, the salt KjAIFj separates out: eKHFo-t-AljOs^'iKoAIF, 
■|-3Hj)0-l-2KF; while if the gelatinous precipitate be boiled with the supernatant 
liquid, potassium hexafiuoaluminate, KsAlK,)-the potassiutn analogue of 
cryolite is formed, and if the boiling be contmued still further the salt is 
hydrolyzed and a basic salt is formed. ]j. §chuch obtuineil gelatinous aluminium 
hexalluoroaluminate by boiling aluminium hydroxide with potassium fluoride. 
E. Band used very dil. aip soln. of the component salt.s, and obtained it gelatinous 
preeipitatc whose composition corresponded with KsAlFj.iUILO. H. St. (!. Ueville 
also prepared the last-named compound by fusing aluminium chloride with an 
excess of potassium fluoride ; A. Uiiboin, by fusing ahiiiiina with potassiuin fluo- 
silicatc and an excess of potassium fluoride ; and N. A. Ptischin and A. V. BaskofI, 
by fusing together mol. proportions of the component salts. The curve resembles 
that shown in Fig. 53 ; there is a eutectic at 8.37 when 7 b mol percent, of aliimiiiium 
fluoride is present, and there is also another eutectic at 0 ( 18 ' with about 40 mol per 
cent, of aliiniiniimi fluoride is present; between the two eutectic jioints the curve 
rises to a maximum at lO.'W when the composition approximates to SKF.AIFj. At 
.b70’, there is also eviilence of the formation of a second conipoiind— potassium 
enneafluodialuminate, 2 AIF 3 . 3 KF, or K.,AI«F,|, the potassium analogue of chiolite 
-on t he cooling curve of mixtures with 25 to 40 mol per cent, of aluminium flu oride 
There is also a break in the cooling curve of AIF, 3KF at about 302", corresponding 
with the formation of a polymorphic variety analogous to that observed witli 
cryolite. .Mixtuies of the two Huoriiles with 35 mol per cent, of abiminiiim fluoride 
are rose-coloured. 

.According to J. .1. Berzelius, t.he precqiitated forms of the potassium tliio- 
aliiminati’s are gelatinous colloids with similar jiroperties. They dry to white, 
powders which give off their water at a red heat. They arc decomposed with the 
evolution of hydrofluoric acid, when boiled with suljihuric acid, and aliiniinium 
hydroxide is precijiitated from the soln. by ammonia. J. L. (Jay Lussac and 
L. J. Thi'uiard add that the gelatinous precipitate is but sjiaringly soluble in acids, 
and still le.ss .so in water. According to E. Baud, lot) grins, of water at 16" dissolve 
t)'385 grin, of the precipitated A 1 F 3 . 3 KF. 3 JH.,(); the heat of soln. is —20'22 Cals., 
and the heat of formation, 18-81 Cals. The m.)). of potassium hexafluoroaluminate 
is 1035". A. Uuboin has examined the optical projicrties of potassium cryolite; 
the double refraction is feebly negative, and while not establishing its isomorphism 
with cryolite, he says the two salts arc probably isomorphous. 

N. A. l'n.schiu and A. V. BaskofI obtained fusion curves for mixtures of aluininiuiii 
fluoride with rubidium and caisium fluorides; the curves arc, in general, similar to 
those obtained with potassium fluoride. With rubidium fluoride there is a eutectic 
at 791)" with 6'5 molar per cent, of aluminium fluoride; a maximum at 985" corre¬ 
sponding with the m.p. of rubidium hezafluoaluminate, SRbF.AlFj, or RlisAlFe; 
a second eutectic at 570°, and a break in the cooling curve of the hexafluoride at 350" 
is taken to represent a polymorphic transformation. Mixtures with about 35 mol 
per cent, of aluminium fluoride are rose-coloured. Similarly with caisium fluoride ; 
there is a eutectic at 685° with 5-5 mol per cent, of aluminium fluoride; a maximum 
at 823° corresponding with the m.p, of caesium hezafluoaluminate, 3 CSF.AIF 3 , or 
CsjAlPj; a eutectic at 490°; and a break in the cooling curve of the hexafluoride 
corresponding with a polymorphic transformation. Mixtures with up to 15 mol per 
cent, of aluminium fluoride are green; with 22 5 to 25 mol per cent., colourless ; 
with 28-5 to 31'5 mol per cent., rose-red; and with 40 mol per cent., colourless; 
N, A. Puschin and A. V. Baskofi say that besides NasAlsFj and K 3 AljjF|,<here is 
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evidence of the lormatiou of rubidium enneafluodialuminate, RbjAlaFs, but the 
compounds themselves have not been examined, and the evidence is inadequate. 
No solid solti. were observed with mixtures of aluminium and the alkali fluorides. 
The double compounds of the alkali and aluminium fluorides of the cryolite type 
MsAIFg, or .'IHF.AIFj, 

lit' Nat’ Kf lIliF t'sF 

M.,,. . . . SOO” 1020‘' 1030* 986* 823* 

Ti-iinsfoi'ination . • OOO* 3(Kt“ 350* 

J. J. lierzclius pri’pared pale bluish-green needle-like crystals of CUpric fluo- 
aluminate which he did not analyze. The crystals dissolve slowly in water; and 
R. F. Woinlaiid and 0. Kiipixm » found that aluminium fluoride unites with cupric 
iluorido to form three double salts. Undecahydrated cupric heptafluoaluminate, 
AIF 3 . 2 CUF.J. 11 H.O, or Cu 2 AlF 7 .nH.^O, is obtained from solii. containing 1 mol per 
cent, aluuiiniimi fluoride to 2 or more mol per cent, copper fluoride. It crystallizes 
in spherieul aggregates of blue leaflets and doe.s not etfloresce over sulphuric acid. 
Octodec^ydrated cupric dodeca&uoaluminate, 2 AIF 3 . 3 CUF 2 .I 8 H 2 O, crystallizes in 
deep blue prisms resembling fcldsirar, from solu. containing 2 mol per cent, aluminium 
fluoride to 3 mol per cent, copper fluoride in the presence of only small (luantities 
of hydrofluoric arid. If much acid is )>rosent, octohydrated cupric bydrohexa- 
fiuoaluminate, AlF 3 . 0 uF 2 .HF. 8 H 2 (), is formed; this crystallizes in large, blue 
rhoiidrohedra from solu. containing I mol per cent, aluminium fluoride to 1 mol per 
cent, or less of co])pcr fluoride and an excess of hydrofluoric acid, and effloresces 
ru))idly on exposure to tlu^ air with evolution of water and hydrofluoric acid. 

It is somewhat doubtful it double comiioumls of aluminium fluoride with the 
fluorides of the alkaline earths have been prepared. Fused mixtures of calcium and 
aluminium fluorides have a eutectic between 81.')° and 820°. V. Pascal and 


■ Air, 



Fro. 58. -Fusion Curves iu ttio Teruurv System : 
CaK, NaF-AlF,. 


A. Jouniaux's equilibrium diagram 
between cryolite and fluorspar is 
sliown in Fig. (i, where the dotted 
lines represent tlie soljdus curves, 
the continuous lines the liquidus 
curves. P. P. Fcdotielf and 
W. 1 ’. llinsky found the typical 
V-curve between calcium and 
aluminium fluorides witli the 
eutectic at aliout 80.5° and 52 per 
cent, of aluminium fluoride. They 
also studied tlic 111 .p. of ternary 
mixtures of aluminium, sodium, 
and calcium fluorides. The results 
ate shown in Fig. .58; the shaded 
portions of the diagram were not 
exirlored. F. Itoder* prepared 


crystals of barium fluoaluminate by fusing a mixture of cryolite witlr about 1J 
times its weight of barium chloride, and 10 times its weight of sodium chloride. 
The composition of the crystals did not agree closely with the formula BaF 2 .AlF 3 . 
Similar results were obtained with strontium fluoaluminate. It is ))robable that 


the product in each ease was a solid soln. of mixed crystals of two salts. The 
product was attacked by water. 

A. Ndllner digested powdered cryolite for three months at 100° with a cone, 
soln. of calcium chloride, and, after washing and drying the product at 100°, he noted 
that about five-sixths of the sodium had been replaced by calcium. He represented 
the product as 3 (iNa 5 Ca)F.AlF 8 .H 20 ; and the residue remaining after a six days’ 
digestion at 180°, by 3(JNa|Ca)F.AlF3.iH20. There is possibly here a reversible 
reaction: 3NaF.AIF3-|-CaClj,,.w^2NaCl,,,,-(-NaF.CaF2.AlF3. The reaction can be 
complothd if the cs^lcium chloride be in sufficient excess; indeed, J. licmberg 



ALUMINIUM . 309 

completed the conversion by digesting powdered cryolite for a month with a cone, 
soln. of calcium chloride. 

According to W. Flight's analysis, the mineral cciV/toIite found in the Greeulami 
cryolite bed has a composition corresponding with dihydrated calcium beptafluo- 
aluminate, AlF 3 . 2 CaF 2 . 2 Il 20 , or Ca 2 AlF 7 . 2 H. 2 O. The mineral pnchiohU —{tout 
m^vri, frost—is regarded as hydnted sodium calcium hezafluoaluminate, 
NaF.CaF 2 .AlF 3 .H 2 O. It was di.scovered by H. Kopp at Ivigtut. Greenland; 
F. Wohler called it pyroconite —from rri'p, fire; mmui. powder- because it falls to 
powder when ignited. Analyses were made by H. Ko])p, F. AVohler. G. Hagemann, 
and G. A. Kdnig. According to P. Oroth, the crystals are monoehnie wdth a.\ial 
ratios 0 : 6 : c=l'1626 :1 : 1‘5320, and )3=89" 40'; the hardness is 3 4 ; the s]i. gr. 
2’929, according to F. Wohler, and 2 923, according to H. Ko|ip : and index of re¬ 
fraction for sodium light 1’4119, according to 0. B. Boggild. H. Kopp noted that, 
when heated, hydrofluoric acid and water are given off. According to li. Ko])]!. the 
ratio Na : Ca is as 4 ; 3, and, according to G. von Bath, as 1:1. The mineral has 
been reported from Ivigtut in Greenland, and St. Peter's Dome in Colorado. 
E. S. Larsen and co-workers found a mineral which they called creediVc in the Hnorite 
deposits of Creede Quadrangle. Colorado. W. F. Foshag also examined tlie niinerak 
Its composition corresponds with 2 CaF 2 . 2 AI(OH, F) 3 . 2 H 2 D.CaS()j, which recalls 
the doubleil formula of paehnolite, 2 CaF 2 . 2 AlF 3 . 2 H 2 O. 2 NaF. It occurs in radiated 
masses which are colourless, sometimes showing delicate purple bands. The crystals 
are monoclinic with axial ratios n :h: c —1'16199 : 1 ; I'l.'ihi, and ^ ,3(1'. 'I’he 

cleavage is pinacoidal, |)arallcl to the (l(H))-face. The optic axial angles for Li-. 
Na-, and 'I'l-light are respectively 2y 64" 30', (14° 22', and 64 ’ 20'. 1 'he sp. gr. is 
2 713 to 2'73(). The indices of refraction are a l -iol, ^ 1'478. and y--l'4Hri, 
'I’he optical character is negative, 'fhe analogous mineral lh<nnsciiolilr has a similar 
composition; and, according to J. A. Krenner, it crvsfiillizes in the nionoclinie 
system with the axial ratios n : h : c-0'997.'i: 1 ; l (i329, and ^-. 86 ° 48'; the 
hardness is 2; and the sp. gr. between 2'93 and 3 0. 0. B. Biiggild gives the indices 
of refraction for sodium light as a = l’4()72 ; j 8 — I 'll.'Kl; andy- I'lbhO. It occurs 
at Ivigtut in Greenland ; St. Peter's Dome in ('olorado ; the I'ruls in Russia ; ami a 
aainph' has been reported from .fapan; it was also described by E. ISharsen and 
R. C. Wells. The white earthy mineral rcsenihling china clay, called ymrkmiili', 
has a comjiosition corresponding with Al(F.DH);,.('aF 2 .H 20 . It consists, according 
to P. Groth, of very small needles with a feeble double refraction. It occurs at 
Ivigtut and Evigtokit, in Greenland; St. Peter’s Dome in Golorado; and in 
the Urals in Russia. The monoclinic crystals of promptie have the composition 
2.\1(F, 0 H) 3 .Ua(F, 011 ) 2 , and, according to A. des Cloizcaux, the axial ratios 
n: 6 : c-1'3188:1: 0'5950, and j3:-Sj°40'; the hardness is between 4 and .3; 
and the, sp. gr. 2'88-2'89. It occurs at Altenbiirg in Saxony; at Schlaggenwald 
in Bohemia; St. Peter’s Dome in Colorado; Tovcle in Utah ; and at Mount 
Bischoff in Tasmania. A form of paehnolite contaminated with ferruginous 
matters—c., 17 , ochre--cryolite was called hti^emannile by 0. U. Shepard. F. .lohn- 
strup regards it as a decomposition product of cryolite and iron spar. Octahedral 
crystals, white or colourless, of ralstonite occur coloured more or less yellow with iron 
oxide, in the cryolite beds at Ivigtut in Greenland ; at St. Peter’s Dome in UVIorado ; 
and in Japan. The hardness is between 4 and 5 ; the sp. gr. 2'6. According' to 
0. G. Nordenskjold, S. L. Pcnfield and D. N. Harper, and K. Jimbo, the composition 
approximates (Na 2 , Ca, Mg)F 2 . 3 Al(F, OH) 3 . 2 H 20 , or(Na 2 , Mg)l!’ 2 . 3 Al(F, 0 H) 3 . 2 H 20 . 
A. Nollner prepared magnenmn sodium fluoaluminstes, AlF 3 . 3 (iNa,“Mg)F.H 20 , 
and AlF 3 . 3 (JNa§Mg)F.H 20 , respectively with five-sixths and two-thirds of the 
sodium in cryolite replaced by magnesium by digesting powdered cryolite 
with a cone. aq. soln. of magnesium chloride respectively for three months at 
100°, and for six days at 180°. By reheating the products of these operations 
with cone. aq. soln. of calcium chloride, A. Nollner obtained triple salts, UMg- 
ntsiiun caltdnm sodium fiuoalumin^— AlF 3 . 3 ('n;Nai^Ca^Mg)F.H 20 and 
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AIF3.3(/^Nai+5Ca^Mg)F.H20. F. Roder also prepared crystals of magnesium 
fluoaluminate analogous with those of barium fluoaluminate. 

J. J. Berzelius evaporated a soln. of zinc oxide and alumina in hydrofluoric acid, 
and obtained long, colourless, n(‘c<l!e-likc crystals probably corresponding with zinc 
octofluodialuminate» ZnF 2 . 2 AlF;{, or ZnAl^Fg, which were soluble in water, ammonia 
prccipitakd a hydrated zinc aluminate, or a mixture of zinc and aluminium 
liydroxides from tlie aq. soln. R. F. Weinland and 0. Koppen prepared hepta- 
hydrated zinc pentafluoaluminate, AlF'g.ZnFo.TH.^O, by mixing soln. of aluminium 
hydroxide and of zinc hydroxide or carbonate in dil. hydrofluoric acid, and evaporat¬ 
ing over lime. The product can b (5 crystallized in colourless needle-like crystals 
from dil. liydrofluoric acid. Small, greenish-white, rhombohedral crystals of hepta- 
hydrated ferrous pentafluoaluminate, FeF 2 .AlF 3 . 7 H 2 O, were obtained in a similar 
way. These crystals do not oxidize on exposure to air, or effloresce over sulphuric 
acid. Green crystals of heptahydrated nickel pentafluoaluminate, NiF 2 .AlF 3 . 7 H 2 O; 
and reddish-white crystals of heptahydrated cobalt pentafluoaluminate, 
O 0 F 2 .AIF 3 . 7 H 2 O, were similarly obtained by R. F. Weinland and 0. Koppen. 
White cry.stala of thallous dodecafluoaluminate, 3 TIF. 3 AIF 3 , were prepared by 
F. Kphraiin and [\ Barteezko by the action of a soln. of thallous fluoride in hydro¬ 
fluoric acid upon aluminium liydroxidc ; and by tlie evaporating on a water-bath a 
soln. of the theoretical (piantities of tlie component salts in just sufficient water for 
the dissolution. The crystals are so stable that they arc not com})letely decomposed 
by lieating tlu'm with a soln. of sodium carbonat<‘, or by heating with sulphuric 
aci<l. F. Fischer and K. Tldele obtained evidence of the existence of a lead 
Jltionluminale when lead carbonate is dissolved in a soln. of alumina in an excess 
of hydrofluoric acid. 
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§ 15. Aluminium Chloride 

Several investigators have reported the formation of an aluminium subcbloride, 
A 101 . 2 , nr Alt'], possibly analogous with indium monorhloride or indium and gallium 
dichlorides in the same family group. Thus, (Kriedel and Uoiix ' claim to have 
made it by passing the vapour of alumlnimn chlnride over metallic aliimininm heated 
just ti' the fusion point. The brownish-grey substance which is formed contains 
aluminium, chlorine, and silicon. If aluminium and aluminium chloride arc heated 
at 300°, in sealed tubes filled with carbonic anhydride, there is no appreciable action, 
but at .300’ (in the vapour of mercury) the aliiininiuin is slightly attacked, and largo 
crystals of pure aluminium chloride condense on the cool upper part of the tube. 
When the tubes ate heated by the vapour of sulphur, the aluminium is strongly 
attacked, and a greyish substance with a somewhat metallic appearance is deposited 
on the sides of the tube. This substance deconiposea water with evolution of 
hydrogen, and contains silicon, chlorine, and aluminium. C. Formenti and 
M. 0. Levi also reported the formation of hydrated aluminium subchloride by the 
action of metallic aluminium on a solution of aluminium chloride and the simul¬ 
taneous evolution of hydrogen. L. F. Nilson and 0. Pettersson say that the origin 
of the grey substance in C. Fricdel and L. Roux’s experiments must be attributed to 
the presence of traces of silicon possibly forming aluminium silicide ; and the lower 
proportion of chlorine in the product, to the formation of an oxychloride; and they 
add that “ there is no reason to believe in the existence of any aluminium chloride 
lower than AICI 3 ". , ‘ 
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The preparation of aluminiiun chloride* —Anhydrous aluminium chloride is 
obtained by the action of chlorine or hydrogen chloride on the metal or alloys of the 
metal, and also, under special conditions, on the oxide. In I860, F. Wohler 2 pre¬ 
pared aluminium chloride by passing a stream of chlorine over heated aluminium ; 
and the product sublimes. Aluminium leaf does not inflame of itself in chlorine 
gas, but R. Ikittger did get it to inflame when in contact with brass. C. A. Matignon 
says, that if the powdered metal, which has begun to ))urn in air, be immersed in 
chlorine or the hydrogen chloride, it continues to burn brilliantly. H. Gautier and 
G. Charpy found aluminium did not inflame in boiling liquid chlorine, but at —20° 
aluminium inflames with incandescence. H. D. Gibbs made aluminium chloride 
hy the action of chlorine on aluminium below 0°. .1. B. Cohen says that thoroughly 
(tried hydrogen chloride does not attack aluminium, but it does so if moist; and 
P. Askenasy patent<;d a process for preparing aluminium chloride, by passing gaseous 
hydrogen chloride over the metal heated by a sulpliur-bath. G. Gore found that 
aluminium dissolves in licpiid hydrogen chloride, forming a colourless solution. 
G. Gustavson, L. F. Nilson and 0. Pettorsson, K. Escales, E. Kohn-Abrest, and 
F. Stockhausen and L. Gattermann made aluminium chloride by passing chlorine or 
hydrogim chloride over aluminium heated in a wide, glass tube. i. Gattermann’s 
directions are : 

A liar<l jrlusH tulw 1*5 to 2 cin.s. diuttieter i.s drawn to a narrow tul)e at one end which 
is to bo eonnectod with a train of two vvaMli.t»ottlc«, containini? Hulpimric acid and oonnocted 
with a gc'nerntor dohveriiiK liydrojion chloride. Tlio waKh-botlles aljould bo fairly large 
Hince the acid w liable to foam with a rupii! ctnTctd of hydrogen ehlondo. Tho wide end of 

the hard glass tube is fitted by 
nutans of a cork into a wide- 
iHwked bottle ; the cork is also 
fitted with an exit tube, 8 mrn. 
in diameter, <ta, oxtonding from 
tho middle of tho bottle, and 
loa<ling to the fume (diarnl)er. 
An asbestos board A is also 
arrangcil as m Fig. 59, to pro¬ 
tect tho bottle from tho heat of 
. the furnace. The tube is fitted 

riu. 09.- I he I reparation of Aluminium (Jhlorido. with an asbestos plug, then with 

. , , . enough aluminium aiuvvings to 

half nil the tube wlum laid horizontally, and finally u second asliostos plug is placed 
at the end of the layer of uiumiimim Hlinvitigs. Tho shavings should hnvo been 
pivviousiy washed free from oil or groasi' hy boiling them with alcohol, and then drying 
' -ii! ii nir-butli. TIm' tube is then laid in the furnace as indicated in Fig. 69 

w'lth the asiH'stos board and bottle as clow' to tho furnace as possible. ' \ rapid stream 
of hydrogen chlondo is passed through the apparatus to drive out ‘he air as shown 
when the exit gas is completely absorbesf by water. The tul)o is then heated through- 
out Its entii-o length lirst with a small flame and then with a gradually increasing 
name. Jhe vapours <»f aluminium chloride collwt in the bottle, and tho reaction is ended 
M soon as the almmiinun has disappeanul from the glass tube. The aluminium <-hlorido 
IS prtwryod by well closing ihe bottle, or in a desiccator. L. Gattermann states that for 
succoM, the following points require attention : (1) All parts of tho apparatus must be 
perfocfiy <lry. (2) The air must Iw ixmioved ns completely as possible, since, otherwise, 
an exp osion of o.xygen end hydrogen may take place. (3) Tho portion of the tube extending 
beyond the furnact' inust bo as short ns jwssible, to prevent tho aluminium chloride from 
uondeiiBing m it, which results in a stopping up of tho apparatus. Jn onier that the cork 
burn, It 18 piotix'leil by an asbestos plate, provided with a circular hole in the centre. 
{*) 1 no aJtmmuim must not bo heated to inoUiiig. If this should happen at any particular 
point, the namos mu^- be immediately lowered. (6) The hydrochloric acid current must 
L rapid. One sliould not bo able to count single bubbles of the gas, but they 

should follow one another uninterniptedly. The evolution of a small quantity of a smoky 
vapour from the outlet-tube will always occur, but the greatest part of the aluminium 
chloride is condensed even if the hydrogen cliloride rushes through the wash-bottles. Should 
the first experiment be unsuccessful, in consequence of a stoppage of the tube, the method 
for correcting this will readily suggest itself. 

H. N. Warreu heated an alloy of aluminium with, 90 per cent, of iron in a stream 
of ohlotine, and purified the product by redistillation over iron turninj^; and 
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C. F. Mabery heated an alloy of aluminium with 60 to 86 per cent, of copper in a 
graphite retort in a stream of hydrogen chloride and claimed that the product was 
free from iron and silicon. H. Rose found aluminium metal reduced potassium 
chloride to the metal with the formation of aluminium chloride; F. It. Michel 
obtained a similar result with sodium chloride; F. Flavitzky, with zinc chloride; 
and A. Cossa, withWrcuric chloride. Neither F. Wohler nor F. Flavitzky obtained 
an appreciable reduction of magnesium chloride by aluminium. The Aluminium 
Co. has patented the. production of the chloride from aluminium dross. B. T. Brooks 
treated the molten metal with chlorine under press. 

In 1825, H. C. Oersted first jirepared anhydrous aluminium chloride by passing 
chlorine gas over a heated mixture of alumina with carbon. True, It. Welu^r has 
shown that at a white heat, a percejitible quantity of aluminium chloride is formed 
by the action of chlorine gas on alumina, 2AL03-f6CU - 4A1(\ | liOo. hnt the 
reaction is incomplete, and it procei^ds with great difficulty, in marked contrast 
with the comparatively vigorous action of chlorine on a heated mixture of alumina 
an<l carbon whereby carbon monoxide is simultaneously formed : AloO^ j ^C-l «lClo 
--3C04-2Al(’l3. The heat of formation of aluminium oxide. AUOy, is 301’6 Cals.; 
and of aluminium chloride. AICI3,161'4 (’als. Consequently, the heat of tlie reaction: 
AI2O3 f3Cl2 —2AICI3-I-3O, is 322‘8-380‘2-- - 57'4 Cals., so that tlte reaction is 
endothermal. The h'^at evolved during the formati«»n of carbon monoxide is 
29-2 Cals., so that in the reaction: AM)3-|-3CL | 3C 3('0'1 2AICI3. 322*8487'6 
—38()-2--3()'2 Cals, are evolved. Hence, it may lie said that the energy evolved 
during the combustion of the carbon is utilized in jiromoting the docomposition 
of alumina. 

F. Wohler n'eomnieiHhHl robbing preripiUiteii jiluimnium hydroxide inlo a tliiek ptwte 
with powdered ehnrcoal, sugHr, and oil. The n 1 lx^ur»^ was earboinzeil by lieating it in a 
eovered erneible, and then packed into u pon-elnin tuVie, connei-teil at one end with a tid>e 
delivering dried chlornie, and at the other end with a tubohited glass voasel for the escape 
of the gas. As soon as the tube is filled uilh chlorine gas, heat is aj)plic<l, and uhimininin 
chloride carrieil along by t lie at ream of carbon monoxide, condenses partly as a powder in the 
glolie, and partly in transparent yellow drojis which solidify to a crystalline roIkI at (he end 
of the porcelain lul>e which may thereby be <-hoked up. Aecoiding to H. 8t. Jtoville, the 
carbon monoxide is usnally ac<-ompanied by some silicon tetrai'hloride and possibly also 
carbonyl chloride. At the end of the ojierntion, the solul’s detached from the tulio by a 
strong iron wire, and mixed with (he powder which collects in the receiver. J. von Liebig 
recommended purifying the pnxluct by sublimation in a small r»*(ort. Any oxidizing gases 
present should lie removed, und I’. A. Kavre accordingly recomimaidcd heating the chloriiio 
with some producer gas so as to remove the free oxygen. Jf tlie alumina lio contaminated 
with potassium sulphate, J. von Liebig showed that some jiotossium sulphide or sulphur 
chloiiile may lie formed and that the latter will contaminate the alummiurn cliloriile. 
Hence. von Liebig takes K|M‘clal precautions to ensure the abw'iice of sulphates, and he 
mixeil an a(p soln. of aluminium chloride with powdered sugar or starch, and ignited the 
dried moss m a cIosikI voascl. The carhonizcil mixture was tlien treateii w'lth clilorino as 
in F. Wohler s process. H. Hiinsen, and H. St. ('. I><*ville have deHcrilied apparatus for the 
preparation of aluminimn chloride by this process. Crude aluminium chloride has a yellow 
tinge usually attributed to the [iresence of feme chloride, but supposed by B. WoIht to 
be duo to the presence of an aluminium thio-chloriile, or free chlorine. R. Weber ri'com- 
inended purifying the yellow aluminium chloride by mixing it with aluniitiiuin powxler and 
then rosubhming it under a slight press.; J. B. A. Ihmias used a similar prix ess, hut ilie result 
under ordinary atm. press, is not so good as when a small press, is useil. K. St. ('. Deville 
passed the vapour of the crude aluminium chloride over heated iron turnings, which trans¬ 
forms any volatile ferric chloride into less volatile ferrous chloride; and any sulphur 
chloride into a mixture of ferrous chloride and siilphkle, FeClj and FoS. 

The formation of metal chlorides by the action of chlorine on a heated mixture 
of the oxide and carbon is sometimes called Oerefal's reaction. H. 8t. C. Deville 
showed that gaseous hydrogen chloride acts in a similar manner to chlorine. 
The reaction also proceed if volatile carbon compounds be mixed with the chlorine 
or hydrogen chloride which is passed over the heated oxide—for instance, P. A. Favre 
conducted a mixture of naphthalene vapour and hydrogen chloride over heated 
alumina; and H. N. Warren used a mixture of petroleum yajiour and chlorine or 
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hydrogen chloride. A carbon chloride can be used in place of the mixture of hydro¬ 
carbon and chlorine—for instance, K. Demar 9 ay, P. Camboulives, and H. Quantin 
used carbon tetrachloride; K. Chauvenct, C. Baskerville, and W. Heap and 
E. Newbery, carbonyl chloride ; and H. N. Warren, chloronaphtbalene. L. Burgess 
heated aluminium carbiihs with hydrogen chloride. F. P. Venable and 1). H. Jack- 
son found the reaction is satisfactory at 450'^. E. K. Wolcott heated oil-shales 
to get the oils, and treated the carbonaceous residue with a chloridizing agent 
to get aluminium chloride. A. McD. McAfee, G. H. King and G. 1. Roberts, and 
Ij. S. Abbott modified the process in a number of ways. 1>. F. Smith and H. Essex 
treated aluminium carbide with chlorine. G. H. King and G. I. Roberts heated 
alumina over KXXP in a stream of chlorine and jirodueer gas. For the direct 
preparation of aluminium chloride from clays, vide alumina. 

Sulphur compounds can be used in place of carbon compounds- for instance, 
I*. Gurie bcated alumina or cliina clay in a mixture of carbon disuljiliide and hydrogen 
cliloride—if carbon disulphide be used alone aluminium sulphide is formed, and this 
is converted by hydrogen chloride ijito aluminium chloride ; similarly, C. A. Matignon 
and F. Bourioii heated the alumina in a nuxture of chlorine and sulphur chloride : 
4 Al 20 ;t-j- 3 S 2 Cl 2 -1-9012■--8AlCl3-(-fiS02. The Oonaortium fiir Elektrochcmischo 
Industrie Gcsidlschaft passed sulphur chloride and chlorine over a heated mixture 
of alumina and carbon. Tliey found that the first product condensed is an addition 
com[)ound of S 2 CI 2 and The components can he separated by distillation. 

G. Berger and W. Kulmc heated clay with pyrites at 2 (MP, and the resulting product 
was mixed with carbon and boated in a stream of rhlorii\e to volatilize the aluminium 
chloride. The latter was mixed with sodium and strontium chloridi', fused, and 
electrolyzed for aluminium. According to H. B. North ami A M. Hageman, alumina 
is not attacked by sulphuryl chloride at 2(XV\ F. W. Hall heated a mixture of 
alumina, sulphur, and chlorimv Further, H. Rose found tliat alumina is converted 
into the cliloride by ri'pcated calcination with an excess of ammonium chloride; 
R. Web(‘r, and A. Dauhree used phosphorus chloride, PCTj, and obtained both 
aluminium cldorMe and the. double compound AlCl^.l^Otj; while L. Troost and 
P. Hautefeuillc found that horon trichloriile, ROl;i, or silicmi tetrachloride, 8 i 0 l 4 , 
can be used for chlorinating alumina. G. Gore found that alumina is transformed 
into the ehlorido by lirpiid hydrogen chloride without passing into soln. The 
Armour Fertilizer (Jo. treated the nitride with chlorine. 

K. Baud found that commereial aluminium chlori<le contains carbonyl cbloridi‘, 
and it is purified by fractional sublimation in a stream of nitrogen or hydrogen. 
E. Biilmann prepared sublimed aluminium chloride for use in organic chemistry 
by charging a test tube (0*35 xlH cm.) with 10 grms. of aluminium chloride. 

Surnitimt Ui" lower part of th' tubo witli iron gauze, olaHG’tho month of the tul )0 
witli a slii'Ct-iron cover, iiuU urup tho upper part of the Intio with cotton cloth. Heat the 
tub;) with a hnuaeii burner, allowing cold water to drop steadily on tho cloth during the 
heating. Yield, 37-38 grms m 20 mimitos. 

According to F. Wohler, when anliydrous aluminium chloride is exposed to the 
air, it rapidly deliquesces, forming a clear litpiid ; the chloride also dissolves in water 
with a hissing noise and the development of much heat. A similar soln. is obtained 
by dissolving tho metal in hydrochloric acid, by saturating hydrochloric acid with 
alumina, and by the double decomposition of soln. of aluminium sulphate and barium 
chloride—with calcium chloride, K. Thorey ^ found a double calcium and aluminium 
chloride is formed. According to P. A. von Bonsdorff, when the aq. soln. is spon¬ 
taneously evaporated in dry air, or, according to T. Gladycz, in vacuo, crystals 
of hez^hydrated aluminium chloride, AIOI 3 . 6 H 2 O, arc formed. £. Borsbach 
found similar crystals to bo precipitated when hydrogen chloride is passed into 
or when cone, hydrochloric acid is added to a cold cone. soln. of aluminium 
chloride. L, M. Dennis prepared hexahydratod aluminium chloride of a high 
degree of purity from the salt of ordinary commercial purity by the following 
process :* 
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Commercial anhydrous aluminium chloride is dissolved in water, and, after lx>ing 
filtered through glass wool, is mixed with cone, hydrochloric acid, and the soln., cooletl with 
a freezing mixture, is sat. with dry hydrogen clilorido. Tlie crystals which rapidly form 
arc washetl by decantation with cone. hydro<-hloric acid until fn'e from iron, and the*excess 
of acid is removed os far as possible by the aid of the ptunp. Tlio crystals are then plactyi 
on porous tiles and exposed to the air until fnn' from hydrogen chloride ; in moist air, aaler 
is absorbed, but if kept at 20® their weiglit becomes constant after about 48 hi-s. The 
crystals, AlClj.fiH^O, do not change when lo'jit over sulphuric acid, but if heateil in a 
stream of dry hydrogen chloride, a basic salt is formed. 

0. von Hauer prepared crystals of the same salt by lieating aluniiniuin liydroxido 
with cone, hydrochloric acid in a sealed tube, and then cooling the soln 11. Howard 
passed hydrogen chloride into a cone. aoln. of ulundniuin eliloride, and waslied the 
crystals which separated with a soln. of basic aluminium chloride; and (1, A. Wane 
obtained aluminium chloride by the action of hydrochloric acid on leucili*, and 
saturated the hot .soln. with hydrogen clduride in order to precipitate the aluminium 
chloride, and leave tlie potassium chloride in soln. According to E. Luliar.sky. if 
dil. soln. are cooled to they deposit crystals of enneahydrated alumiiuam 
chloride, AU'l.j.lllLO, but the equilibrium diagram of the binary system AICI 3 —ILt) 
has not yet been e.xplored. 

The a(j. soln. loses hydrogen chloride when I'vajiorated, jiarticnlarly at elevated 
temp., and if tlie evaporation is carried to dryne.'is, . 1 . Ordway found a basic product 
is formed which is completely soluble in wat(*r, and witli repeated evajioration mucli 
alumina or aluminium hydroxide is formed. A.h in tlie ease of magnesium clduride, 
the evaporation of the soln. in a stream of hydrogen chloride enables tlie soln. to be 
(tone, without forming the hydroxide. U. L'^y computed the degree of hydrolysis 
of a<j. soln. of aluinimum chloride from their elTect on the inversion of (taiie supir. 
and found a -.ItA’-soIh. is 8 H per cent, liydroly/.ed, a ,’-/Y-soln., 13 8 per cent.; a 
|l,-iV-soln., 20'1 per cent. ; a ,4,;A'-soln., 28’7 per cent.; and a ■^\y.N soln., il '8 jier 
cent, hydrolyzed. The hydrolysis is thus smaller than with ferric chloride in agree¬ 
ment witli the stronger ba.sic properties of ;\I(() 1 I )3 over F(‘(OH);{. H. de rieriarmont 
found that if an a(p soln. be strongly heated in a scaled tube anhydrous aluimna 
.separates out. P. A. von Bonsdorll' says that the crystals do not efllore.sce when con¬ 
fined in a desieenvtor over sulplniric acid, but they (i('li(jiiosce ru])idly in an ordinary 
atm. r. Sabatier ob.served very little change after the ervstals had beim confined 
over sulphuric acid m vacuo during tlie summer months. The crystals do not imdt 
when h(‘ated,but they give olT water and hydrogen chloride,heaving 21 ^05 per cent.of 
aliiimnu as a residue in the {(.inn of the original crystals. The anhydrous chloride 
cannot be obtained by heating the liydrated salt. E. A. (looeli and K. M. Mct’lena- 
ham found that the speed of dehydration of aluniiniuin eliloride is reduced by 
hydrogen ehloride below 130’, but above tliis temp . as also in air, water and hydrogen 
chloride are simultaneously evolved; they assume that the wat(‘r is intimately 
associated with tlie clilorine in the molecular complex and can b<i rejiresented by 
the graphic formula: 

HH HH 

(io.o .A1-O.O.t'l 

H li H.O.H H H 
H. 6 .H 

ci 

Contrast this with the behaviour of the hydratinl barium and magnesium 
chlorides. W. Madelung also worked on tlie constitution of aluminium chloride. 
E. P. Kohler has shown that aluminium chloride in uq. soln., or in any solvent 
known to combine with it, has a molecular weight in agreement with the formula 
Aid;,, whereas in a saturated indifferent solvent like carbon disulpliide, the molecular 
weight is Al 2 Clfl. It is assumed by A. S. Cushman that the linkage —OfHg)—OfHg)— 
is not strong enough to hold the large complex together, while the linkage 
—Cl=Cl— can do so. . ' 
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The properties ol aluminium chloride.— According to F. Wohler,‘ and 
H, St. C. Devillc and L. Trooet, anhydrous aluminium chloride forms colourless or 
white hexagonal plat(‘.s which K. Seubert and W. Pollard say arc comj) 08 cd of three 
individuals twinned together, and they show rhombic symmetry. The angles of 
extinction are 12(P, and the crystals are optically negative. C. Friedcl and L. Roux 
obtained fine cry.stals by heating the salt in a scaled tube to about 400*. According 
to F. Wiihler, hexaliydrated aluminium chloride forms “ regular six-sided prisms 
with the terminal faces of a rhombohedron ” belonging, according to L. M. Dennis 
and A. H. Gill, to the trigonal system with the axial ratio a: e= 1: 0 5356, and 
a- 11 r 10'. The double refraction is strong, and the refraction index about 1'6. 
W. Biltz and co-workers gave 2'398 to 2'440 at 2074“ for the sp. gr. of aluminium 
chloride, and the mol. vol., 54 7; and at 190“, the sp. gr. of fused aluminium chloride 
is 1'3.3, and the mol. vol. IfX). W. Biltz and A. Voigt gave for the sp. gr. 1'33 at 
190"; l'31at200“; l'28at2IO“; 1'2.55 at 220“; and 1-23 at 230“, The coeff. 
of thermal ex])ansion of the liquid is therefore 0'002. 

•f. von Liebig noted that when heated under atm. press., small rpiaiitities of 
anhydrous aluminium ehloriile can be volatilized without melting, but large quanti¬ 
ties when rapidly heated, melt and boil. F. Wohler found the more or less impure 
salt melts when heated under petroleum, forming a brownish-red liquid which does 
not dissolve in the oil. In a scaled tube, K. Seubert and W. Pollard found the salt 
melts between 193“ and 194“; and C. Friedcl and .1. M. Crafts give the m.p. between 
186" and 190° at 2'.5 atm. press. Hexahydrated aluminium chloride decomposes 
when heated without melting. According to ,1. von Liebig, anhydrous aluminium 
chloride boils between 180“ and 185", and (I Kriedel and .1. M. Crafts found the 
b.p, to be 167'8" at 0'.33 atm. press.; 171'r at 0 41 atm.; 175'7° at 0'57 atm.; 
t82'7” atO'99 atm.; 204'2° at 2 37 atm.; 207'5“ at 2'64 atm.; and 21.3“ at 3'6 atm. 
press. According to L. Koliujanz and W. Suchodsky, the critical temp, on the 
absolute scale is 629 r)” K. and the sublimation point 456" K., and the ratio 
Tb/^»“* 1724. The sp. ht. of aluminium chloride was found by F,. Baud to be 
0'188. ,1. Thomsen found the heat of formation lAU,Clo) to be 32l'87 Cals.; 
(AljCIo, aq.), L53'69 Cals.; and (AI. 2 , Cl,,, aq.), 47rv.56 Cals. M. Berthelot gives 
A1(0H)3-)-3HCI„,|.- 18’6 Cals. H. E. Somermeier found the heat of di.ssolution of 
aluminium in llC'l t-ltl-lSHjO to be 128 06 Cals, per gram-atom. P. Sabatier 
found the heat of soln. of AlCI., in 9(K) mols of water to be 26'4 Cals, at 15'5“. 
K. ijaueh found the sp. ht. of soln. with N eq. of aluminium chloride per litre to be 

N . . . 0-5 l-O 2 0 .t o 4 0 

Sp. lit. . . 0 IIMI3 0 il2,')7 U'8(I32 O'SOtlS 0-7630 

H. fit. 0. Deville and lo Troost found the vapour density at 350° and 
at 440“, t)'34, when the calculated value for .ALCle is 9-25. C. Friedcl and 
J. M. Crafts also found that between 218" and 432“ the ehloriile has a vapour density 
of 9-19 in accord with the formula ALtls- According to L. F. Nilson and 
0. Pettersson, the chloride di.saociates as the temp, approaches 758" when the vapour 
density is 4-802. At 800“ the dissociation is complete, for the vapour density is 
4-642 at 835“. and 4 557 at 943". This corresponds with the formula AlClj, whose 
theoretical vapour density is 4-6. Towards 1117“ there are signs of a decomposition, 
for the vapour density is then 4-269, 4-247 at 1244°, and 4 277 at 1260“. It is 
therefore inferred that the mol. has the formula AljCln below 440“; that it is partially 
dissociated Al 2 Clae=s 2 AlCl 3 between 440“ and 600“; and above 600“, the mol. has 
the formula AlOls (Fig. 60). V. Meyer and H. Ziiblin add that aluminium chloride is 
partially dissociated above 100°. A. Werner found that in pyridine soln. the mol. 
is probably AICI 3 ; E. Beckmann obtained simitar results for soln. in ether; and 
E. P. Kohler for soln. in boiling or freezing nitrobenzene. E. P. Kohler showed 
that the formation of addition products with pyridine and nitrobenzene vitiates 
the mol. wt. determinations in these solvents unless precautions be taken to correct 
the results. Accordipg to W. Biltz, the f.p. of aq, soln. agree with the assumption 
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that the mola. ate associated, not less than AljClj, but E. P. Kohler has shown that 
in water soln. or in any solvent that is known to combine with it, aluminium chloride 
has a mol. wt. corresponding with the formula AICI 3 , whereas in an indifferent solvent 
like carbon disulphide, it has the doubled mol. wt. 

J. R. CoUins measured the ultra-red absorption spectrum of soln. of aluminium 
chloride. W. Jevons found aluminium chloride becomes phosphore-seent when 
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exposeil to active nitrogen. H. iiufT .stated tliat fused anliydrou-s aluminium 
chloride enii be eleidrolyziMl, but W. lfam}»o states that if iiuite jmre tin* molten 
salt does not conduct electricity. \V. Riltz and A. Voigt found tlie dwtrical con¬ 
ductivity increases from zero at ordinary temp, to 10 ^ mhos at tin* m.p., when it 
drops abru])tly to zero, and slowly rises again, Fig. 61. 

111'.^ nU' IS-r ISll-" •'Oil'* 'Z'iT li45* 

MhosxlO* . . U-2U 0-70 2-() T) U 0 50 O'SO Id 


Observations wore also made by A. Rmirath. H. Ley found the mol. conductivity, 
ft, of a mol of the salt AK’lj in v litres of water to lie: 

V . .32 04 12H 2r,0 512 1024 

fi . . HiOO 114 1 12;i-S l.'U-O 138-0 

ami ho also studied the degree of hydrolysis a.s indicated abo^•e. According to 
H. J. Meyer, the eip comluetivity rises from 99 !) for a soln. of a mol of AIOI 3 in 32 
litres to 138 for a dibit ion 1024 litres; so that A 1024 - A;v> is 38-1, a little greater than 
for scandium chloride. For tcrvalent .salts this difference usually amounts to about 
26 units, and the increased value with aluminium ami scandium chlorides is explained 
by the high ionic mobility of the hydrogen ions of the acid set free by hydrolysis. 
H. i'. .Jones and F. H. (ietinan have calculated the degree of hydration of the salt 
in cone. aq. soln. from the electrical conductivity and the f.p. of aq. soln. 
A. Heydweiller measured the sp. gr. and electrical conductivity of soln. of aluminium 
chloride. A. R. Rryan measured the conductivity of flames charged with aluminium 
chloride; and F. E. Bartell and D. C. Carpenter studied the rate of osmosis. 
F. Guthrie found that a mixture of hexahydrated aluminium chloride with three 
to four times its weightof icegave asoln. at —13“, F. K. Bartell and D. C. Carpenter 
measured the difference of potential of water and soln. of aluminium chloride 
separated by a permeable membrane. F. E. Bartell and 0. E. Madison found that 
in the osmosis of soln. of aluminium chloride, the membrane becomes electropositive 
to the soln., and the soln. side of the membrane is electropositive, and the osmosis 
is positive. F. E. Bartell and L. B. Sims studied the swelling of colloidal membranes 
by soln. of aluminium chloride. 

G. T. Gerlach found 100 grms. of a sat. soln. contained 4113 grms. of aluminium 
chloride, AICI 3 , at 15®, and the sp. gr. of the soln. was 1*364; aq. soln. containing 

Per cent. Aia,. .5 10 15 20 25 30 36 40 

Sp.gr. . . I'OSOl 1*0734 M125 M637 1*1968 1*2422 1*2905 1*3416 
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F. Wohler noted that anhydrous aluminium chloride fumes in moist air, and 
smells of hydrogen chloride. According to M. Berthelot, when heated with oxygen 
to redness, there is a partial disjilacement of the chlorine, either due to the formation 
of an oxychloride or to the balanced reaction: 2 Al 203 -{- 6 Cl 2 T=s 4 AlCl 3 -f 3 O 2 —the 
heat of formation of AI 2 O 2 is 3ltl'6 Cals., and of Al 2 Clg, 30T8 Cals. 

P. Hautefeuille ami A. I’errey ^ prepared what they regarded as aluminittm 
oxychlorides by the combustion of aluminium in a mixture of vapour of aluminium 
chloride and oxygen; and in a mixture of chlorine and oxygen. The composition 
of the products was indefinite. The white crystals are decomposed by water, and 
dissolve in dil. acids and alkalies. D. Tommasi reported that aluminium acts 
briskly on cupric chloride at ordinary temp., forming copper, hydrogen, and an 
aluminium oxychloride whose composition varies with the temp.; and he added 
that if aluminium be allow(sl to act on the product, an oxychloride of the com¬ 
position AlCl3.f)AI(0iI)',),6H20 is produced. A soln. of this compound is decomposed 
by a drop of sulphuric acid with the precipitation of aluminium hydroxide; 
it is sparingly soluble in acid, and is possibly an isomeric modification of the 
hydroxide. 

L. Liechti and W. Huida examined the solubility of aluminium hydroxide in 
soln. of aluminium chlorich^, and they found that when the former is added 
to the latter in quantity sulticient to form the basic salt Al.jC^fOHlj, the 
alumina dissolved oidy on heating and the soln. remained clear on cooling. To 
this clear soln. a further ([uantity of aluminium hydroxide was added sufficient to 
form the. compound Al 2 (Il 2 (GIl) 4 . It was, however, found that no more alumina 
could bi! ma<le to dissolve, the precipitate even increasing, and on filtering it was 
found that the soln. contained an equal number of mols of normal AljCln and of HOI. 
The nascent Ab^OlafOllij had apparently decomposed according to the following 
formula: 7Al20l2{OlI)4-l-2H.2O -.'iAl2(OIl)o-|-2Al2Cla-l-2H01. In the same way it 
wasprovi'dthat.onaddingaluminiumhydroxideto A 1 .,(S 04)3 soln. sufficient to produce 
the basic compound Al 4 (S() 4 ) 3 (()H)j, no alumina at all dissolved, the filtrate only 
containing Al 2 (S 04 ) 3 . Here, too, we must suppo.se that the nascent basic compound 
decomposes as follows: Al 4 (S 04 ) 3 ( 0 H)j -AI.>(0H)3-t AUfSOjls. H. Schlumberger 
prepared a colloidal form of aluminium hydroxide which he regarded as having the 
composition Al 30 i 4 Hi 3 , and he found it to dissolve iu cold dil. hydrochloric acid, 
forming a viscous opalescent liipiid which gives a gum-like coagulum supposed to 
be a hydrochloride Al 30 j 4 H||,.H('l, but is more likely to be colloidal alumina with 
adsorbed acid—similar remarks apply to the nitrate, acetate, and sulphate. Accord¬ 
ing to M. Adolf and co-workers, it i.s impossible to remove all the chlorine from the 
products of hydrolysis of aluminium chloride by washing. A quantity of chlorine, 
which is greatly in excess of that contained iu the hydrochloric acid required for 
peptization, always remains. On boiling well-washed aluminium hydroxide with 
dil. hydrochloric acid, sols of various compositions are obtained up to a limiting 
composition represented by the formula [A1(0H)3 12 , AlOCl. Of these, two have 
been investigated. Aluminium bydroxydirhlonde, AIVU.OK, behaves as a ternary 
electrolyte, and, on ddution, it is strongly dissociated, the process being complete at 
a dilution O IIOlOtiN. This compound shows a remarkably small degree of hydrolysis, 
amounting only to O'l per cent, at 0'068iV, and in a O'OOlOfiiV soln. is only 0’25 per 
cent. The compound aluminyl monochloride, A1(0H)2C1 or AlOCl, behaves as a 
binary electrolyte. The conductivity data indicate that a complex ionization occurs 
in this case of the. type AlfOHljCl | AlO, indicating a compound in which one 
aluminium atom of the complex acts as the central atom of a negative complex, 
whilst the other furnishes a stable univalent positive ion. The peptization of 
aluminium hydro.xide leads to a sol of the composition 2 [A 1 (OH) 3 ]A 1 (OH) 2 C 1 , and 
this on dilution undergoes complex ionization represented by the formula;: (1) 
IOA1(OH)3.4A10C1.A10 1 Cl; (2) 12.A1(0H)3..')A10C1.A10 | Cl; (3) 16A1(0H)3. 
TAIOCI.AIO I Cl. On the other hand, no complex ionization of the form 
A1(0H)|4 I AlO has been observed in the case of aluminium hydroxide. 
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According to 0. C. Ralston, the reaction between moisture and aluminium chloride olU*n 
does not take place at once, b\it the hydrochloric acid is given off slowly on standing. If 
the surface of a mass of anhydrous oluininhiin chloride is allowed to “glaze” with a coat*, 
ing of aluminium chloride hydrate {AlClj.OJIjO) and the mass is then sealcil in a tight con* 
tainer, the water of the hydrate slowdy diffuses to the remaining anhydrous material and 
reacts to form aluminium oxide and hydrochloric acid gas. the reaction proceeds the 
pressure of the gas finally becomes strong enough to burst the container. A glass bottle 
tilled with aluminium chloride which has been exposed to the open air for a few ininutos 
before being placed in the bottle may blow its stopper in this wayt-. Large druim tilled 
with the commercial protUict have been known to “explode,” probably from this cause. 

When aluminium chloriilc is lioated with water vapour, H. Kunlieim noted tlie 
formation of hydrogen chloride and aluminium hydroxide. H. Rose stated that 
when distilled with sulphur trioxide it forms chlorine, sulphur dioxide, and aluminium 
suljdiatc. K. Weber studied the reaction between aluminium chloride and suljduir 
chloride, SoClo, and he observed the formation of a double comjiound, 2 Al('l 3 .iSCl 4 ; 
0. Ruff also prepared AIOI 3 .SCI 4 by the action of suljiliur chloride, St'l^i soln. of 
aluminium chloride in sulphuryl chloride, SO.X’l^, thus: 3SCU4 AlC’l 3 --AlCl 3 .iS(’l 4 
d-SgOla. F. Wohler, and E. Raud noted the formation of double compounds with 
hydrogen sulphide, 2 AlCl 3 ,H.>S, and AICI 3 .H. 2 S. 'Phe first-named compound is pre¬ 
pared with liquid hydrogen sulphide but dissociates at ~ 15^ into hydrogen sulphide 
and 2 AI(/l 3 .Il 2 S, which is .stable at ordinary temp, and press. R. Weber also prejmred 
2 AlCl 3 .So(’l 4 and 2Al(1;(.Tc(1,. E. Baud, 0. Ruff, and A. Adrianowsky studied the 
formation and properties of 2 Al('l 3 .S 0.2 and ARl^SOo. The latter is ]>repured by 
subliming aluminium chloridi* in a current of sulpliur duixide; it dissociates at 80”, 
forming 2AlC’l;}.S().j. wliicli can be distilled at 200”. The heat of formation of 
AlClj is U‘40 Cubs., and the heat of soln. 2y8T)2 ('als.; the heat of formation 
of 2 AICI 3 SOj is I8'33 Cals., and the heat of soln. at 1IbO'-M Cals. J. A. Besson 
pri'pared double conniounds of aluminium chlori<le. witli tliionyl bromide^ or thioiiyl 
chloride. F. Wohler, and A. Recoura prejiared aluminium chhrosulphaie, 
Al(S 04 )ClfiH 20 , by the action of boiling fuming hydrochloric acid on aluminium 
sulphate. V. Thomas obtained the double compound 2 AICl 3 ,N() by slowdy sub¬ 
liming aluminium chloride in an atm. of nitric oxide ; and R. Weber, AICI 3 .NOCI, 
liy the action of tlie gases from a<|ua regia on aluminium chloride. E. Baud found 
that acetylene in ubsorbeil by anhydrous aluminium chloride in tic cold, and rapidly 
at 70 -130', forming a black volatile compound, 7 (CioH|r,. 6 ). 2 Al 2 Clrt. Acconling to 
W. E. Henderson and \V. C. (langloIT, dry acetylene acts on an alcoholic .soln. of 
aluminium chloride, forming well-defined colourless crystals of AR'!;{. 2 C 2 ll 2 . 2 H .20 : 
and with ethylene, giving AICl 3 . 3 (' 2 H 4 .H 20 . 

When an aq. .soln. of aluminium chloride is treated witli ammonia, aluminium 
hydroxide is pn'cipitated, and J. J. Berzelius thought tliat the precipitate formed 
when in.sul!icient ammonia is added to saturate completely tlie soln. is a basic 
chloride or oxychloride. In all probability the product is colloidal aluininiutn 
hydroxide, with ad.sorbed chloride. E. C. Franklin found aluminium chloride to be 
insoluble ill Inpiid ammonia. According to E. Baud, if a streani of well-dried 
ammonia be passed over sublimed alumimum chloride much heat is evolved, the 
mass becomes liquid, and then solidifi(*s to a voluminous wliite powder, aluminium 
hexamminochloride, AK’ls.CNHs. The last mol. of ammonia is taken uji very 
slowly. When treated with hydrogen chloride, there is no pereejitible action below 
-15'^; at 0 ”, the reaction is very slow, and at lb" vigorous producing arnmoninm 
chloride, ammonia, and 6 AICI 3 .NH 3 . J. M. Stillmann and M. B. Yoder found that 
when heated in air. ammonium chloride and alumina AI 2 O 3 .H 2 O are fonneil. 
E. Baud says the hexamminochloride is leas hygroscopic than tlie chloride : and that 
on exposure to a'lr, it absorbs moisture and loses ammonia, forming aiumiiiium 
hydroxide and ammonium chloride. The heat of formation AICI 3 , 3 NH 3 is 13411 
Cals. E. Baud noted that when the hexamminochloride is cooled with liquid am¬ 
monia, and the latter is allowed to evaporate with the temp, below — 22 ", aluminium 
anneamminOGhloride, AICI 3 . 9 NH 3 , is formed with a vap. press, of 1790 mm. at 0"; 
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978 mm. at - 10-7°; 760 mm. at —14'6°; 481 ram. at —22'3°; and 189 mm. at 
—37°. There is no break in the curve. The heat ol formation, AlClj.SNHj+SNHs, 
is 24‘81 Cals. E. Baud found that when the hexamrainochloride is heated below 
150°, the evolution of ammonia is not very marked, but at that temp, ammonia is 
evolvedanil aluminiumpentamminochloride,AICl3.5NH3,i3formed. J.M.Stillmann 
and M. B. VocIit obtained the same product by heating the hexamminochloride 
for 12 lir.s. at 100° in a .stream of hydrogen. The heat of formation AlCls.-pSNHj 
is 3H H4 Cals. E. Baud (ditained aluminium triamminochlofide, AICI 3 . 3 NH 3 , by 
heating the penlammiiKKddoriile to 275°; an<l H. Rose, and J. F. Persoz, by treating 
aluminium chloride with ammonia until the mass becomes liquid. The heat of 
formation AICI 3 f 3 NH 3 is 83'77 Cals. J. M. Stillmann and M. B. Yoder heated 
aluminium hexamminochloride in an atm. of hydrogen for 10 hrs. between 200 ° and 
240°. Analyses ol the semidiquid hygroscopic mass agreed with aluminium di- 
amminocbloride, AlCi 3 . 2 NH 3 . G. L. Clark reported the temp, at which these 
different ammines dissociate at 100 mm. press., to be —13° for the ennea-ammine: 
77" for the hexamminc; 280° for the pentammine; 427° for the triammine; and 
752° for the raonaramine. According to E. Baud, if aluminium triammino- 
chloride bit heated to 280° it melts, and at 400°, distils as a colourless liquid which 
rapidly solidifies to a white translucent mass with the composition 6 AICI 3 .NH 3 — 
alumimum bexita-amminochloride. H. Rose, obtained a similar product by the 
di.stillation of one of the higher ammino compounds in a stream of hydrogen. H. Rose 
assigned to this product the formula AICI 3 .NH 3 , but E. Baud showed that an excess 
of ammonia was present in H. Rose's product, and that with repeated distillation 
6 AICI 3 .NH 3 is formed. By distilling 6 AlCl 3 .NH 3 in a stream of ammonia, the prorluot 
contains AlCl 3 -|- 2 ‘ 33 NH 3 and evolves 38'83 (lals.—but is not a chemical individual. 
The com)iouiul forms a clear soln. with water. H. Rose reported that aluminium 
chloride absorbs about 3 ti7 per cent, of phosphine in 5 hrs. in the cold, but is sub¬ 
limed in a stream of the gas, forming crystals of the double compound 3 AICI 3 .PH 3 ; 
small ([uantities of this compound dissolve in water with the evolution of jihosphinc 
not spontaneously inflammable in air, larger quantities give the spontaneously in- 
ttainmable gas. The latter gas is also obtained when the oomjiound is treated with 
ammonia. E. Baudrimont, and R. Weber prepared AlCl 3 .Pt'If,; and W. Casselmann, 
AICI 3 .POCI 3 . With carbonyl chloride, E. Baud })repared the three compounds; 
2 A 1 C 1 , 3 . 5 C 0 CI 3 melting at - 2 °; 2 AICI 3 . 3 OOCI 2 ; and lAICla.COf-V 11 '“ two last- 
named compounds are said to occur in commercial aluminium chloride. 

Hexahydrated aluminium chloriile is soluble in alcohol; and in ether. Accord¬ 
ing to F. 8 . Havens, this salt is rpiite insoluble in alcohol; and he further found that 
it is quite insoluble, in aq. ether saturated with hydrogen chloride, and if ether be' 
added to an aq. soln. of this salt, and the well-cooled liquid be sal. with hydrogen 
chloride, hexahydrated aluminium chloride is precipitated while, the chlorides of 
beryllium, zinc, copper, mercury, and bismuth remain in soln. W'. Eidmanii says 
hexahydrated aluminium chloride is insoluble in mcthylal; and A. Werner, in 
pyridine, and benzene. A number of double salts of aluminium chloride with the 
metal chlorides, and with various organic compounds—and chlorides, ketones, esters, 
nitro-compounda, amines, etc,, is known. When bottles of aluminium chloride are 
sealed with paraffin, the salt blackens the .seal. A soln. of aluminium chloride may 
segregate into two layers on standing. Most of the chloride remains with the lower 
darker-coloured layer. 

According to F. Wiihler, aluminium chloride is reduced when heated with 
potassium, but not under naphtha. N. N. Beketoff did not succeed in reducing 
aluminium chloride by heating it with zinc. A. Daubr4e found that when calcined 
to redness with calcium oxide it forms corundum; and with magnesium oxide, 
corundum and spinel. A soln. of aluminium chloride acts as an antiseptic and is 
utilized in dyeing. The addition of aluminium chloride accelerates the hydration 
of calcium oxide, of plaster of Paris, CaS 04 .JH 30 , and of Portland cement—in the 
latter case provided less than 2'91 per cent, be used. The aluminium chloride 
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retards the hydration of anhydrous calcium sulphate JSs/ricAffip*. A mixture with 
thionyl chloride, SOCI^. or sulphur monochloride, Sjt’L, dcvelo |>8 chlorine. These 
and many other reactions, which either do not occur at all or proceed with difficulty, 
will readily take place if aluminium chloride be present as a catalytic agent. 0. Huff 
assumes that an intermediate compound is formed- AlClj.SCl^. Similarly, thionyl 
chloride and sulphur give sulphur chloride and sulphur dioxide, and the reactions 
aresyrabolired: AlCls-t-SOCUe^AlClj.SO-f CU, followed by AK'l 3 .S 025 =eAK'l 3 -t SOj. 
Analogous reactions accelerated by aluminium chloride are the formation of iodine 
chloride and sulphur dioxide from sulpburyl chloride and iodine ; of molybdenum 
pentachloride from thionyl chloride and molybdenum dii'hloride: of hydrogen 
chloride, sulphur dioxide, and sulphur from thionyl chloride, SOCl.j, and hydrogen 
sulphide ; and of sulphur chloride from sulphur and a soln, of phosiihorus penta- 
ehloride in phosphoryl chloride at 10 t)“. 

Aluminium chloride is also a valuable catalytic agent in the so-called Friedel 
and I'rafts' reaction—typified by the synthesis of toluene, OjHs.CHu, by jiassing 
the vapour of methyl chloride, CH 3 CI, into a boiling soln. of anhydrous aluminium 
chloride in benzene; ('jHe+CHsCl .-Ht'l-|-(' 8 H 5 .('H 3 ; the aluminium chloride 
acts as a carrier, possibly by forming an unstable intermediate compound with 
benzene and methyl chloride. The subjiTt was discussed by ,1. K. Norris. 
Aluminium chloride is thus u.sed as a catalytic agent and also as a condensing 
agent in organic chemistry. It was formerly employed in the preparation of 
aluminium. The largest amount of aluminium chloride is used in refining petro¬ 
leum, when it converts the unsaturated components into saturated compoumis ; it 
converts high boiling hydrocarbons into others of low h.p.; and it removes sulphur, 
partly as hydrogen sulphide and partly as aluminium sulphide. 

Chloroaluminates. — A number of double compounds of aluminium chloride 
with other metallic chlorides and ammonium chloride has been prepared- princi¬ 
pally by E. Baud." Ammonium tetiachloroaluminate, NHitT AlClj, or NHtAlCIi, 

was made by heating the calculated (juantities of the eoniiioneut salts in a closed 
vessel at or 3tK)°. The mixture is melted, and, on cooling, forms a erystalline. 
mass which can be distilled unchanged at a red heat in a stream of hydrogen or 
nitrogen. The heat of formation NH 4 ('l-f Alt'lj is 13 26 Cals,, the heat of soln. at 
15°, f)0'4H Cals. This compound was also prepared by J. Kendall and co-workc-rs, 
and its ni.p. found to be 304°, 

J. Kendall and co-workers made lithium tetrachloroaluminaie, LiCl.AlClj. 
F. Wohler found that when the vapour of aluniiiiium chloride is passed over heated 
sodium chloride a yellow compound is formed which does not give off aluminium 
chloride when strongly ignited, and which dissolves in water, forming a soln. which 
yields crystals of sodium chloride on evaporation. H. St. ('. Deville and II. Hose 
also prepared the same compound. The eoni|>o 8 ition is represented by the formula 
NaCl.AlCI,, or NaAlt'l, -sodium tetrachloroiduminate. The compound was once 
used in the manufacture of aluminium and was made industrially by heating a 
mixture of alumina, carbon, and sodium chloride in a clay retort to a white heat in a 
stream of chlorine when the sodium tetrachloroalumiiiate sublimes. M. Dullo made 
it by heating a mixture of sodium chloride, carbon, and clay in a current of chlorine 
until silicon tetrachloride begins to form, indicating that all the available alumina 
has been transformed into sodium chloroaluminate. J. Kendall and co-workers 
made this salt; R. Bunsen obtained the same compound by fusing together the 
component salts; and said that the m.p. is below 200°, while H. St. C. Deville said 
about 185°. E. Baud gives the heat of formation AKlls-l-NaCl as 5’95 Cals., and the 
heat of soln, at 15° as 70-71 Cals. H. St. C. Deville found that when the vapour is 
passed over strongly heated iron, ferrous chloride and an alloy of aluminium and iron 
is formed; and when heated with potassium hydrogen sulphate, thionyl chloride and 
chlorine ate formed. H. Bassett observed that the salt is reduced to aluminium by 
boron, arsenic, antimony, tin, zinc, mercury, and by tbe amalgams of tin, zinc, and 
antimony. R. Bunsen obtained aluminium by tbe electrolysis of the fused salt. 
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B. Baud also found that the alkali chlorides of the type MCLAlClg absorb ammonia 
to form alkali hezammino-tetrachloroalnminates, MCI.AICI 3 . 6 NH 3 . The heats of 
formation and soln. of the ammonium compound are respectively 126 04 Cals., and 
—2 73 Cals.; of the sodium compound, 177'93 Cals, and 5'61 Cals.; and of the 
potassium compound 126’08 Cals., and —3 04 Cals. The salt dissolves in water 
and the soln. deposits sodium chloride on evaporation. H. C. Jones and K. Ota 
found the electrical conductivity of dil. soln. is very little different from the calcu¬ 
lated conductivities of the components, but with 10 to l'5N-soln. the conductivity 
deviates 13 per cent, from the calculated value. E. Baud made sodium enneachloro- 
dialuminate, 3 NaC 1 . 2 AlCl 3 , or NasAljCl,, by heating aluminium chloride with sodium 
chloride to about 500°; the molten portion has the composition AICI 3 .IJKCI, while 
the excess of alkali chloride remains undissolved. The heat of formation IJNaCl 
-t-AlCl 3 is 7'64 Cals., and the heat of soln. at 15’, 68'48 Cals. By fusing together 
calculated quantities of the component salts, E. Baud made ONaCl.AlCls, sodium 
bexacbloroMuminate, with the heat of formation 9'6 Cals., and a heat of soln. at 15°, 
54-86 Cals. 

R. Weber made potassium tetrachloroaluminate, KCl.AK'lj, or KAICI 4 , by fusing 
togetlier the component salts, and by heating potassium chloride with the double 
compounds of aluminium chloride with phosphorus jientachloride or sulphur di- 
chloride. ,1. Kendall and co-workcrs made this salt. According to A. F. E. Degen, 
if potash be present when Oerstedt’s process is used for Tnaking aluminium chloride, 
there are formed colourless drops of aluminium tetrachloroaluminate which solidity, 
on cooling, to a crystalline ma.s 8 which deliquesces slowly in air, and dissolves in water 
with the evolution of heat. E. Baud gives for the heat of formation 13'19 Cals., 
and for the heat of soln. at 15°, 60 22 Cals. E. Baud made potassium enneacbloro- 
dialuminate, K 3 AI 3 CI 1 ), or 3 KCI. 2 AICI 3 , by a process similar to that used for the 
corresponding sodium salt; its heat of formation IJKCl-f-AlC^ is 15'26 Cals., and 
the heat of soln., at 15°, 7-64 Cals. Similar remarks apply to the preparation of 
potassium hexachloroalummate, 3 KCI.AICI 3 , or K 3 AICI 3 , with a heat of formation 
18-318 Cals., and a heat of soln. at 15", 46-652 Cals. The evidence that these are 
definite compounds is not conclusive. E. H. Ducloiix prepared colourless crystals 
of caesium chloroaluminate, thought to be C.SCI.AICI 3 . J. Kendall and co workers 
made cuprous tetrachloroaluminate, CuCl.AlCls, melting at 233°. E. Chauvenct, 
P. Job and 0. Urbain established the existence of cupric octochloroaluminate, 
CUCI 3 . 2 AICI 3 , and of cupric heptachloroalumiuate, 2 CUCI 2 .AICI 3 , by thermochemical 
analyses of the aq. soln. E. Baud reported the formation of silver tetrachloro¬ 
aluminate, AgCl.AlCls. or AgAlCl 4 , when the two components are heated in a sealed 
tube at 300°; the product is less stable than the corresponding alkali salts; its 
heat of formation is 2 5 Cals., and its heat of soln. at 22°, 75 72 Cals. J. Kendall 
and co-workers made this salt. E. Baud also made calcium octodecachloro- 
tetraluminate, 4 AlCl 3 . 3 CaC 1 . 4 , with a heat of formation 1866 Cals., and a heat 
of soln. at 16°, 346-8 Cals.; it melts below 300°. For the chloroaluminate 
3 CaO.CaCl 2 .Al 2 O 3 ,l 0 H 2 O, vide, calcium aluniinate. The corresponding strontium 
octodecachlorotetraluminate, 4 AlCl 3 . 3 SrCT 2 , also melts below 300°, its heat of forma¬ 
tion is 17-42 Cals., and its heat of soln. at 19°, 328-78 Cals. J. Kendall and co¬ 
workers, and E. Baud made barium octochlorcidiBluminate, BaCl 2 . 2 AlCl 3 . The latter 
found the m.p. to be 290°. It crystallizes in silky needles recalling some native 
varieties of spinel; its heat of formation is 5'39 Cals., and when heated to 600°, 
it loses some aluminium chloride, and forms buium octodecachlorotetraluminate, 
4 AlCl 3 . 3 BaCl 2 , with a heat of formation of 14-6 Cals. J. Kendall and co-workers 
made magnesium octochloroalaminate,MgCl2.2AiCl3. The corresponding zinc octo- 
deoaohlorotetraluminate, 4 AlCl 3 . 3 ZnCl 2 , is a pasty translucent mass, less stable 
than the preceding compounds, with a negative heat of formation, and a heat of 
soln. at 15°, 276-98 Cals. 

E. Beckmann found that on adding baryta-water in excess to a soln. of aluminium 
chloride, the precipitated alumina is dissolved, and on evaporating an hydrated barium 
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Oiy<illlw o a lnniln i t<l| Alj0j.Ba0.3BaCl2+Aq.,crystallizes out in inicinscopic rhombic 
crystals. The substance may also be obtained when a cold cone. soln. of the barium 
aluminate, Al 203 , 2 Ba 0 bAq.,i8 sat. with barium chlori<le. Under other conditions 
a compound of the forinula AlaOa.BaO.BaUlj. can be prepared. Similarly, when a 
current of carbonic anhydride is passed into an aq. soln. of these substances, the 
aluminium and a portion of the barium is precipitated, only the halogen’salt 
remaining in soln. ' 
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§ 16. Alnminium Bromide 

(I Friedel and L. Roux i claim to have made aluminium sub-bromide analogous 
with the corresponding subchloride (q.v.). C. Lowig prepared anhydrous aluminium 
bromide by a process analogous to that employed by H. C. Oersted for the chloride; 
It. Weber, G. Qustavson, and H. St. C. Deville and L. Troost made it by passing 
bromine vapour over heated aluminium foil; and they purified the product by 
redistillation. J. W. Mallet redistilled the aluminium bromide from aluminium in 
an atm. of nitrogen. The preparation of highly purified aluminium bromide was 
studied by T. W. Richards and H. Krepelka. I. A. Kablukofi recommends the 
following process for preparing large quantities of aluminium bromide • 

Tlie beak of a glass retort is coiuieoted with a sloping, hard glass tube heated in a corn, 
bustion furnace and bent at the lower end so as to fit into a glass receiver. After the retoH 
is charged with aluminium chips and the hard glass tube is heated sufficiently to prevent 
bromine or aluminium bromide from condensu^ in it, bromine is allowed to fall gradually 
on to the aluminium from a tapJunnel, bromine vapour from the receiver being conducted 
to a draught by moans of a tuM. After redistillation, the aluminium bromide is obtained 
as a colourless liquid solidifying to a white mass. Any iron in the aluminium is precipitated 
tha acoording to the reaction : FejBrj+2Al —AljBr|-l-2Fe. 

soln. at It) Weber, J. B. Berthemot, and C. L6wig made needle-like crystals of hexa- 
E. Becj,t^ alttminbun bromide, AlBrj.fiHjO, by evaporating an aq. soln. of the salt 
chloride, t ,,onc. sulphuric acid ; or by treating a soln. of aluminium hydroxide in hydro- 
' acid in a similar manner. According to B. Weber, the crystals when heated 
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decompose into water, hydrogen bromide, and alumina. J. L. Kreider found that 
when hexahydrated aluminium bromide is heated between 1(K)° and 210" both water 
and hydrogen bromide are simultaneously evolved whether the salt be heated in 
air or in an atm. of hydrogen bromide, but the action in the latter case is retarded. 
Unlike hexahydrated magnesium bromide, there is no evidence of a differentiation 
of the water mols. during the dehydration, and he therefi^re represents this salt by 
the graphic formula: 

HH HH 

Br.O.ti- -A1- 6.6.Ur 

H H H.6.H H H 
H.O.H 
Br 

On cooling a 46 per cent. soln. of aluminium bromide by means of a calcium chloride 
freezing mixture, after some under cooling, crystallization occurs with a rise of temj). 
to —The crystals are employed for inoculating a somewhat dil. soln. of 
aluminium bromide and a mass of colourless needle-like crystals of pentodeca- 
hjrdrated alnzniniam bromide, AlBrj.lSHjO, are obtained. They are dried by 
press, between biter paper; they melt at --7'5°, forndng a turbi(i licpud at —6°, 
which becomes clear at 0", and decomposes at 7". 

Anhydrous aluminium bromide forms lustrous rhondmhedral jilates of sp. gr. 
2'54. R. Weber found the crystals melt at about DO" to a colourless mobile liquid 
which boils between 26.5° and 270°. W. Bdtz and co-workers gave 3 ()1 for the 
sp. gr. at 25°/4°, and 88 7 for the mol. vol.; and W. Biltz aud A. Voigt found the 
sji. gr. at different temp, to be 

100" iz.'i" IW” 175" ZOO" 2Z.'i" 205" 

S|j. gr. . 2":i4 2-.)7 2-52 2-40 2-40 2-3.5 2-26 

The coelf. of thermal expansion is O tKll. ,1. W. Mallet says the m.)i. is !t3'’, and the 
1) |i. 263-3" at 747 mm. pre.ss. L. Hotinjanz and W. Suchodsky give 772° K. for the 
critical temp., aud the absolute boiling temp. 333" K., so that the ratio T^/Tc—O-bDO. 
Aeeording to H. St. ('. Deville, the vapour density is 18-62 at 444 in agreement with 
18 5, the theoretical value for Al^Brj. 1. A. Kablukoff gives t) 08!»12 for the sp. lit. 
of aluminium bromide between 22 and 76°; for the latent heat of fusion 10-47 cals, 
per gram ; and for the mol. depression of the f.p., 262°. K. I’. Kohler found the 
effect of this salt on the b.p. of carbon disuljihide and nitrobeiizeiie agreed with the 
formula AI^Brj ; E. Beckmann also obtained a similar result with boiling soln. in 
bromine, and by the f.p. method. W. Biltz found the effect on the f.p. of water 
agreed with the formula Al^Brn, or possibly with the ionization of the complex 
AI[AIBr,i Is^Al----! AIBrn'". W. Finkelstein found the mol. wt. from the f.ii. of 
aluniiniuin bromide in bromine corresponds with AljBrj for all cone. The soln. is 
an electrical conductor. M. Prud’honime, and E. van Aubel discussed the relation 
between the m.p., the b.p., and the critical temp. J. Thomsen gave for the heat of 
formation (Al, Br 3 )= 120t'als.,M.Bcrthclot, 126 dais.; and N. N. Beketoff, 123 dais.; 
(i. Giistavson gives for the heat of soln., 90118 dais. As in the case of aluminium 
bromide, W. Hampe says that molten aluminium bromide is a non-conductor of 
electricity if heated up to its b.p. provided the salt be of a high degree of purity. 
W. Biltz and A. Voi^ found the conductivity curve of aluminium bromide was 
similar to that of the chloride, Fig. 60, 

las" 232" 2611" 26(1- 270" 

Mho X10’ . . 0-90 1-0 2-0 2-4 2-0 

According to W. A. Isobekoff, and W. A. Plotnikolf, soln. of the halogen salts in 
fused aluminium bromide are conductors. 

M. Bcrthelot found that water reacts with aluminium bromide with explosive 
violence, R. Weber said that it decomposes when heated in air, and M. Bcrthelot 
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added that when heated to dull redness in oxygen, it burns to alumina. W. A. Plotni- 
kofl found soln. of aluminium bromide in ethyl bromide conduct the electric current 
more feebly than aij. soln.; and that the mol. conductivity of normal soln. in ethyl 
bromide is three times as great as a JN-soln. Aluminium appears on the cathode 
during the electrolysis of these solns. H. B. Patten found the metal attacks the 
solvent, forming butane; 2Al+6C2H5Br=2AIBr3-|-3C4Hio. K. Weber found 
aluminium bromide to dissolve in carbon disuljihide, and that the soln. fumes 
strongly in air. W. Eidmann found it to be soluble in acetone. Like aluminium 
chloride, this salt was found by R. Weber and W. A, Plotnikoff to form a white com- 
])ound, AlBrj.HjS, with hydrogen sulphide, melting at 84°. 

According to R. Weber, aluminium bromide absorbs ammonia at ordinary temp. 
The speed of absorption is at first slow, and then rapid ; the product swells up and 
forms a voluminous powder of alu minium amminobromide which loses ammonia 
when exposed to the air or when warmed. The amraino-compound can be sublimed 
in a sealed tube without melting ; and when treated with water, ammonia is evolved 
and aluminium hydroxide is formed. W. A. Plotnikoff obtained with phosphoryl 
chloride a compound which has the formula 2 AlBr 3 . 2 POCl 3 in a soln. of carbon 
disulphide; W. A. Plotnikoff has described the compound AIBr 3 .Br 4 .(S 3 as a result 
of the action of bromine on a sola, of aluminium bromide in carbon disulphide. It 
melts in a sealed tidie at 80 '- 90°, and it decomposes at a higher temj).; it is reddened 
in sunlight or by moisture ; it is solulile iti many organic liquids ; and is converted 
by water into (!. Hell and F. Urech's li itliiohromide, ('^BraS;!. W. A. Plotnikoff 
also prepared complexes with ]diosiihorus tri bromide and ethyl bromide, 
AlBrj.PBrs.fyijBr, ethylidene bromide, etc., may be substituted for ethyl bromide; 
similarly with phosphorus pcntabromide, AlBr 3 .'PBr 6 . 02 H 5 Br. 

Aluminium bromide reacts with carbonyl chloride, forming aluminium chloride; 
AlBrj+OCOda AUJIj | .'JCOPlBr, provided the carbonyl chloride be in excess, 
while if the aluminium bromide be in exc<‘ss, aluminium dichlorobromide, AlBrCI^, 
is formed, A, von Bartal prepared the last-named compound by pa8.sing carbonyl 
chloride into aluminium bromide in a flask heated in a wafer-bath and connected 
with a second flask placed in a freezing mixture iiidil the contents of the first flask 
became solid. The <listillate in fhe Si'cond flask consisted mainly of bromine with 
some carbonyl bromide. From part of tin' solid residue in the first flask, anhydrous 
aluminium chlorobromide was obtained, by sublimation in a vacuum, as small, 
brick-red leaflets which fume and delicpiesce in flu; air. The compound sublimes 
practically unchanged at 100° -120715 -20 mm., and melts when heated at 142°-143° 
in a sealed tube. Another portion of the solid residue was dissolved in ice-cold 
water, and on careful evaporation hexshydrated aluminium dichlorobromide, 
AKllaBr CH^O, was obtained in small, light red to yellow crystals. The hydroxide 
does not fume in thi' air, but is dclicjucsceut and easily soluble in water; it does not 
melt even when heated in a sealed tube, but at higher temp, loses water and decom¬ 
poses. 

J. Kendall and co-workers prepared ammonium tetrabromoaluminate, 
NHjBr.AlBrj, melting at 232° ; ammonium heptabromoaluminate, NH4Br.2AlBr3, 
melting at 104 2° ; ammonium decabromoalominate, NH4Br.3A16r,, melting at 
97-8°; lithium tetrabromoaluminate, LiBr.AlBrj, melting at 197° ; Uthinm hepta- 
bromoalnminate, ljiBr. 2 AlBr 3 , melting at 197° ; lithium docosibromoalnminate, 
LiBr.7AlBr3, melting at 114-8° ; sodium tetrabromoaluminate, NaBr.AlBrs, melting 
at 201°; sodium heptabromoalttminate, NaBr. 2 AlBr 3 ; and sodium tricosibromo- 
alominate, 2NaBr.7 AlBrs, molting at 95-6°. R. Weber prepared what he regarded 
as a double salt, potassium tetrabromoaluminate, AIBrj.KBr, by fusing together the 
component salts. J. Kendall made the same salt, melting at 191-5° ; potassium 
heptabromoaluminate, KBr.2AIBr3, melting at 95-8° ; silver tetrabromoalumim^, 
AgBr.AlBr,, melting at 215-6°; silver heptatoomoaluminate,AgBr.2AlBr3; calcium 
ootobromoaluminate, CaBr3.2AIBr3, melting at 306° ; and barium oi^bromo- 
alomiilate, BaBr3.2^Br3. E. Beckmann also made buium oxybromoaluminate. 
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Al 2 O 3 .BaO.BaBr 2 .Aq,, analogous to the correspoiuling chlorido. J. Kendall and 
co-workers made magnesiam octobroffloalamiuate, MgBr 2 . 2 AlBrs ; cincootobromo- 
glnminiUe, ZnBr 2 . 2 AIBr 3 , melting at 1115°; ca&uiam octobromoalununate, 
CdBr 2 . 2 AIBr 3 , melting at 224°; mercuious tetrabromoaluminate, HgBr.AlBrs, 
melting at 261°; and two forms of mercuric octobromoaluminate, HgBr 2 . 2 AlBr 3 , 
melting respectively at 102-8° and 10;j-9°. M. I. Konowalofl, M'. A. I’fotnikoff, 
G. Oustavson, and others have studied the compounds of uhnninium chloride with 
various organic compounds. (!, Gustavson, and J. A, Besson n,sed aluminium 
bromide as a hrominaling agent in organic synthe.sia. 
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tj 17. Aluminium Iodide 

According to K. Wohler,' aluminium does not alter when hi'ated in iodine vapour, 
blit R, Weber found that if heated with about ten times its weight of iodine in a 
sealed tube the combination was attended by the evolution of light and heat. The 
brown jiroduct can be purified by repeated suhlimutioii with an excess ot aluminium 
in a sealed tube. R. Weber also formed the same compound by beating alundnium 
with silver iodide in a scaled tube. G. Gustavson heated the two elements in a 
stream of dry carbon dioxide and obtained aluininiuin iodide; and he obtained the 
same compound by leaving a mixture of eq. proportions of the t wo elements and three 
times their weight of carbon disulphide in a stoppered vessel lor about two days at 
the ordinary temp. The iodide dissolves in the solvent as fast a,s it is forineil. 
The action is slower with benzene or ethyl iodide as solvent. I. L. Ranfiloil inadi' 
an aq. soln. by digesting aluminium with iodine in the presence of warm water, and 
R. Weber by dissolving aluminium hydroxide in hydriodic acid. 

By evaporating an aq. soln. of aluminium iodide over cone, sulphuric acid, 

R. Weber obtained yellowish or white crystals of hczahydrated aluminium iodide, 
AII 3 . 6 H 2 O, which, when heated, give off water, iodine, and hydrogen iodide, leaving 
residual alumina. I. L. Panfiloff treated a 68 jier rent. soln. of aluminium iodide 
as in the case of alnminium bromide, and obtained yellowish or white needles of 
pentadecabydrated idumininm iodide, AlIs.lSHjO, which begin to melt at —25° 
and are completely fluid at —18°. F. Bphraim and 1. Kombluin made aluoiininm 
ralpbitoiodUe, AII 3 . 8 O 2 , by direct union o[ the constituents at a low temp. * 




328 


INORGANIC AND THEORETICAL CHEMISTRY 


Anhydrous aluminium iodide forms white deliquescent plates which can be 
purified by crystallization from carbon disulphide. The crystals have a sp. gr. of 
2 63, and melt to a mobile liquid at 185°. W. Biltz and co-workers gave 3-98 for 
the sp. gr. at 2574°, and 102 5 for the mol. vol. W. Biltz and A. Voigt found 

20(J® 205^ 210“ 220" 230“ 240“ 382* 

Sp. Kr-. . 3*20 3 18 3 17 3 15 3 12 3 10 2 78 

According to L. Rotinjanz and W. Suchodsky, aluminium iodide boils at 350° 
or 623° K., and has a critical temp, of 955° K., so that the ratio 7’ft/Tf=0'652. 
II. St. 0. Dcville and L. Troost found the vapour density at 444° to be 27 0 (air 
unity) when the theoretical value for the formula AI 2 I 0 is 28'2. E. Beckmann found 
the mol. wt. of a soln. of aluminium iodide in molten iodine agrees with the formula 
Algifl; and K. V. Kohler obtained a similar result for soln. in boiling carbon 
disulphide. M. Prud'homme, and E. van Aubel discussed the relation between the 
m.p., the b.p., and the critical temp. The heat of formation is 86’3('alB., according 
to M. Berthelot; J. Thomsen gives 70‘3 Cals, and the heat of soln. 89 cals. W. Biltz 
and A. Voigt found the. electrical conductivity curve to be general like that of 
aluminium chloride, Fig. 61, 

209“ 22ft“ 238“ 200* 270’ 

MhoxlO*. . . . 2(5 3U 4-7 6’3 7-4 

^ According to R. Weber, aluminium iodide decomposes very easily when heated 
in air, losing iodine and forming alumina; the vapour of aluminium iodide is 
^^ 11 ^’nmablc, burning with an orange-red flame, forming a cloud of alumina ; and 
M. Berthelot found a mixture of the vapour of aluminium iodide and air explodes in 
Cbntact with a flame, and he explains this by the difference in the heats of formation— 
Alilg, 172'6 (Jals.; AUOa, 39P6 (‘als. Aluminium iodide fumes in air, and deliquesces 
rapidly. It readily dissolves in water with the evolution of much heat; when the 
aq. soln. i.s boiled, it decomjKwes, as also is the ease with aq. or alcoholic soln. in the 
proseneo of zinc or aluminium. According to R. Weber, hydrogen sulphide has no 
action on aluminium iodide. 

According to R. Weber, aluminium iodide does not absorb ammonia, but 
E. 0. Franklin finds it tube very soluble in li(jiiid ammonia, forming a clear colourless 
aolm from which alumtom icosiamminoiodide, AII:(. 20 NH 3 , crystallizes on cooling 
to —33° ; at 8 ° to 13°, thesi? crystals lose atnmonia, and form aluminium hexam- 
minOiOdide, AII 3 . 6 NH 3 . ('onsiderable quantities of potassium amide, KNH 2 , can 
be added to the soln. of aluminium iodide in liipiid ammonia without forming a 
permanent precipitate, for the precipitate which first appears dissolves when the 
liquid is agitated. With limited amounts of potassium iodide, aluminium tri- 
MotvmMv, AyNHalgla, or AlIa.AKNHa)^, is formed: 3KNH, f 2 AII 3 - 3 KI 
d-AlLj.AqNHjjlg. At ordinary temp., this salt separates from its soln. with six 
inols. of ammonia of crystallization forming aluminium hexamminotriiodotri- 
amida* AllNHgfg.AlIg.fiNHg; at low temp, the salt separates with about twenty 
mols.of aiuinuiuHof crystallization,and when treated with potassium amide this com¬ 
pound produces insoluble aluminium amminoiodopentamide, AlgfNHajgl.NHg, or 
Al(NHj)j,Al(NH 2 ) 2 l.NHg, which, when heated to 160°, lo 8 e .8 two luols. of ammonia, 
producing ^uminium iodoinudotriamide. AlfNHalg.AlNHI. The salt is soluble 
in carbon disulphide, from which it crystallizes when a hot soln. is cooled ; it is also 
soluble in alcohol; and, according to G. (Justavson, in ether. Carbon tetrachloride, 
CCI4, and hexachloride, CaCl#, react vigorously with the liberation of iodine, and 
G. Qustavson represents the reaction in a soln. of carbon disulphide: 4 All 3 -f 3 CCI 4 
== 30144 - 4 ^ 1013 . A. von Bartal found liquid carbonyl chloride reacts vigorously 
with aluminium iodide dissolved in carbon disulphide, but no new compounds were 
isolated from the products— vide the corresponding reaction with aluminium 
bromide. 

R. Weber heated powdered potassium iodide with aluminium iodide in a sealed 
tube and obtained crystalline mass of potassium tetraiodoalumiiuUet AII 3 .KI, 
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or KAII 4 , which melts readily, and is not easily decomposed at high temp. It 
dissolves in water with the evolution of much heat. Similar remarks apply to 
sodium tetraiodoftlummatoi NaAll 4 . E. Beckmann prepared bsrium OXy- 
iodoftlufflinatOi Al 203 .Ba 0 .Bal 24 Aq., analogous to the corres|)onding chloride. 
A. Duboin alternately dissolved aluminium and mercuric iodides in water until 
saturated and obtained a clear yellow liquid. > 3 U 5 , which, when placed 
in dry air for several months, absorbs oxygen, becoming much deeper in colour, 
and depositing crystals of the mercudc oxyiodoaluminate. HgU. 2 AlI 3 . 3 HgL. 
I 5 H 2 O, having D° 3’97. A soln. of aluminium iodide dissolves silver iodide, giving 
a liquid, Die -8 2-34. This, on spontaneous evajioration, deposits yellow erystals 
of fi]v6r oxyiodoalumiiutte : 2All3.5Agl.2Ag0.13H20, which alter extremely 
rapidly in air. 
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§ 18. Aluminium Sulphides 

F. Wohler^ distilled.suljihuroveralnminium without combination, but,according 
to F. G. Heichel, if sulphur vapour be carried in a stream of hydrogiui over red-hot 
aluminium, or, according to F. Wobbler, if suljihur be thrown into r< d-hot aluminium, 
a vigorous reaction ensues, andlluminium sulphide, AI 2 .S 3 , is formed. F. Knapp 
and P. Ebell obtained it by adding sulphur t<» molten aluminium. W. Spring 
said that a little sulphide is formed when a mixture of siiljihiir and aluminium is 
compressed at 65 atm. W. Stein obtained aluminium suljiliide by burning aluminium 
in sulphur vapour ; and H. Fonzes-Diacon, by igniting a mixture of suljihur and fine 
aluminium powder by means of a piece of burning magnesium. The combustion 
is ])ropagatc<l through the mass; Matignon prepared it in a similar manner. 
W. Biltz and F. (‘aspari purified the product by sublimation in vacuo at llOO"-- 
1250°, when it forms crystals resembling aslx^stos. Good crystals are obtained 
by sublimation, in nitrogen under atm. press., from a carbon tubi^ at 150(1''- 
1600°. The yellow sublimate, more volatile than aluminium sulphide, is silicon 
sulphide. 

H. St. ('. Deville said that neither hydrogen Huljihide nor jJotaKsium sulphidj* 
acts on red-hot aluminium, and F. G. Reichel made a similar observation with 
respect to ammonium sulphide. Aluminium, however, reacts readily with many 
other sulphides,forming aluminium sulphide and an alloy of the metal and aluminium. 
H. Fonzcs-Diacon ignited a mixture of aluminium powder and antimony sulphide 
by means of a piece of burning magnesium, the combustion is rapidly propagated 
through the mass; A. Mourlot heated aluminium with an excess of antimony 
sulphide in an electric furnace, the antimony volatilized, and crystalline alu¬ 
minium sulphide remained. A. Mourlot also used a mixture of aluminium and 
zinc sulphide; C. Tissier, silver sulphide; and G. T. J. Vautin, lead or other 
metal sulphide. * 



330 


INORGANIC AND THEORETICAL CHEMISTRY 


According to F. 0. Rcichel, a mixture of siumina and sulphur or sulphur and 
carbon does not furnish aluminium sulphide, but A. H. Buchcrer obtained the 
sulphide by the action of sulphur on a white-hot mixture of alumina and carbon. 
(I. W. Vincent obtained the sulphide by heating alumina with sodium sulphide; 
W. Stein, by heating alumina with sodium carbonate and sulphur; and T. Petitjean, 
and M. Herzog, by heating alumina with soda, sulphur, and tar. 0. Schumann 
found that traciis only of aluminium sulphide are formed when hydrogen sulphide 
is passed over red-hot alumina. A. Gautier found hydrogen sulphide furnishes 
aluminium oxysiilphide Al^Oj.ALSs, when passed over alumina at a white heat, 
lAljOad-hilaS- 2 (Al 203 .Al 2 S 3 )-fSSO^-fSHj. H. Fremy showed that if carbon 
disulphide be employed, aluminium sulphide is readily formed. E. Frt'my said: 

It i8 well known tlmi Niiiplnir hiM no uetion on alunima. i thought it might be possible 
to replace the oxygen by sulphur if T introdiiml or intervened a second affinity as that of 
carbon for oxygen. Dwoiiipositions jtroducod by two affinities are very frequent in chem* 
iufry ; it is thus that carbon and chlorino, liy acting simultaneously on silica or almnina. 
produce silicon or aluminium chloride, while either alone could not decompose it. ... I 
thought that carbon disulphide ought to act at a high temp, on silica, magnesia, and alumina 
firodueing easily (heir stilpliides. lOxpiTinieiit confirmed this view. ... To facilitate the 
reaction with uluinina, and (f) protect the sulphidf' from the dc^composing action of 
the alkalies contained in the- porcelain tulw which was nsod, 1 found it sometimes useful 
to mix tlio oxides with carbon and to form the mixture into bullets resembling those 
employed in the jirepuialion of aluminium chloiuh'. I ovdmurlly |)lucod the bullets in little 
carbon boats, and healed the tulie to whitf'iiess in the current of vaporized l ai bon bisulphide. 
'Phe presence of divided carbon dof's not ap|M‘ur useful in the preparation of this sulphide. 
Aluminium sulphide Is'lng non volatile (imder these comlition.s) it is always mixed with 
some ahout tilVo per cent, undceoinposed almnina. Indit'd, it is impossible to transform 
entirely all the alumina into suli»hide. 

W. Stein used ii similar j)r(iee 8 .s, lull 11. N. Warrim failed to obtain sulphide either 
at a red or at a whitt^ lieat. 1,. 1\ li. E. Cumenge made tlie carbon disulphide at 
one end of the same retort as the aluinininni snlj.hide was made. D. G. Reillon, 
S. G. Montague, and 0. L. B. L. Boiirgerel passed carbon di.suli>hide into a red-hot 
inixturiKif alumina and carbon : SALOad-SCf 3 tS 2 -- 2 ALSs-| 6('0. 1). A.Peniakoii 
prepared alniiiinium sulphide hy heating alnmininmsnlphate, phosphate, manganate, 
or chromate with carbon disnl|ilude, or carbonyl sulphide: Al 2 (SO,) 3 -fOCSu 
- Al 28 :i t IHXl.j I 12S ; and 2 All’() 4 -t 1 (^ 2 —AI^-fl’ 2 S 54 ICO^. 0. Sehninann 
did not succeed in reducing alnmininm sulphate to the sulphide by heating it in a 
current of hydrogen, but A. Violi reduced the sulphate by heating it with sulphur. 
1). A. i'eniakolf said that wlien the aluminium halides, or alkali altiniiniuin halides, 
are fused with sodium sulphide, aluminium sulphide is obtained in a form suitable 
for reduction to aluminium: 2 A 1 F 34 - 3 N 82 S—Al 2 S 5 -t- 6 NaF; 2 Na 3 AIF 6 -f 3 Na 2 S 
‘ AI 2 S 3 -I 12NaF. According to F. ],autcrborn, aluminium sulphide is formed 
hy heating a mixture of alumina and calcium sulphide. H. S. Blackmorc heated 
a soln. of alumina in molten alkali Huoride, chloride, or aluminatc in a .stream of 
carbon disulphide. T. R. Haglund heated alumina, coal and carhide.s, and a 
sulphur compound. 

F. Wohler's sulphide prepared in 1829 was a black, vitreous mass ; E. Fremy’s, , 
prepared 2t years later, wa.s also a vitreous mass; A. Mourlot’s was a crystalline 
mass. W. Biltz and K. t’aspari's product, purified by sublimation, forms long, 
white, hexagonal, needle-like crystals with a sp. gr. 2 02 at 13713°—A. Mourlot 
gave 2'37. W. Biltz and F. Caspari found the m.p. to be 110()° +10“; and mixtures 
with alumina melted at a lower temp, and formed solid soln. A mixture of the 
sulphide with 27 per cent, of oxide melted at 997°. P. Sabatier gave for the heat of 
formation (2A1, 3S) 4241 (tals., and for the heat of decomposition with water at 
12°, Alj^-f Aq., 74 Cals. 

F. Wohler noted that when aluminium sulphide is exposed to air, it gradually 
swells up emitting hydrogen sulphide, and finally crumbling to a greyish-white 
powder. In accord with the fact that aluminium sulphide is a salt of a very weak 
acid, auil of a very weak, practically insoluble base, water hydrolyzes the sulphide into 
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aluminium hydroxide and hydrosulphuric acid ; AljS8+6HjO=3HjS-f 2AI(0H)j. 
probably, added W. Biltz and F. Caspari, with the formation of intermediato 
compounda, since the prolonged action of moist hydrogen sulphide gives the oxysul- 
phidc Al 2 O 3 .Al 2 S 3 .H 2 O. The action of water on aluminium sulphide has been 
proposed as a very convenient means of generating hydrogen sulphide. The 
hydrolysis by warm water is turbulent. A. Mourlot said the crystalline sulphide 
is not attacked by water so rapidly as the amorphous sulphide. According to 
E. Fr4my, aluminium sulphide at a red hcaf is decompose<i by steam ; ami crystals 
of corundum are formed. P. Curie said that hydrochloric acid furnishes the chloride 
and hydrogen sulphide. M. Hmidard said that when heated in the electric furnace, 
aluminium sulphide, mixed with carbon, is not volatilized or transformed into 
carbide nor docs it dissolve any carbon. H. C. Geelmuydcn said that aluminium 
sulphide is not reduced by calcium carbide, F. G. Reichel said that iron and copiier 
decompose aluminium sulphide at a red heat; and T. Petit jean said that iron and 
hydrocarbons reduce it to aluminium. The reduction of aluminium sulphide has 
been suggested as a convenient, means of preparing the metal (y.e.). M. Houdard 
noted that alumina is soluble in fused aluminium aul])hide, and crystallizes as 
corundum on cooling. 

F. F. Regelsberger melted alumina with sulphur in an electric furnace, and 
obtained a product with about 90 per cent, of what he regarded us aluminium 
subsulphide, AIS. which loses hydrogen sulphide when exposed to atm. air, and is 
deoampo.sed liy water, acids, or alkalies with the evolution of hydrogen and hydrogen 
sulphide: 2.\1H I fiHt’l -- 2 Al(!l 3 1 2H.jS pl^. \V. Biltz and F. t'aspari obtained 
the sub-sulphide by beating the ordinary sulphide to 2 UX)° in an atm. of an inert 
gas. 

I). A. Peniakoff obtained complex sulphides by heating aluminium sulphate or 
phosphate with a sulphide of the alkalies, alkaline earths, zinc, or manganese in a 
stream of carbon disulphide, 2 Al 203 -f 4 R'sP 04 -f 11 CS 2 = 2 (A 12 S 3 . 3 R' 28 )- 1 - 2 P 2 S 5 
-| 1 U' 02 ; and with the sulphate, Al 2 (S 04 ) 3 -f 3R'S f 68 -Al 2 S 3 . 3 R‘'S-f 6 S 02 . 
M. M. .lannigen jirepared sodium sulphoaiumuuite, NaeAljSj, or AliSj.SNajS, by 
heating aluminium oxide with sodium carbonate in an atm. of carbon disulphide; 
and he made potassium sulphoaluminate, KeAi 2 Se, or A 1283 . 3 K 2 S, in a similar 
manner. H. St, G. Deville described a complex sulphide of aluminium and 
potassium obtained liy pas.siug sulphur vapour over a strongly ignited mixture of 
carbon with potash-alum. The product was said to 
diwompose water with violence. D. Gratama repeated 
the, work and obtained a |)roduct which was spon¬ 
taneously inflammable; yielding no gas with water, 
and only a slight evolution of hydrogen Bulphid<- when 
treated with hydrochloric acid. The filtered soln. 
contained no aluminium. No double sulphide was 
formed. 

H. Uitz thought it possible that copper sidphonlumin- 
(Ue is formed by the action of aluminium on cupric sul¬ 
phide. L. t'ambi investigated the system Ag-^S—AI 283 
by thermal analysis. His results are summarized in 
Fig. 62 so far as mixtures containing 40 molar per 
cent, of aluminium sulphide are concerned. There is 
evidence of the formation of silver enneadecuolpho- 
decalnminate, dAgaS.rrAh^Ss, or AggAlioSm, which melts 
unchanged at 1038“, and forms homogeneous, flesh- 
coloured, birefringent crystals. There is also evidence of the formation of a 
second compound, decomposing at 825°, very near the eutectic, and containing 
60 to 70 molar per cent, of silver sulphide. M. M. jannigen reported the formation 
of eftlei nm , stTO&tiUZQ, iud bftrituil golphoflltiniilllttoi by the process he used for 
the sodium salt. D. A. PeniakoS made these salts by the prpeess indicate'd above. 



Pio. 62.—Freezing-point 
CurvoH of Silver and 
Aluminium Sulphides. 
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M. Houdard heated a mixture of one gram-atom of magneaium and two gram-atoms 
of aluminium in a stream of carbon disulphide, and obtained a crystalline mass 
of magnesium sulphoaluminate, MgS.AljSj, analogous in crystalline form to spinel. 
The compound is decomposed by oxygen-free water, by 90 per cent, alcohol, and 
by acetic acid diluted with alcohol. D. A. Peniakof! made zinc sulphoalumiziale 
as indicated above. 
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§ 19. Aluminium Sulphates 

Technical pri)ee.saes fnr preparing aluminrum sulphate from clay, bauxite, etc. 
have been previously described,' or are indicated in eoniieetion with alum. This 
salt is obtained in soln. by dissolving aluminium hydroxide in sulphuric acid. 
II. V. Collet-Descotils boiled ammonia alum with aijua regia until all the ammonia 
was destroyed. The soln. does not crystallize readily. .1. Bock recommended 
concentrating the soln. in vacuo until ery.8tala are formed, and more soln. added 
from time to time, which results in the production of very large crystals. The 
Norske Aktieselskab for Elektrokem. Ind. electrolyzed a soln. of aluminium 
sulphate containing a little sbdium 8ul])hatc in a diaphragm cell at 60° 80°; the 
free acid developed in the anode compartment dissolved the raw material labradorite 
in the anode compartment, and thus aluminium sulphate is extracted from that 
felspar. Basie aluminium sulphate ileposits on the, anode. J. Morel made alu¬ 
minium sulphate by heating bauxite with a mixture of air, steam, and sulphur 
dioxide at a tem]i. not exceeding 800°. \V. Fulda heated aluminium hydroxide 
with ammonium sulphate, and reconverted the ammonia to sulphate by the 
gypsum process; and In' later recommended ammonia-alum in place of ammonium 
sulphate. 

H. von Keler and (!. Lunge found in commercial aluminium sulphate O'OOObO 
to 0 0064 per cent, of iron presumably present as ferric sulphate ; 0'53 to 1 05 per 
cent, of free sulphuric acid; and in one sample they found 0 00156 per cent, of zinc. 
F. Wirth and B. Bakke^ were unable to separate ferric sulphate from aluminium 
sulphate by crystallization, hut it is possible to do so if the ferric salt be reduced to 
ferrous sulphate by hydrogen sulphide, sulphur dioxide, etc. Arsenic, and alkali 
sulphates are often present. 0. F. Mohr found that tlie commercial salt is usually 
contaminated with a little alum, M. Muller described the manufacture of an 
impure aluminium sulphate suitable as a precipitating agent in sizing paper. 

There are some different statements as to the water of crystallization. 
P. M. Delacharlonny holds that the crystals are normally the hexsdoCithydnted 
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alamlniam sulphate, Al 2 (S 04 )s.l 6 Ho 0 , and the assumption that the salt is oeto- 
decahydrated is based on analyses of samples containing ferric srdphate; he 
also savs that samples of native sulphate from Rio Saldana and Bolivia have the 
composition AUfSOils-ldH^O. On the other hand, analyses of J. B. J. U. Boos- 
singault, F. Varrentrapp, E. Lenssen, C, K. Rammelsberg, T. J. Herapath. ('. Hart- 
wall, H. Rose, F. Field, ,1. Jurasky, P. Zellner. L. Barth, etc., show that the salt is 
octodecahydrated alominium sulphate, Al 2 (S 04 ),. 18 H,d). R, ,1. Kane said that 
the octodecahydrate crystallizes from its solo, in hydrochloric arid in hoantifiil 
tabular crystals. The mineral alunogen is also an octodecahydrate of the normal 
sulphate. The hybrid term alunogeiie was first applied by F, S, Beudant ; N. Mill 
used (lavile ; E, F, Glocker, kemmohaUte and slyptnite : .1. ,1, N, Huot, mMaiiilr : 
C, U, Shepard, solfalarite; and J, F. Hausmann, halolrirhile. The native sulphate is 
found as a product of volcanic action and as a product of the decomposition of pyrites 
and alum shales, B, Boutzoiireano reported the formation of trihydisted aiumilliiun 
sulphate, Al, 2 (S 04 ) 3 , 3 H,d), in regular tetrahedral crystals. 0 . Schmatolla said that 
hexahydiaM aluminium sulphate, AI. 3 (S 04 ) 3 .tiH 3 (), is formed as a white imwder 
when aluminium sulphate is heated for a long time with cone, sulphuric acid, washed 
with ice-cold water,and dried at 100". ('.von Hauer precipitateil what he regarded as 
decabydrated aluminium sulphate, Al 2 (S 04 ) 3 . 1 ()Ho(), in tabular crystals, by adding 
alcohol to a dil. aq. .soln. of the sulphate. Both these hydrates are said to form the 
octodecahydrate on exposure to a moist atm. A. (lawalowsky said thatheptadetm- 
hydrated ^uminium sulphate, A 1 .,(S 04 ) 3 . 17 H., 0 , is obtained from the soln. i>roduced 
by incompletely saturating aul])huric acid with gelatinous aluminium hydroxide. 
E. Metzger said that heptacosihydrated aluminium sulphate, A 1 . 2 (S 04 ) 3 . 27 H 20 , is 
formed when a sat. aip soln. of aluminium sulphate is exposed to a winter's cold ; 
or if the ordinary hydrate is made into a mush with water and cooled below 'J f)". 

A. B. Poggiale measured the solubility of aluminium sulphate in water between 
0" and loti". Expressing the results in grams Al 2 (S 04)3 j>er 100 grins, of sat. soln. 

0“ 10”* lit)'* 40’' (Mr 80“ 100“ 

.SoloWlity . . 2:)'« as-l 20-7 .'ll-t :(7-2 42-2 47’: 

The solid phase over the whole range is Al 2 (H 04 ) 3 . 18 H 2 (b _ R. Kremann and 
K, Huttinger explored the system at .still lower temp, with the idea of finding what 
hydrates exist at these temp. The octodecahydrate is the solid iihase down to the 
eutectic at --4 ’, Expressing the results as before : 


Solubility . 

. 809 

10-7 1 

Ki i7r> 

19-2 

2,'M 24*8 

Soll‘1 phaw* 



l.'t- 


]8-hydr»t^ 


These results are plotted in Fig. (>3. R. Kremann and K. Hiitlinger also measured 



.,(A . \ . 1 I. 1 1 1-i .J 
^0 20 iO 60 eo iOO 

Grm Ali(S^)^per ioogrm5.Hfi 


Fki. fi3.—Solubility of Aluminium Fio 

Sulphato in Wator. 



(J 4 . —Kolativo V'upour PreMuro of the 
Hydratotf of Aluminium Sulphate. 


the VApOUt pressure while the water is being graduaUy withdrawn, and they found 
breaks in the curve, Fig. 64, corre 8 ])onding with A, the jiassage from the, octodeca- 
to the hexadecahydrate; the passage from the hexadccahydrate to dodMjphydrated 
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alomininm mlpbate, AlatSO^Ij.iaHjO ; C, the passage from the dodecahydrate to 
dihydratod alnminiom sulphate, Al 2 (S 04 ) 3 . 2 H 20 ; and D, the pMsage from the 
dihydratc to the anhydrous salt. This, of course, assumes that basic sulphates are 
not formed during the dehydration of the octodecahydrate. 

According to ('. .J. B. Karsten, when hydrated aluminium sulphate is heated, it 
first melts in its water of crystallization, intumesces, and finally leaves a white 
porous mass of the aidiydrous sulphate, AljfSO^js ; and, as F. Stromeyer also showed, 
if heated still further, it loses the whole of its contained sulphur trioxide, without 
melting. K. Friedrich said that decomposition begins at 770°. L. Wohler and co- 
workers found the partial press, of the SOj with decomposing aluminium sulphate is: 



580“ 

620* 

060* 

680* 

700“ 

720“ 

740" 

Pretw. SOj 

. 20-4 

30-2 

470 

640 

72-2 

95-5 

1G4'5 mm> 


572“ 

621* 

681" 

702“ 

720“ 

742“ 

748“ 

Total press. 

. 28 

51 

120 

180 

261 

480 

692 rnrn. 


0. R. Fresenius found that 5-10 mins.’heating over a blast-flame suffices to expel the 
sidjihur trioxi(h‘; but, as F. Varrentrapp showed, a lower temp, is not sufficient to 
do this; and F. Stolba found that over the. bunsen flame, the residue is eq. to 
aALOj.SOj after 4 hrs.’ heating. 

The octodecahydrated salt furnishes acicular or lamellar crystals i the mineral 
occurs in delicate fibrous masses or crusts, and also massive. .1. Jurasky said the 
crystals arc raonoclinic. A. Oawalowsky obtained smooth tetrahedral crystals 
with truncated edges. 0. F. Rammclsberg said that the heptacosihydrate forms 
trigonal crystals with axial ratio and angle o : c=l: 1’5408, and a=83° O'. The 
specific gravity of the anhydrous sulphate was found by C. J. B. Karsten to be 
2 74; L. Playfair and J. P. .loule gave 2171; P. A. Favre and 0. A. Valson, 2’672 
at 22'5°; and 0. Pettersson, 2‘713 at 17°. For the octodecahydrate, L. Playfair 
and .1. P. Joule gave 1-671 ; E. Filhol, 1-569 ; P. A. Favre and C. A. Valson, 1-767 at 
22-1°: and J. Dewar, 1-6913 at 17°, and 1-7184 at —188°. According to (J. Reuss, 
the sp. gr. of aq. soln. of purified aluminium suljihate (40 per cent, water), referred 
to water at 4° unity, arc ns follow ; 


Per cent. AL(804)a . 

1 

6 

10 

15 

20 

26 


16® . 

. 10170 

1-0569 

1-1071 

1-1674 

1-2074 

1-2572 

Qf-k tri* nf 

26® . 


1-0503 

1-1022 

1-1522 

1-2002 

1-2483 

op. ■ UV • 

36® . 

. 

1-0450 

1-0960 

1-1460 

1-1920 

1-2407 


46® . 

. 

1-0366 

1-0850 

1-1346 

11801 

1-2296 

and with commercial 

aluminium 

sulphate containing 

Al^Os, 13 

52; SOg, 

31-58; 

Fe,0-33; Kij 

0, 0-93; 

and HjO, 52-27 per cent 





Per nent.. Al.fSOa), . 

1 

5 

10 

15 

20 

25 

Sp. gp. «t 16® 


. 10069 

1-0377 

1 0730 

M097 

M440 

1-1798 


Measurements were also made by F. FouquA, H. C. Jones, P. A. Favre 
and C. A. Valson, W. L. Badger and J. S. France, J. Wagner, H. Sentis, 
C. Cheneveau, etc. The vap. press, of the sulphur trioxide in the thermal decomposi¬ 
tion of anhydrous aluminium sulphate was studied by L. and P. Wbhler and 
W. Pltlddemann. For soln. at 12-5° with w per cent, of anhydrous salt, J. G. Mac¬ 
Gregor found the sp. gr. S—1%-|-0-0092083«), where Sq represents the sp. gr. of water 
at 12-6°, and for w up to 2-5 per cent. J. Wagner found the viscosi^ of N-, JW-, 
JiV-, and JAf-soln. of aluminium sulphate at 25°, to be respectively 1-4064,1 1782, 
1 0826, and 1-0381, P. H. Prausnitz measured the osmosis of soln. of aluminium sul¬ 
phate through membranes with pores of various size. W. L. Badger and J. S. France 
measured the f.p. and b.p. of soln. of aluminium sulphate of different cone. The 
f.p. rises from about 30° at a sp. gr. 1-30 to a maximum of 85° at sp. gr. 1-60, and 
then falls to about 70° at a sp. gr. of 1-80; the b.p. increases from 101° at a sp. gr. 
of 1-30 to 118° at a sp. gr. 176. G. Tammann measured the lowering of the vapoQl 
imnuM qf water at 100° by aluminium sulphate and found that with 9-92, 23-80, 
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and 40-26 grms. of AySO*)^ per 100 grais. of water flie vap. press, was lowered 
respectively 7'2 mm., 20 0 mm., and 51-5 mm. L. F. Nilson and 0. Pctterssou gave 
O'1855 for the specific heat of the anhydrous salt between 0° and UXP. J. C. G. de 
Marignac gave for the sp. ht. of soln. with two-thirds of a mol ALfSOijj, in 60,100, 
and 200 mols of water 0'9041, 0-9465, and 0 9722 respectively, between 2r-53°. 
According to J. Thomsen, the heat of formation, (2.\1, 30, . 3 SO 3 . aq.) =451-77 Cals.; 
M. Bcrthelot gave (2A1,38,120, 8q.)==879'7 Cals., and for the. heat of neutralization, 
2 Al( 0 H)j-f 3 H 2 S 04 H-Aq.=AL(S 04 ) 3 +Aq.-f 21 (’ala.; (Al(OH),, 3HCI, aq.)^27'4 
Cals.; and S. U. Pickering gave (AllOHlj, 311F, aq.) - 341 Cals. L. Wohler and 
co-workers gave 17 Cals, for the heat involved in the loss of a mol of SO 3 from a mol 
of aluminium sulphate, P. A. Favre and C. A. Valson gave 56 0 Cals, for the heat 
of solution of , 41 . 3 ( 804 ) 3 . 61120 ; and 8'2 Cals, for the octodecahydrate. L. and 
P. Wohler and W. Plilddcmann found 17 cals, for the heat of dis-sociation of anhydrous 
aluminium sulphate. 

The electrical conductivity of nq. soln. of aluminium sulphate was measured 
by F. Kohlrausch,’’ F. 8. .Svenson, P. Walden, and H. C. .loni-s and co-workers. 
The last-named found for the molecular conductivitv, ft, with soln. containing a 
mol of the salt in v litres of wati^r: 
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alciilated from these tluta: 


V 

4 

8 

32 

128 

512 

2018 

4095 

jO* 

. Ifl-H 

24-9 

34-1 

40-5 

02-5 

84-7 

100-0 

“Uif,'’ . 

. 12-5 

152 

21-8 . 

32-1 

48-7 

72-2 

100-0 


This is on the assumption that the salt is not hydrolyzed in soln. If. Ley found 
that the hydrolysis is smaller than with soln. of the, chloride —riJr infra. H. C, .(ones 
also calculated the temp, coeff. of the conductivity of these soln. ,1. F. Uaniell and 
W. A. Miller made some observations on the transport numbers. 

According to .1. .1, Berzelius, hydrated aluminium sulphate is permanent in air; 
actually, thccrystulsshowa marked tendency toefllorcsee; butif alittleferricsulphatc 
be, present, the salt may appear to be hygroscopic. The salt has a highly acid taste. 
According to F. Wohler, when aluminium sulphate is heated in a stream of hydrogen, 
it furnishes alumina, which, according to 0. Schumann, is almost free from sulphate. 
For the action of water, vide infra, basic salts. K. Willstatter prepared an aluminium 
sulphate with hydrogen peroxide of crystallization. H. Rose found that when 
repeatedly calcined with ammonium (boride, the aluminium is almost wholly 
volatilized presumably by being first converted into chloride ; and A. B. Prescott 
found that when evaporated with an excess of hydrochloric acid, about 10 per cent, 
passes into aluminium chloride, A. Recoura boiled aluminium sulphate with 
hydrochloric acid, and on cooling the soln, obtained a crystalline deposit which he 
regarded as aluminium chloroaulphatc, A1(804)C1. According to 0. J. B. Karsten, 
and F. J. Knapp, a cone. soln. of aluminium sulphate can be mixed with so^um 
chloride without any separation, and on evaporation some sodium sulphate and 
aluminium chloride are formed ; and, according to (1. Friedel, with calcium chlorida, 
some calcium sulphate is produced. A. Cossa found that when aluminium sulphate 
is heated with magnesium finoridc, some magnesium sulphate is formed. According 
to 8. E. Moody, a mixture of potassium iodide and iodate reacts with a soln. of 
aluminium sulphate, forming a basic salt which when boiled is completely hydrolyzed 
Al 2 (S 04 ) 3 -b 6 KI+KI 0 s-)- 3 H 20 = 2 Al( 0 H) 3 -f 3 KjS 04 -b 3 l 2 ; F. A. Gooch and 
E. W. Osborne found that the reaction is about five-sixths completed with a mixture, 
of potassium bromide and bromate ; and very much less with a mixture of 
potassium chlo^ and chlorate. A. Violi found that aluminium sulphide is 
formed by fusing the sulphate with sulphur. According to A. Seyewetg, and 
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0 Chicandard sodium thiosulphate reacts with aluminium sulphate, Al 2 (S 04)8 
+ 3 Na.,S.,Oi= AI 2 O 3 ■t- 3 Na 2 S 04 f 3 S 02 + 3 S, in boiling soln,, and in the cold, 
Al,(S 04 ).-|- 3 Na, 8 j 0 ., • 3 Na 2804 +Al 2 (S 203 ) 3 , and the latter then decomposes 
Al 2 (S 203 ) 3 + 3 H 20 - 3 H 2 S+Al 2 (S 04 ) 3 . According to A. d’Hcureuse, iron, or zmc 
has only a slight action when calcined with aluminium sulphate. F. Kunheim 
studied the action of carbon on aluminium sulphate in the electric arc furnace. 
J. ,J, Berzelius reported that hydrated aluminium sulphate is scarcely soluble in 
aicoiiol ! and W, F. 0. de Coninok found that 100 grms. of glycol dissolve 16-82 
grms. of aluminium sulphate. 

Acid aluminium sulphates. -The solubility of aluminium sulphate in sulphuric 
acid has been measured by F. Wirth who found that at 26°, the solid phase was the 
oetodecahydrate, and expressing the results in grams per 100 grms. of sat. soln., 

H so, .0 0 10 20 30 40 BO 00 70 . 75 

A^SO,), . 27-8 20-2 20-2 lll'B ll-O 4-8 1-5 1-0 2-3 4-0 

The presence of sulphuric acid at first raises the solubility of aluminium sulphate in 
water, but a further increaw^ in the amount of the acid depresses the solubility very 
consid(^rably; from 20iV-acid onwards there is a slight increase in solubility without 
any change in the solid pha.se. 

Three acid aluminium sulphates have been reported : 

(H.S0,)5-AI, (S (),)2 (HSO.b Al, =80, (H.SO,), Alj-(HSO,), 

These salts can also be regarded as hydrostilphalo-aluminic adds; the salts 
of the first member forming the class of salts called alums. E. Baud 
found that when aluminium hydroxide or bauxite is boiled with dil. sulphuric 
aeid ( 1 : 1 ), trihydiated glnminium dihydrosulphate, Al 2 ( 804 ) 3 .H 2 S 04 . 3 H 20 , or 
Al 2 ( 804 ) 2 (HS 04 ) 2 . 3 H 20 , is formed, and it crystallizes in colourless needles which, 
after washing with acetone, can be dried on a porous tile. The salt is also formed 
when aluminium sulphate is dissolved in sulphuric acid at 110 °- 112 °; and, according 
to F. Wirth, a mixture of cone, sulphuric acid and aluminium sulphate solidifies in 
a few hours, forming this same salt. The crystals dissolve slowly in cold but 
rapidly in warm water. H. St. C. Deville made some observations on this subject. 
F. Jeremin noted that when cone, sulphuric acid is gradually added to a cone. aq. 
soln. of aluminium sulphate, there is a precipitation of hydrated aluminium sulphate, 
and with 5 c.c. of soln. to ()'3 c.c. of acid, the precipitate has the composition 
A 1 . 2 ( 804 ) 3 . 22 H 20 ; but with equal volumes of acid and soln., the precipitate 
is decahydrated aluminium tetrahydrosulphate, Al 2 (S 04 ) 3 . 2 H 2 S 04 . 10 H 20 , or 
Al 2 (S 04 )(HS 04 ) 4 . 10 H 20 , and with 20 c.c. of acid to 5 c.c. of soln., there is searcely 
any turbidity produced. The maximum precipitation occurs with 5 c.c. of soln. and 
1-6 c.c. of acid. .1. Kendall and A. W. Davidson found the molar solubility of 
anhydrous aluminium sulphate in anhydrous sulphuric acid at 25° to be below 0 01 . 
According to R. Silberberger, heptahydrated aluminium hexahydrosulphate, 
Al 2 (S 04 ) 3 . 3 H 2 S 04 . 7 H 20 , sulphaloaluminiv add, Al 2 (HS 04 ) 3 . 7 H 20 , or, as he calls it, 
aluminosulphurk acid, is prepared by adding aluminium sulphate to cold cone, 
sulphuric acid and warming, when a voluminous white precipitate separates. On 
diluting with ether, filtering, and washing with ether, the acid is obtained as a white 
powder, decomposing in moist air and dissolving in water, the soln. soon decomposing 
into aluminium sulphate and sulphuric acid. The addition of barium chloride to 
cone, sulphuric acid soln. of aluminium sulphate furnishes a complex barium 
sulpkatoaluminate which immediately decomposes. 

BaMo alnminium sulphates. —The alleged formation of basic aluminium 
sulphates by the hydrolysis of aq. soln. of aluminium sulphate has been previously 
described. L. Liechti and W. Suida ^ observed no visible hydrolysis on heating or 
diluting a soln. of 200 grms. Al 2 ( 804 ) 3 . 18 H 20 in a litre of water; with a soln. of 
200 grms. Al 2 (S 04 ) 3 .l 8 H 20 and 31-82 grms. of sodium carbonate per litre, there was 
no visible change on heating, but a precipitate formed when the soln. was diluted 
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four-fold ; with a solu. three-fourths as coiic. there was no visible eliange on healiug, 
but dissociation occurred on diluting ten-fold. With a soln. made from 2 tl 0 grins, 
of A 1 . 2 (S 04 ) 3 . I 8 H 3 O and 45 7 gnus, of sodium hydrocarbonato per litre, a jelly was 
formed on heating, and a precipitate remained on cooling ; while diluting the soln. 
one-half caused a precipitate to appear in the cold. A soln. of 300 grms. 
of Al 2 (S 04 ) 3 . 18 H 20 and 151'3 grms. of sodium hydrocarbouate per Utre, became 
turbid in a very short time. Hence, hydrolysis occurs more readily (i) the more 
basic the soln., (ii) the more dilute the soln., and (iii) the higher the temp. L. Liechti 
and W. Suida added that sodium sulphate accelerated the hydrolysis, but L. Liechti 
and H. Schwitzer said it retarded the decom})o 8 ition, The latter statement accords 
with 11. Schmid's observation that sodium sulphate retards the preeiiiilation of 
alumina by sodium carbonate. 

According to H. 0. Denham, the percentage hydrolysis, 100/, of aij. soln. of 
aluminium sulphate, calculated on the a.ssumjition that the reaction is rejiresented 
by Al 2 (S 04 ) 3 -|- 2 H. 40 v:a 2 Al(S 04 )H 0 -f H«S 04 , for soln. with a mol of the salt in i> 
litres of water at 25°, is : 

V . . . 4 S Hi (i-i 

lOOv . . 0-323 U-74S 1-iliO 3 ()l(l ;)'4!l3 U-OCK) 


Values have also been obtained by 11. Ley, L. Kahlenbergand eo-workers, L. Uruner, 
and ti. Carrara and tl. 11. Vespignani. According to .1. L. (lay Lussac, aluminium 
hydroxide dissolves m aq. soln. of aluminium sulphate. The freshly prepared 
hydroxide dissolves fastest, and attains e(|Uiiibrmm more quickly than the aged 
hydroxide. K. Krcmann and K. lliittinger measured the solubility of aluminium 
hydroxide in soln. of aluminium sulphate of different cone, at 2 ( 1 ', It)'', and fid". 
Expressing colic, in grams of sulphate and hydroxide ju-r KKI grms. of water, and 
molar jiroportions ALO 3 : : Hot) as a ratio, the results at 20 " are : 

.M.lSO,) , 3-37 ,30 tl-l 1.7 0 300 Ill'll ;|30 :14'7:1 

-Alt'Olf), . . O'lo O'liO I'tiO l-Ot 1-40 4'30 2 7."i O-ilg 

Sole! ehaa.' I ; 1 . a l:S 1C I ,'1^111 


The results for two temp, are indicated in Eig. (iD, where the .solid plia.se is 
ALOs.lSOj.tllLO along ab and «i'; Al 203 . 2 iS 0 ;j.l 21 l 20 along be and 6 V ,' and 
.ALlSOjls.KilLO, along cd and c'd'. They represent the constiliition of these 
two hydrated basic salts as derivatives of ALOlOlIlj, thus : 


0< 


AI-(OH) 

AUqOH) 


0 <^<ISO. 




Numerous other basic hydrates have I 
mediate stages in the hydrolysis of the 
normal sulphate, and available evidence 
is not sulHcieut to establish their 
chemical individuality. S. U. Pickering 
regarded them as mixtures whoso com¬ 
position depends on the conditions 
under which they were prepared. Thus, 
0. Schmatolla, under various condi¬ 
tions of precipitation, obtained hy¬ 
drated basic products with AI 2 OJ: .SO 3 
as 6:1, 12:1, 24:1, and 48:1. 
L. B. .Miller, F. S. W'illiamson, and 
E. J. Thericault and W. M. Clark 
studied the jiroiluct.s of the partial alka 


reported. Many are no doubt iiiter- 
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of .soln. of alum. 


K. Heliluniborger re|s)rted that tho precipitate funned when eluininiuiii sulphate 
is exactly neutralized with alkali-lye conaista of dihydrated tetralumlliliiffl Isaakydraxy- 
SDlphate having the composition 2Al404,S04,7H4O. He called it ftpcft'o/ssid/odi^wiainigus. 
VOU V. • s 




.aft mmcr-mc 4 Nd theoretical chemistry 

The eulnhele « i>ivc iinUiU-t «hen eodmm alu,nim^ is neutralised with aimn, or when 
a slin of alL. to M alkali has been added mtd a shght permanent p^cipinue h 

M, i» bciled or « hen a aoln. of aluramium acetate 18 boded with a/kah aulphatea. ft 
.taWe only in lh« (ireaenee of alkali aulphatea, and la partially diasoived by water. Tie dry 
aulmUmce lom 2 HM at and fo™.s the pentaiydrate but is otherwise stable, ft 
soilib/t’m cold acetic acid, l>uf is reprecipitat^d on boiling, and redisao/ves on cooim^r^ 
in fbw twomhling the ordnmry jduniiniuni mordanting soln,, the essential constituent of 
ichich uft[jears to be an acetate and sulphate. He considers the hydrate to be constituted 
AI^(OH)glgSOt. According to F. S. Williamson, E. Schluraberger’s product is a mixture. 
Vhen 2 to 4 mohs of sodium hydro.xide arc added to a soln. of one mol of aluminium sulphate, 
the precipitate* has the composition Al2(S04)3.(AJj05)4.15H20, t.e. deos-alumlnlun} 
bydroxytrlsulplwte, Al2(.S()4)3.8Al{OH)3.3Il20. The substance loses less than one-tenth of 
its water over con<'. sulphuric acid at ordinary temp., and all i.s lost at 150®. Loss 
tliuii one-third is taJ<en up again at lower temp, so that the I'eaction is not reversible. 

O. Kdchlin-ScJiouch, and W. Oiiin made tlio docahydrate, 2AI2O3.SO3. lOHjO, by boiling 
aluminium acetate with a soln. of ixitasaium sulphate ; L. F. Bley made the dodecahydrate 
by adding an o.xcess of alkali carbonate to a soln. of alum. The dm-ahydrate is represented 
ill Jiatun) by the rhombic mineral fehihanyite whi<*h, according to W. Haidinger has the 
sp. gr. 2'32, luid hardness 15. It wa.s found in .snow-white or yellowish masses at Kapnik 
(Hungary). The ;x*ntadecahydrafe, 2AI2O3.SO3. IfiHjO, is repi’esented by the mineral 
parahminak, closely related to aluminate, which occurs near Halle, Huelgoet (Brittany), etc. 
Analyses wore made by P. Berthier, G. Steinberg, H. Backs, E. W'ollT, JR. Dieck, L. J. Las- 
saigne, and K. Geist. The related pmophane—irom rlffffa, pitch ; ^vSs, appearance—of 
A. Hreithaupt. analyzed by 0. L. Erdmann, contains much ferric oxide. 

H. Dobray reported 5Al2();,.3SO3.20H2O to be formed by boiling an excess of an aq. soln. 
of aluminium sulphate with zinc ; L. F. Bley, 3Al3O3.2SO3.2H.2O, by the incomplete 
ftrecipitation of a soln. of aluminium sulphate with aq. ammonia; C. •). Bayer, 
3AI.2O3.28O3.OH3O, by boiling a soln. of aluminium sulphate with an excess of aluminium 
hydroxide ; A. Lowe, and H. Debray, 4Al303.3S02.3(iH20, and 8AI2O3..5SO3.25H2O, by 
the utdion of zin<! on a cold soln. of aluminium sulphate m excess ; N. Athanasesco, 
nAl2O3.48()3.0H2O, in colourless rliombohcdra, by heating a 3 per cent. soln. of normal 
aluminium sulphate to 230® in a soalo<l tube ; and G. F. Rainmelsborg, 3A!2O3.4SO.,.30H.2O, 
os a crust on the sides of a glass buttle in which dil. sulphuric acid sat. with uhuninium 
hydroxide, was kept many years. K. Phillips found a moderately dil. sulphuric acid soln. 
of aluminium hydroxide, on lieing mixed with water, deposits for many months a basic 
.salt of composition similar to C. F. Hamnielsberg's salt ; and .1. L. (lay l.ussm' added 
that tlio filtrate lias a similar composition, and becomes turbid as often as it is warmed. 

8. U. l*ickering found that the addil ion of sodium hydroxide to a soln. of alummiuin sulphate 
completes (he precipitation when tlm quuntity addl'd reacheH 1833 cq. implying the possible 
formation of fiAl^Oa.tiSOj./iHgO. J. (ladamer reported .’\l2(804)j.Al3(0H),.9H20, or 
2Al203.38()3. t21ijO, to Ik> formed by slowly evaporating a mixed solii. of potassium chromate 
and uluminiuin sulphate - the first crop of crystals is poUwh-alum, then pot^sium dichro- 
mate, and (hen the 2 : 3 : 12 salt, wdule chromic m‘id remains in soln. F. Gol.)el, and 
N. Mill also reported 2Al303,3S03.nHa0. 


0. Schiiiatolla obtained a basic snlphate Al^0jj.S03.«H20 by the action of calcium 
carbonate on a cold soln. of aluminium sulphate. According to J. J. Berzelius, 
heptahydrated aluminium tetrahydroxysulphate, Al2(S04)(0H)4.7H20, or 
Al2()2{S04).9H20, is produced by washing the precipitate obtained by adding aq, 
ammonia to a soln. of aluminium sulphate. L. F. Bley —vide supra —said that the 
product is more basic than J. J. Berzelius supposed. C. Bdttinger found that the 
tetrahydrate, AU(0II)4S04.4H.2(), or Al203.S()a.6H2(), is deposited when an aq. soln. 
with 5 grms. of alumininm sulpliate and 1'5 grms. of sodium chloride is heated in 
a sealetl tube at 140 ". The heptahydrate is represented by the earthy mineral 
alutninile of D. L. G. Karsten, the kallile of . 1 . G. DelanuHhcrie, the reine Tonerde of 
A. G. Werner, the native argill of R. Kirwan, the webslerite of J. Brooke, and 
F. S. Beudaut. It was analyzed by F. Stromeyer, A. Dufr^noy, C. Steinberg, etc. 
Its 8p. gr. is 1*705 and hardness between 1 and 2 . 

According to P. Marguerite, when ammonia alum is decomposed by heat, 
anhydrous aluminium sulphate is first obtained, but pushing the decomposition 
somewhat further, sulphuric acid is volatilized ; so that by carefully regulating the 
heat, a residue can be finally obtained almost entirely soluble in water, 
and consisting mainly of hexahydratetl aluminium dihydroiydisulphate, 
Alg0j.2S03.l2Hg0, or Al2(S04)2(0H)2.UH20. This salt, which has not been before 
described, is entirely different in appearance from the ordinary sulphate. It 
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Rrstallizfs in rhoinbohedrons and not in nacriious scales; its solubility in water at 
Br is about 45 jier cent,, but it can be separated from the ordinary sniphate by 
^tional crystallization. A. Maus obtained this hvdrosulphate by evaporating 
io dryness a hot filtered soln. of normal or basic aluminium sulphate and hydroxide. 
The product is a sticky mass. H. Spence made it by mixing a soln. of aluminium 
tsulphate with enough calcium hydroxide or carbonate to give the necessary basicity, 

' The filtered soln. was evaporated in vacuo. The mineral alumiaii was obtained by 
A. Breithaupt from Sierra Alniagrera (Spain); it has the same eomposition as 
P. Marguerite's salt. Its sp. gr. is 2'702 2'78l, and its hardness 2 to 3. In the 
progres.siv(‘ dehydration of alumian, R, Kremann and K. Hiittinger found breaks 
in the vap. press, curve corresponding with the hydrates 1 :2: 12; 1:2:11; 
and 1:2: Id. 

tviml lias lieen regarded as a biific was oblanaxt liy K. Kiselier as a l)loe anode 

deposit wlien aiilpliurie acid of sp. gr. M?.') is eleilrolyzed with idiiiiiiiiiiiiii eleeliodes. 
I.ajers of a hluisli.green tint are deposited on tlie iinodo, esiKs-iiilly when die eleetmlyle 
is kept cool; tfie [lorliona of tlie deposit next to Ilia eleetroite are, hoaever, inlenaely liliic. 
Mieroseopie examination indicated Ifiat tliis hliie deposit is not a uniforin siilistaiiee, ft 
IS not acted on by distilled water, ltd. hydroeliloric seid of such a strength ns to iM't 
vigorously on aliiniiniiini at the oriliiiary tein|i. has scarcely any aeliini on it. When 
wanned with hydrochloiie acid, hydrogen is evolved, traces of silicic acid reinaiiiiiig ; 
the filtrate gives a precipitate with laiiiiitn chloride and also contains iihinnninin. The 
product is free fioin siil|ihide and eontains a basic aliiiniiiinin sulphate, a little silii-ie acid, 
and traces of iron. When heated, it Is'coiiit's white. 
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§ 20. The Complex Salts of Aluminium Sulphate 

The alununiuiii suU« have a marked tendency to form complexes; and this is 
well illustrated by the sulphate which forms a series of complex salts of the type 
Ra"S04.Al2(S04)3.24H20, or R'Al(S 04 }a.l 2 H 20 , where R' represents a univalents 
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ra^licle; tliene salts ar<* grouiM'd nmhr tlio generic alunu. Tlie nnivalent 
elements which take part in the furniation of alninsare : thalliunu ca*siuin, ruhhinnn, 
jM)ta8Hiuni, Hinl stMUuni ami j> 08 sibly lithium ami silver as well as the tniivalent 
radicles amtmmium, hydroxylainine, ami alkyl-ammonium. Ten tervalent elements 
can act instead of aluminium; thus, titanium, vanadium, chromium, manganese, 
iron, cobalt, gallium, indium, iridium, and rhodium. Excluding lithium, silver, 
hydroxylainine, and alkylammonium, this makes t)C members of the alum-family. 
In addition, a number of selenic alums have be«'n obtained in wliieh .selenium 
replaees the sulphur; and E. von Ueriehten ‘ obtained other alums in which one 
component is a selenate and the other a sulphate. This would make ‘ibl alums. 
Only a fraction of these combination.s has been obtained. No attempt lias been 
made to prepare some of them, and witli others, the attempt has failed owing to 
the instability of the eumplex. Allowing for the relatively h)W stability of the 
tervalent forms of some of the elements, as a rule, the greater the mol. wt. of the 
univalent radicle, the gn^ater the stability of the alum, and eoiiv<*rsely, the greater 
the mol. wt. of the terval«‘Ut imdal the less the stability of tbe alum. Tlius, 
sodium forms alums only with the lighter tervalent elemmits aluminium, vanadium, 
and chromium ; the only stable potash alums are. those of aliiminiuiii and chromium : 
and with some tervalent elements the rubidium and eicMum aluins are the only 
stable forms. If an element will form an alum, J. Locke has stated that it will 
do .so more reailily with ca'sium sulphate than with any of the other alkali sulphates. 
He said, “ If an alum cannot be formed with rH*sium sulphate, it cannot be, formed 
at all.” The Milphate-alums wliieh have heem reported are indicat<‘d in Table VI. 
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F. B. Venable tried to make double alkali aluins by ery.stallizaliou from nnx<‘d soln. 
of potash-alum and soda-alum, but he obtaim-d only a varialde mixture of crystals 
of the two salts, in which the inferior solubility of potasli-aluni makes this salt 
predominate in the isoniorphous crystals. Jl. SchitT. and H. Krickineyer obtained 
similar results with mixtures of potash-alum and ammoniu-alnm. S. Kern claimed 
to have made stiver alum, or silver almninium sulphate, Ag.,S04.AL(S04)3.24Ho0, 
by evaporating a .soln. of molar proportions of the constitiimit salts; and 
A. H. Church and A. B. Northcote by heating silver sulphate, aluminium sulphate, 
and water contained in a sealed tube on an oil-bath. The latter say that the 
octahedral crystals are decomposed by water. 

Some of the alums occur in nature. The so-called mendozilr found at .San Juan 
Mendoza, east of the Andes, was analyzed by T, Thomson,^ but the water of crystal¬ 
lization is not that of the alums. J. J. N. Huot called it mlroalun. IJ. Shepard 
proposed calling soda-alum solfatarile; and he reporte^l that the native alum on 
the island of Milo is a soda-tjum, but later he accepted C. Hartwell's analyses, 
which makes it an alunogen. According to E. Divers, the native soda-alum from 
Shimane, Idzumo, Japan, has the typical alum formula. The mineral lamarwf^e 
obtained by H. ^hulze from the Fampa del Tamarugal, Cerros Pintados, Chili, 
has the composition of soda-alum, but only half the water uf^crystallization of an 
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alum prniior. L. Donicyko’s ahtmhre nnlino has a similar composition. The mineral 
simvnilr, from Copiupo is a soda-alum with up to half the sodium replaced by 
magnesium {viih infra). In 171(2 S. Breislak, and in ITSf) M, H, Klaproth, showed 
that the alum from Miseno and Solfatara, near Naples, is potash-alum. The latter 
said : ■■ The iinillo ih alame at Miseno, Na|>h's, serves as a laboratory whe^re nature 
alone, unassisted by art, is constantly producing perfect alum.” J. D. Dana called 
native alum biUnile. It occurs as an efflorescence on argillaceous minerals— e.g. the 
slum shales of Whitby; at Hurlet and Camp.sic near Glasgow; at the volcanoes of 
Lipari and Sicily; Cape Sable, Maryland; Sevier, Tennessee; Brandfeldern, 
Saarbrheken, etc. F. 8 . Beudant, and W. Gruner showed that ammonia alum 
occurs M a mineral which was called by F. von Kobcll Ischermigite, after Tschermig, 
Bohemia, where the salt occurs. It has also been obtained from Wamsutter 
(Wyoming), Dux (Bohemia), Tokod (Hungary), and the crater at Etna. Analyses 
were made by C. H. I’faff, W. A. Lampadius, P. Stromeyer, L. R. Lecanu and 
M. Blanchet, etc. T, Garrictt, speaking of one of the sulphur wells of Harrogate, 
said: “ I have discovered alum therein, and I suspect salitcd clay.” A. Hunter 
found none. R, H. Davis analyzed one of the old alum wells of Harrogate and 
found 89-47 grains of aluminium sulphate, 3-14 potassium sulphate, and 219 
ammojiiiun sulphate per gallon. 

L. Kraloyausky '■( stated that the evaporation, at temp, below 11 °, of a mixed 
solti. of lithium and aluminium sulphates furnishes octahedral and dodecahedral 
crystals of lilhm-alum, or lithium aluminium sulphate, 1 , 1 . 2804 . Alj,(S 04 ) 3 . 24 H., 0 , or 
do<lecahydrated Hlkiam ilimlpImlo-aUwiiimle, LiAl(S 04 ) 2 . 12 Ho 0 . Au mnlniirc, 
(.. 1*. Rammelsherg was not able to prepare the double aul|)hate and .said that it does 
not exist. F. A. H. Schreineniakers and A. J. ('. de Waal, in their study of the 
ternary system, 143804 —Al 3 ( 804 ).(— Hot), found btr the percentage composition of 
the soln. at 30“: 1 e i 

LijXO, . . 25.1 21-1I3 Ki-iu li-7:( ((■-.'> :t- 4 t 0 

Alj(S()j)j . 0 5.34 14.33 20-70 22 08 2t-:t4 20-12 28-0 

Soua , . lI^j.KjO ' Aigso.ij.isHjO 

The liiie all, Fig. 60, represents the solubility of hydrated lithium sulphate ; M, the 
solubility of the same salt in a metastable condition ; h, a transition point; he, the, 

solubility of octodecahydrated alu¬ 
minium sulphate, t'onsequently, the 
only solid phases at 3(1° are LijSOi.HjO 
and ALfSOila.lSHjO; but this does 
not say what would occur at the lower 
temp, expressly mentioned by L. Kralo- 
vansky. 

K. G, Wellner^ stated that sorfa-a/nm 
crystallizes from the mother liquid 
remaining after the separation of 
potash-alum when soap-boiler’s lye, 
containing sodium chloride, has been 
employed in the preparation. P. Zellner 
obtained octahedral crystals of soda- 
alum by the spontaneous evaporation 
of a mixed soln. of sodium and alu¬ 
minium sulphates. Analyses of the 

4 TT rr 01 1 , Wellncr, P. Zellner, 

A, Ure, T. Graham and W. R. Smith agreed with sodium aluminium sulphato, 
Nai,S04.Al3(S04),.24H20, or dodecahydrated sodium disulphatoaluminate, 
WaAJ( 8 () 4 ) 2 . 12 H 20 . According to J. B. Sj»ence, the crystals are obtained from 
soln. of sp. gr. 1*30, if more cone., say by cooling a hot cone, soln., a viscid mass 
J 8 obtained, which c^tallizcs very slowly. These statements have been confirmed 
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by J. M. AVadmorc, E. 0. Dumont, etc. G. Bergeron, and W. Bcat.'^on 

have described the maiuifaeture of siMla-iiUim. E. Auge said that the suln. of tlu' 
mixed salts cannot be evaporated in the ordinary way to tin* density necessary for 
crystallization without employing a temp, of at least 73 and the siHia-alum 
soln. wlnm heaUnl to this (h'gn**' is rendered incapable of crystallizing. K. Auge 
obviati's this difficulty by conducting the (‘vapuration under reduced press., and 
obtains the reijuired sp. gr. (I'38 to l-4t)) at a temp, of about 48' in no ease 
exceeding J. Bock added that if the soln. is made slightly alkaline by the 
addition of basic aluminium sulphate, the formation of the viscid mass does not 
occur. W. R. Smith said that the best way of making soda-alum is to diH 8 <»lve 
the 4:omponent salts in an amount of water sufficient to give a 8 <iln. moderately 
supersaturated at ordinary temp., and then co<d the stdn. nulucing crystallization 
by stirring or seeding. This gives small crystals similar to alum-meal: if larger 
crystals are (h'sired. tin* soln. should lx* slowly evap 4 »ruted at onlinary temp. 
As in the case of lithia-alum, the existence of so 4 la-a]um has been denied- - 
e.g. W. Ostwahl has said that the jdace of potassium in potash-alum cannot he 
taken by sodium or lithium. The indivhluahty of soda-alum is now well established, 
but that of lithia-alum is still mh judice. 

The general method of |)reparing alums is to (TVstallize the complex salt from a 
mixed soln. of the component salts. L. Geschwind.^* K. W. Juriw'h, K. .lunemann, 
I), (i. Fahrenheit, J. M. Wilson, and b. humnicr have written monographs 
on the manufaeture (d alum. The analyses of T. Thoms 4 m, b. .1. Thenard 
and M. Ibmrd. b. N. Vauquelin, T, Graham, and J. b<)we show that po/us/j- 
(ilutu cnrrespfunls with potassium aluminium sulphate, K^SOi.AbfKOJa‘24!l.db 

or tlodecahydraled polassiuin disulpluthhnhimimiit', KA 1 (S 04 ).^. 12 HJ). As indi¬ 
cated in connection with th<‘ history of aluminium, the manufacture of alum from 
aIum-ro(‘k or alumte a basic potassium aluminium sulphate, vide iufrn dates 
from 4 *arly times, Tin* a(j. extract from the roasted ore contains sufficient 
potaH.sium and aluminium to furnish a crop of crystals of potash-alum. b. Duncan 
has de 3 cribe 4 l the jirocess with the ore at Toiiopah. A. Matheson, J. b. Silsbee, 
<‘tc., have suggested mollifications of the process. T. H. Wright treated a soln. 
of potassium chloride* witli magnesium sul)>hate, and added a soln. of aluminium 
sulphate to make the sp. gr about b384. The soln. was heated to 90’^, and cooled 
for crystals of potash-alum. As sliown by A. F. ({I'hle'ii. the .‘io-cal)i*d liomtn alum, 
as formerly prepared, had a higher degree of purity than ordinary alum; the 
crystal.s were usually cubic. Alum is Ui-day manufactured of an eepially high 
degree of purity. H. T. S. Britton studied 
the ternary system, Ab(S 04 ) 3 -- K 2 SO 4 - 
at 2-V‘, and his results are summarizeil in 
Fig. 67, where the ordinates represent the 
number of grams of water in which KX) grms. 
of the solute dissolve to give a sat. soln. 

Indications of the solid phases K 2 SO 4 , alum, 

A!.>(S 04 ) 3 .I 8 H 20 , were obtained. Potash alum 
is also made from alum shales which contain 
pyritea, and sometimes, according to H. Miiller, 
organic sulphides. Various processes of manu¬ 
facture have been indicated in connection 
with the extraction of alumina {q.v.). 

W. A. Lampadius discussed the fonnation of alum from mixtures of pyrites and clay. 
The sulphides in the alum-shales and alum-clays can be oxidized by weathering or by a 
low-temp, roasting. The oxidized ore is leached with dil. sulphuric acid, and the soln. 
mixed with potassium sulphate; the hot cone. soln. is rapidly cooled while being agitat^, 
when small crystals of alum-tne^ are deposited. This product is drained and washed with 
the mother liquor from the block-alum crystallization. The alum-meal is piirified by dis¬ 
solving it to fonn a hot sat. soln., which is clarified by the addition of a little size to precipi¬ 
tate the suspended matters. Ihe clear soln. is decanted into vats fitted with movable 



Fio. fi7.— The Ternary System, 
Kj804-AU(804),-H,(h at 26^ 
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stavM. crystals of hlock-^um collect on the staves. In a few days, the staves are 

romovc<l,aiid holes l>orod in each moss of block-alum to allow the mother liquor to drain 
away. 1 ’|h' hlock-alutn is thou broken up for the market. When tho shales contain much 
iron, tho ferric sulphate can Ik) cotivort<i(l into cliloride by tiu' addition of potaasiuin chloride 
alone or mij^cd uith (be siilpliati'. Tlie iron then retnuiiis in soln. us feme chloride instead of 
erystalliidn^' uk an isomorpliouM iron alum. J. Hock stmlied the conditions favourable for 
tho formation of lan?e crystals. 

Alum is also niaiiufactiircd from blast furnace Hlags, bauxites and other 
hy<lrate<l forms of alumina, clays and other aluniino-silicates. .1. W. Hinchley 
described the manufacture of alum from leucite. These siliiiates mayor may not be 
advantageously calcined at a low temp, to make them more susceptible to attack 
by sulphuric acid. C, Schwartz considered the best calcining temperature to be 
about 5C)0 , and the best concentration of the acid to be that with a sp. gr. 
between 1*297 and 1*530. According to L. tleschwind, the calcination temperature 
employed in France is l(:fX)”--mVic “clays” for the ofiect of the temperature of 
calcination on the solubility. On a manufacturing scale other factors arc involved 
the tendency of the mass being extracted to retain its porous granular form, 
or to disintegrate into a compact powder not easily penetrated by the acid. In 
preparing crude soln. of aluminium sulphate, powdered bauxite is boiled with dil. 
sulphuric acid until nearly neutral. The dil. liquor containing finely-divided 
residue m suspension is allowed to settle, and the liquor cleared by filter-j>re8S or 
other means. To eliminate the diffieulti(‘s attending the removal of finely divided, 
undissolved r.'Hidue from the liquor, W. B. Llewellyn and H. and R Spence use a 
bauxite (ir clay which retains its form, without disintegration, during the extraction 
with aiud. 


ilu' gruiiitlar mutriml igmtcd or nut igintod in plfvf.'d m a scrirw of vatn with false 
bottoms; ft hot-soln. ol aluiiiimuin sulphate with fiv<> ueid from o previous extraction i.s 
lirst HllowiKl to iM'ivolftto through th(^ mass, and afterwanls othfT hoi or boiling soln , 
contftinmg progressively more and inoiv frei' acal, are passixl through thi' materials Weak 
liquors from j,ix<vious ojKWfttions and lirially water are aliow.'d to circulati' through the 
exhausted bauxite, whieli is then allowed to dram. Tlie exhausted bauxiti' is replaced bv 
fresh material, which then takes its place in tho cycle of operations, -nic clear neutral or 
lawo soln. of aliirnmium sulphate can thim be puritied from iron, and converted into alum, 
to. J ho process has also been adapted to aluminous clays, etc. 


1. S|)cncc (1870) desiTibed n proci'.ss of making alum from mineral jjhosphatos; 
• "'‘‘•'‘pal-li prejiared alum from the asliea ol boghead coal; and (4. (Jlemm 
utilized the siilphatea from the Stassfiirt deposita by adding to each mol of 
aluiiimium chloride in liydrochloric acid soln., one mol of schiiiiite and 2 mols of 
kiesorite ; 2 AIOI 34 K.SO,.) aMgSOj^olMgCU ) K.,S 04 .Ali,(S 04 )g. The alum readily 
crystallizes out leaving the magnesium chloride in soln. Some have prepared alum 
by using potassium ehloride, eT. H. Wright treated a soln. of that salt with sodium 
sulphate, and then added aluminium siilpliate, to the slightly acid soln. Potash- 
alum crystalhzes out. The use of potassium chloride in jilaoe of the sulphate hinder.? 
the formation of iron-alum isomorphous with ordinary alum, and is used where 
sufficient iron sulphate is present to supply the necessary sulphuric acid to 
produce alum. The alkali chloride converts the ferric and ferrous sulphates 
to the more soluble chlorides. An excess of alkali chloride would attack the 
aluminium sulphate, and produce aluminium chloride which would be lost. 
A. R. Lmdblad and S. H. Hiiltman have discussed the removal of iron from 
aluminium sulphates. 

The manufacture of animonut-alum is conducted in a iiiamier analogous to 
that of potash-alum when animonium sulphate, produced from waste liquors 
from gM-works, is used in place of potassium sulphate. The analyses 
of F. Stromeyer, A. Ridault, and G. Forchhammer have shown this salt 
corresponds with ammoninm alnminium sulphate, (NH 4 ) 2 S 04 .Al 2 (S 04 ) 3 . 24 Hs 0 . 
ordodeeahydrated ammoniutndisulphaloalumimie, NH 4 A 1 {S 04 ) 2 . 12 H 20 . W.Meyer- 
ingh prepared typical crystals of hydroxylamine-alumf or hydroT ylutnin^ 
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alnmlmum snlphute, (NH 30 H)..S(l 4 .Al 2 (S() 4 ) 3 . 24 H 20 , or dodwaliydratwl hyilroxifl- 
amiw disulphalnnliimimlr, (NH 30 H)Al(S() 4 ) 2 . 121 f 2 <), in an nnaloKinis manner. 
Typical crystals of iiihiilid-nliiiii. or rubidium aluminium sulphate, 
Hb. 2 S 04 .Al 2 (S 04 ) 3 . 2 'lIL(), or dodecahydrated ii{liiih Hilt lltSulpltaJo-tllHHIlHHU'. 

KbAl( 804 ) 2 .I 2 IU(); cwtiiti-tihmi, ur csesium aluminium sulphate. 

C 82 S 04 .Al 2 (S 04 )j. 24 H 20 , or dodi^caliydratt'd <'(istuiit liisulphaUmluiHtuate, 
(’ 8 AI(S 04 ) 2 . 12 H 20 , were prepared by 0. KireldiofT and K. Bunsen from a soln. of tin* 
eomponent salts. S. Kern claims to have math* typical crystals of silirr-oltini. 

orsUveraluminiumsalphate, Ag 2 S() 4 .AU(.S() 4 );i, 2 UL().(ir.ob'(Tf/)sn//>/m/o.f/»»)i/oi/c, 

AgAl(»S 04 )o.l 2 H 20 , by evaporating mixed soln. of the component salts; and 
A. H. ('Iiurch and A. B. Northeote, by heating in an oil-hath a mixture of silver 
sulphate with aluminium sulphate and water until the silver salt had all dissolved; 
on cooling, typical crystals of silver-alum w(‘re formed. .1. \V. Hetgers has (lenunl 
the existence of silver-alum. 

The cubic crystals of alum appear as oetahe^lr.i when crystallized from 
atj. soln. In 1772, A. M. Sieflt^rl,^ ami in lHt)2, N. h* Blanc, showed that if the soln. 
be made alkaline by the addition of lime, or alkali carbonate, the crystals ur<* in 
cubes— c.uhie alum. K. 8 . Beiidant likewise obtained cubic crystals by the addition 
of a little borax ; (\ von Hauer, ammonia. and II. Kopp, alkali-lye. K. Jannettaz 
oxamimMl the effect of aluminium and ammonium chlorides, and hydriodie and 
sulphuric acids; and T. J. Pelouze and E. Eremy. B. A. Schenijatseliensky, 
N. 8 . KnrnakotT, A. Sclnihmkoff. F. S. Bemlant, \. Slia^snv. F. Klepatsehewsky, 
H. lvoj»p. .1 F, Beisoz. Polis. A. Knop, and B. Weber, tie* elfecf of lijairoehlorie 
acid. Other observations have been mach* by A. Scacclii. H. A. Miers, F. Khicke, 
li. WullT, W OauluTt, A. I^anljcr. Z. Weyherg. il l^rzibrani, A. Korhs. and A. Kota. 
Jj. Veganlaml co-workers studied the X-radiogtanis of potasli- and ammonia-alums, 
and could find no distinction between the watc'r of crystallization ami the other 
constituents of alinn. The subject has hei'u also disrusscfl hv .1. J. I*. Valcton, 
Schafer ami M. Schubert. T. Terada. and P. Niggli. 1^. Vegar<l and H. Schjeldeniji 
showed that the side.s of the unit cubes eonUining four chemical molecules of 
tmtash-aluin are 12 n 8 /!() ® cms., and of amimmiu-aUim. 12 '(K)>. cms. 
it. W. 0. WyckofT said that the heinihedral struefure of the alums has in a unit 
cell four mols with tin; eomposition H'Il"'( 8 tf 4 ) 2 . 12 ILf). and in this space group 
the four suljdiate (»xyg<‘n atoms cannot he e.vaclly alike. Three are similarly 
placed, but four are different from the other three ; the 12 mols of water fall into 
two groups -six in each. The coITOSion figures Iiav<* been examined by F. Klocke, 
and li. Wiillf; the rates o! dissolution of the difference faces of the crystal, by 
.!. J. P. Valcton; ami the percussion figures, by M. Kuhara. ’ . 

The formation of supersaturated solutions by cooling lud sat. soln. in closed 
vessels was ^Icscrihed by H. Ldwel; and L. de Boishamlran. by mixing cone. soln. 
of the component salt.s in a vessel protected fnun atm. dust. Tin* last-named found 
that if a sola, bo evaporated at 7ry'-8(i' while pr<deeted from dust, the siijiersaturated 
soln. furnisheji a hard glassy mass which does not crystallize in contact with crystals 
of alum, but if moisture be present, the glass becomes opa<jue and crystalline. 
A. Jeannel found that when the glassy mass does crystallize* much heat is evolved, 
and the mass expands considerably; he also found that a thin layer of a soln. of alum 
does not crystallize on glass. According to J. M. Thomson and W. P. Bloxain, a 
supersaturated soln. of alum may be inoculated with either potassium siiljihafe or 
octodccahydrated aluminium sulphate without crystallization. H. 8 ehiff, and 
R. Krickmeycr found that ammonia- and potash-alum form a continuous series of 
mixed crystals ; F. P. Venable studied the mixed crystals of soda-ami potash-alums. 
C. Soret reported that soda-alum can be obtained in monoclinic prisms with axial 
ratios a: 6 : C“2'5060 :1:0‘9125, and j3]', by pouring a layer of alcohol 
over a sat. aq. soln. of soda-aluin at 8 ^ 12'^. P. Groth assumes that soda-alum 
is dimorphous—monoclinic and cubic. 0 . Soret’s analysis corresponded with 
Na 2 S 04 .Al 2 (S 04 ) 3 . 23 H 20 ; but N. I. Surgunofl’s investigation shows that tjie salt 
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is docosihydratod Na2S04.AI.2(S04)g.22H20, or henademhyirated sodium disulphato- 
alumimtr, NaAliSOgjg.l I HgO—corresponding with T. Thomson’s analysis of 
mendozite and if tlie supersaturated soln. crystallizes at 20“ or leas, cubic crystals 
arc formed, and if at a higher temii., monixiliiiic crystals are prmluced. 

The apeciflc gravity of lilhm-alum is not recorded ; that of soda-alum has been 
determined by R. Krickineyer--l-675 ; H. Schiff 1'641 ; 0, Pettersson— 
I’691 (18“); C. Soret—1'73 ; A. tire —1-60; H, J. Buignet—1’567 ; that of 
polash-alum by H. SchifI—1'722; 0. Pettersson—1'762; R. Krickmeyer, and 
M. le Blanc and P. Rohland--l-757 ; A. Dufrenoy—1-753 ; H. J, Buignet—1-757 ; 
K. Stolba-1-7509; W. C. Smith-1-753 ; J. H. Has8enfratz-l-17109 ; H. Kopp 
-1-724 ; L. Playfair and J. P. Joule—1 726, or 1 75125 at 4° ; H. G. F. Schroder— 
1-711 ; and C. Soret—1666 1 669; that of rtdiidia-alnm by J. Redtenbacher— 
1-874; 0, Setterberg—1-884 at 20-6“; C. Soret —1-852; that of c(esia-aluin by 
J. Redtenbacher - 2-003; E. Hart and H. B. Huselton—1945; and C. Soret—1-911 ; 
and that of ammonia-alum by L. Playfair and J. P. Joule—1-625 ; R. Krickmeyer— 
1-645; H. Schifl-1-621 ; H. J. Buignet- 1-653 ; 0. Pettersson—1-642 at 18-8° ; 
W. (/. Smith-1-661; H. Kopp—1626; A. Breithaupt—1-602 ; and C . Soret— 
1-631. The best representative values between 18° and 20° are : 


K Rb C's 

• • 1*68 1*75 1-8S 1-95 l-«4 

r. Ihomson gayo r 88 for mendozite. C. Soret gave for his monoclinic soda-alnm, 
1'728*1 733. tor dehydrated potash-alum, L. Playfair and J. P. Joule gave 2 228 ; 
and 0. Pettersson, 2*6875 at 15'^; for dehydrated rubidia-aluni, the last-named 
gave 2*7821 at 14*9 ; and for dehydrated ammonia-alum, L. Playfair and J. P. Joule 
•gave 2 039. W. Spring measured the effect of lemperature on the si), cr., and found 
this to be: ^ * 

_ , , lo® 20 ^ :) 0 ' .'in' 70" no" 100 “ 

ro^h-alum . . 17646 1*7642 1-7638 1-7632 1-7621 1-7474 1-7067 — 

Itubidifealiim 1-8667 1-8648 1-8639 1-8635 1-8624 1-8611 1-8578 1-8564 

Cmsm-shini 2-0216 2-0210 2 0205 20200 20189 20173 2 0107 20061 

Ammomattlum. . 1-6367 1-6351 1-6346 1 6345 1-6336 1-6328 1-6209 1-6275 

J. Dewar gave PGIU for the sp. gr. of potash-alum at the temp, of liquid air, about 
-180 ; when the sp. gr. at 17® is 1*6144. W. Spring also measured the effect of 
pre-min ( 20 ,(KK) atm.) on the .sp. gr.: 


Potash-alum 

Cft>sia-nlum 

Ammonia-alum 


Not pros«n!»l. 
1-758 (21®) 
1*988 (18®) 
1*611 (18®) 


(.>nc« prosstid. 
1*766 (16-6®) 
2 - 000 ( 20 ®) 
1-620 (16-5®) 


Twice preflsed. 

1- 760(16-6®) 

2- 006 (20®) 
1-634(18®) 


A. Ure found that an m/ucous soluHon of soda-alum sat. at 15-5° had a sp. gr. 1-296, 
and contained 110 parts of salt per 100 parts of water. E. F. Anthon gave 1045 
for the sp. gr, of a soln. of potash-alum sat. at 8 ° ; and G, T. Gerlach gave 


Potash-alum . 

Sp. gr. 17-I®/17-I® . 


4 8 

1-0205 1-0416 


12 13 per cent. 

1-0635 1-0690 


Measurements with soln. of potash-alum were made by A. Michel and L. Kraft, 
E. Forster, M. le Blanc and P. Rohland, and F. Stolba. F. Fouque found the 
A y pofash-alum to be d 0093 and 10090 respectively 

j' “"“12 : and of a 34 2 per cent, soln., 1-0304 and 1 0298 respectively at 0° 
fivloe' J the sp. gr, of a 3-2 per cent. soln. of rubidia-alum to be 

1-0025 and 1 0021 respectively at 0° and 12°. J. G, MacGregor found that the 
sp. gr., D, of a soln. of potash-alum at 20® containing w per cent, of the anhydrous 
^ w=2 5, is D—Dp-f0*00951871^, where represents the sp. gr. of water 

at 20 . According to R. Broom, the dissolution of 4-99 grms. of dehydrated potash- 
alum in 100 0 , 0 . of water is attended by a contraction of 0 033 per cent. G. T. Gerlach 
measured the sp. gr. of soln. of ammonia-alum ; and M. Hock and J. A. C. Oudemans, 
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of Boda-alum. J. B(*ok(‘nkamp moastirfd the tondon modulus or rigidity of erystals 
of potash-alum, and found \W kgnns. por s<j. mm. for a cube face, and li>87 kgrms. 
per sq. mm. for an octahedron face. D. M. Torrance and N. Knight showed that 
diffusiOD phenomena of aq. soln. of sodium aluminium sulphate corresjtonded with 
a large amount of dissmiation. W. Voigt lueaHured the elasticity constants of tli<‘ 
crystals of potash-alum and found the elastic anisotropy to he small. 

The coed, of thermal ttni>ausion of potash-, ruhnlia-, ciesia-, and ammonia- 
alums can be calculated readily from the data by W. Spring** on the effect of temp, 
on the sp. gr. E. Wiedemann observed that potasb-alum contracts when hi'ated 
above 51'3" in a mercury dilatometer, and explained the phenomenon by a.sHuming 
that the complex mol. disamdate into theirconatituent mol. K. N Ivanova showed 
that the alleged contraction is a mal-observation due to the slow tilling of the 
interstices of alum by mercury. The specific heat of jiotash-aliim Itctwcen lb' and 
22° was found by E. Baud to be O‘340 ; and between ■ W' and IH", by .1. Dewar, 
0'25t). W. Nernst and F. 8chwers found the mol. ht. to be Kib titi at 183‘5°, 
and 27*83 at -217*3'’. K. Bindel found for 0*3, 10*tl, and 31t‘4 i)er cent. soln. of 
potash-alum the respective sp. ht. 0*943, 0*800. ami 0*714 ; and for 5*8, Ib-.b, and 
37*4 per cent. soln. of ammonia-alum, respectively 0*942, 0*858, and 0*691. 

T. Graham said that potash-alum loses three-fourths of its water of crystallization 
at 04*5'^, and he accordingly represented it by the formula KgSO^ AL(SO4)a.01LO 
'1 IHH^O. K. Kraut found that the same proportion of water is lost when tlie 
salt is confined ov(“r eonc. sulphuric acid for 180 days. W. Mnller-Krzbaeh 
measured the vapour pressure of the crystals of soda-, potash-, and ammonia-alums, 
and from the loss of water by potash-alum contined over sulphunc acid of different 
cone., he inferred, like T. Graham, that 18 rtf the 24 mols of water are more loosely 
attached than the other six ; with .soda-alum, he btumi one-half the watrT is more 
loosely attacherl than the other half; ami witli ammonia-alum. nine mols are more 
loosely attached than the otliers. H. G. K. Schroder found all tin* water is lost in 
vacuo at 185'^. ({. F'. (fcrhanlt foumi 20 mols of water are lost at 120 ’, and all at 
2(Kr, ami at the same time the salt becomes sparingly solubh* in watrT. S. Lupton 
said 23 mols of water are lost at 180"'-19(1’ from potash- and ammonia-alums ; ami, 
according to G. .1. Muhler: 

4u 47" jrr s-r mr im i72" 5joi“ 

Porcentuge lows H,0 . 0 (5 2T-2 29-U 34 2 .37*1 42'8 44-r> 

J. VV. Mallet found that finely powdered ammonia-alum confined over cone, sulphuric 
acirl at 20’ 27°, lost the following proportions of water in mols : 

Mols HJO lo-rt .12 3 4 r. U 7 S 9 lo 

Hours . . 75 78-5 78-5 90 9t> 122 15.5 170 182 231 

and U molsin282hrs.; 12 mols in 459 hrs.; 13 mols in 744 hrs.; 14 mols in 1121 hrs.; 
and 19 mols in 9646 hrs. E. T. Erickson foumi that the mineral tscliennigite loses 
three-fourths of its water at 105°, and nearly all at 200°; decomposition begins at 
360°, and on ignition the total loss is 88*06 per cent. K. Kraut showed that all 
the water is lost when potash-alum is heated in a current of air at 100° for 120 hrs., 
and that there is no loss of sulphur trioxide, while the salt retains its faculty of readily 
dissolving in water. J. Juttke said that the loss of wate^in air begins at 34°, ami 
at that temp. 5 mols of water are lost in 85 hrs.; at 42°, 11 mols ; at 6519 mols ; 
at 91°, 19 mols; and at 100°, 24 mols. Hence no more water is lost between 65° and 
91° than is lost at 65°. P. Zellner said that soda-alum begins to lose wat<‘r at 
40°-50°, and the crystals become turbid. J. M. Wadmore found that soda-alum 
loses about half its water at 50°, and A. Ure said all is lost at a red heat, and the 
residue is completely soluble in water. S. Mocischevsky measured the vsp. press, 
of soln. of ammonia-alum and of potash-alum, and found that each salt gave two 
curve.s intersecting in the case of the former at 82*7°, and in the case of the latter at 
79*5°. These points represent a chemical change in these alums. , 
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Wlicn the alums are heated, they melt in their water of crystallization; 
C. M. Marx found the melting point of potash-alum to be 92°; G. J. Mulder, 92 5 ; 
and W. A. Tilden, If. Erd 


AI.p. (\V. A. 'I’llik'ii) 
M.p. (H. Krdfiwnn) 
M.p. (J. L<K‘ko) 


, and J. J^ockc gave for the different alums : 

Nii- 

K- 

NH,. 

JO»' CValuin 

. or 

84-5“ 

92“ 

99“ I06“-106“ 


92-6“ 


105“. 120*6“ 

. 63“ 

91“ 

95“ 

109® 122“ 


so Uiat W. A. TiMcn’s results appear to be too low. E. Hart and H. B. Huselton 
/fuiiid the ni.p. of ojieshirn alum to be 117*^. (1. M. Marx observed the under-cooling 
of molten potash-slum. According to C. Hertwig, molten potash-alum at 100"^ 
becomes mon^ and more viscid and finally solidifies to a clear vitreous mass; at 
12<r, the. molten alum swells and loses water, and aftt^r 12 hrs. is converted into 
a porous mass containing 5 mols of water-; even at 280*", the mass still retains 
one-half mol of water. A. Naumann said that potash-alum which has been 
ept at 7H'’ for some time forms, when melted, a turbid liquid. H. Lfiwel, and 
A. Naiitimmi heated potash-alum in a si^aled tube at KXf, and the latter stated 
that the liquid becomes turbid, forming dehydrated alum, and the separated water 
hydrolyzes the. salt, forming a basic potassium aluminium sulphate ; at 20()®, the 
product, according to H. Lowel, is KjjS 04 . 3 Al 2 (S 04 ) 3 . According to E. Wiedemann, 
potash-alum expands regularly when heated up to 3(f, wlien water begins to be given 
off; the salt melts at 00"; on eooling to the original temp., there is a eontraction 
of 1'42 [)er cent., but ammonia-alum melts at 02'’, and when cooled to its initial 
temp.,the original volume is restored. M. Erdmann also found nibidia-alum at 
20r)“ melts to a clear liquid, then begins to boil, and forms the anhydrous salt; 
if the molten salt he cooled before it has lost water, it forms a sticky mass. When 
potash-alum is gradually heated to a tenij). below redness, it loses water, swells up 
very much, and leavf'sa loose, friable, jmroiis nmss of dehydrated alum--the so-called 
alumen uslnm, or fmnil alum. At a white heat, the sulphuric acid is expelled from 
tile aluminium siiljihate, leaving a residue of alumina and potassium sulphate; 
if heated in a retort, the distillate has been called s'pirit of alum, which is a soln. of 
siilphuroiis and sulphuric acids. According to C. Brunner, at a certain period 
of the decomposition, potassium hydrosulphate can be detected in the residue. 
When animonia-alum is similarly treated, alumina alone remains, the ammonium 
sulphate is volatilized. P. A. Favro and 0. A. Valsou found tliat the ammonium 
sulphate volatilizes with far greater difficulty than when alone. 

(t. Taminanu found the lowering of the vapour pressure of water by ammonia 
alum for soln. of 10 07, 34'41. and 67*90 grms. of (NH 4 ) 2 S 04 .Al 2 (S 04)3 per 100 grms. 
of water to Im respectively 10*0,36 0, and 96*4 mm. G. J. Mulder found the boiling 
point of a soln. of 210*6 parts of potash-alum in IfX) parts of water to be 111*9°; 
'r. Griilitlis found a soln. with 52 parts of potash-alum in 1(X) parts of water to boil 
at 101*5' , and G. T. Gerlach found for w grms. of potash-alum in 100 parts of 
water: 

0 7 l«7 29« (U.) 07J 2032 X 

Boiling point . lOd Uil» l<)2® 10^ 104“ 105“ 10fi“ 106-7® 


M. Flossy gave 12* 1 Cals, for the heat of solution of KA 1 (S 04 ) 2 . 5 H 20 , and —1012 
Cak for KAI(S 04 )... 12 H 3 D; for NH4A1(SG4)2.12H20. the heat of soln.-is -9*6 Cak 
According to F. BudorfT, when 14 parts of potash-alum are mixed with 100 parts of 
water, the temp, can fall from 10*8° to 9*4°. II. C. Jones and E. Mackay measured the 
lowering of the freezing points of aq. soln. of the alums, and inferred that the alums 
in aq. soln. are almost completely broken down into their constituent salts in dil. 
soln., but not completely in more cone. soln. R. Dubrisay studied the temp, of 
miscibility of soln. of alkali and aluminium sulphates. 

The index of refraction of crystals of soda-alum has been measured by C. Soret; ® 
of pota.sh-alum.byC. Soret, H. Dufet, A. Borel, A. MUhlheims, D. Brewster, F. Kohl- 
rausch, J. Grailich, J. Stefan, and A. Fock; of ammonia-alum, by A. Borel, 
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J. Grailich, and 0. Soret; and of rubidia- and ciesia-aluins by ('. 8orct. 'Ihe resultR 
by the last-named are indicated in Table VII. E. Forster calcuh^ted the sp. refraction 



Table VII- 

—KEl'RAeTIV 


Na-uluiu 

K-alum 

i 


H'-l?- 


1-44804 

1-40854 

F(486) 

1-44412* 1 

1-40420 

i)(r>i8) 

1-442:11 

1-46229 

E(527) 

1-44185 1 

1-40108 

I>(58y) 

1-43884 ! 

1-45802 


1-43053 1 

1-45630 

»(G8U) 

1-4:1503 ! 

1-46527 

u(7l8) 

1-43492 1 

1 

1-45463 


SOU KS or thk Autms. 


NiL-aliiui 

15'-il ' 

Hh-tUum 


7"-2r 

1,V '2U 

1-46923 

1-46618 

1-16821 

1-40481 

1-46192 

1-46:186 

1-40288 

1-45999 

1 -46203 

1-46234 

1-45955 

1-46141 

1-45939 

1-45660 

1-1.5856 

1-4569:1 

1-45417 

1-45618 

1-45599 

1 -45:128 

1-45517 

1-45509 

M5232 

1-45437 


of the inols. of water-fr(‘c alum in aq. soln. to be 0'180y at 24*^. Tlu‘ anomaloos 
double refraction of potash-alum has been studied by E. Keuseli, E. Mallanl, 
F. Kloekc, R. Brauns, K. Krickmeyer, and F. Poekels; and of ammonia-alum, i»y 
F. Klocke. The refractive index of crystallizing soln. of potash- and ammonia- 
alums was jiieasured by H. A. Miers and F. Isaac. E. Aschkinass found a small 
reth'ction band in the ultra-red reflection spectrum of potasli-alum at, ; a»id 
W.W.Coblentz.a maximum at 91/i. The ultra-red transmission Spectrum has water 
hands at l‘5/[i and 2fi. W. (’rookes studied the adsorption of heat rays from an 
electric arc by a.sat. soln. of ammonia-alum bcins. thick, and found tliat a thermometer 
registered 17 ()'\ wIkmi it registered 197 ’ if water alone was used. (■. Schafer and 
M. Schubert, S. B. Ni<'holson and E. IVttit, and L. V<'gard and II. Selijeldemp 
studied the ultra-red vibration frecpiencies of tin* alums, and concluded that any 
hypothesis which would distinguish tlie water of cry.stallization from water of 
ronstitution could not be recomuleil with the observed relations between the 
higli-fre<iu(‘ncy reflection spi'ctra. Tin- removal of tlie water of cry.stallization is 
necessarily accompanied by the «!estruction of that structure which is characteristic 
of the hydrated salt. Anaq. soln. of alum jiermitsthe passage of all visible rays but of 
only a few ultra-red rays; a soln. of iodine in carbon disulphide cuts off all visible light 
rays ami is ])ermeable to ultra-red rays. T. E. Aiiren found the mol. absorption of 
X-rays by alum to Ixj the sum of the at. absorptions of the constituent elements. 

K. S. Bvt'nson measured the electrical conductivity of a<(. soln. of soda-, potash-, 
and ammonia-alums. H. Jones and co-workers found for the mol. conductivity, 
fx, of jiotash- and ammonia-alums for soln. with a mol of the salt in v litres of water: 


e 

4 

8 

32 

218 

512 

1021 

2018 

4096 

'\li ,it B3° 

— 

78-9 

101-2 

127-6 

158-8 

177-8 

197-5 

218-8 

196-1 

240-6 

317-4 

426-2 

557-1 

— 

769-4 


< 1(1 at «.5°. 

. — 

80-0 

102-5 

130-1 

162-2 

181-0 

201-8 

224-2 

. 

2.36-5 

--- 

- 

.578-5 


831-5 



The alums, in dil. soln., have a conductivity wliich is almost exactly the mean of 
the conductivities of their constituents, from which it follows that the complex alum 
mols. arc broken down completely in such soln. iuto the mols. of the simpler sulphates, 
and that these simpler mols. ionize as if alone, barring the effect on the ionization 
produced when the soln. are not isohydric. In cone, soln., the alums show a con¬ 
ductivity less than the mean of the conductivities of their con.stitucMits. The 
difference becomes more marked as the cone, increases, and is of the same order as 
that observed for other double sulphates. It is much greater than tliat fouiifl in the 
case of mixtures of sulphates incapable of yielding a double salt. This must be 
regarded as evidence that the alums are partially undecomposed into the constituent 
mols. in such soln., or that the ionization into the simple ions, into which the single 
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sulphate break down is not complete. This is confirmed by the f.p. determinations, 
J. F. Daniell and W. A. Miller made some observations on the traospOTt numbers 
ol the alums in aq. soln. J. Curie, H. Starke, and W. Schmidt measured the dielectric 
constant of potash-alum; for A=« , this constant is 6'67, and for A=76 cms., 6-25. 

L. Kralovansky said that the solubility of lithia-alum in mler at orinary 
temp, is 417 grms. of the salt in 100 parts of cold water and 115 grms. of the salt 
in 100 parts of hot water. P, Zellner said that 100 parts of water at 13° dissolve 
46 7 parts of the salt, and 100 parts of the salt if the water is boiling. A. Ure said 
that 100 jjarts of water at 15'5° dissolve 110 parts of soda-alum. W. R. Smith 
founil for the percentage solubility of soda-alum: 

10" Ij" 20“ 25* 30 

Na-aluni . . . 2()’U 27'C 20'» 30-1 31-4 

There is a transition temp, about 30° with soda-alum in contact with its sat. soln. 
Above 2ft”, said E. Auge, the soln. seems to lose its faculty of crystallizing. 
J, M. Wadmore, E. Auge, and W. A. Tilden have also made observations on the 
solubility of soda-alum in water. E. Auge said that at temp, approaching 0° 
hydrated sodium sulphate crystallizes from the aq. soln. The .solubility of 
jiotash-alum has been measuriKl by H. Brandes, J. B. Richter, J. Locke, L. Marino, 
A. B, Poggiale, J. Redtenbacher, the, Earl of Berkeley, etc. The best representative 
values for the piireentage solubilities arc ; 

0’ l.»“ so 4.'*“ 50" )H.p. 

K.ulum. . . 2-87 t-SO 7'74 12'4S ll)-85 54-4,t 


To these G.J. Mulder added; l«)°,6(V63; 110°,66'67; and 111'9°, 67’81 percent, 
in which the solid phase is K Al(S 04 ).^.«H.jO. The Earl of Berkeley found that a solid 
separated from soln. at about 68". L. J. B. Karsten said that potash-alum is almost 
insoluble in soln. of aluminium sulphate. ('. Reuss, and L. Marino made observations 
on this subject; expressing the results in mols id salt per 1000 mols of water, the 
latter fouiui, with alum and alumiidum 8ul]diate as solid phases : 


0“ 

241" 


ftO' 

05" 

77' 

ti-l 

15-1 

24-1 

33-5 

43-1 

50‘6 molfl. 

2-3 

31 

3-0 


12*3 

18-9 „ 


and with alum and potassium sulphate as solid phases, L. Marino found : 


u’ 

ID' 

00" 

40-’ 

00’ 

»o" 

O-l 


1-0 

1-9 

«-7 

28‘l mols. 

7-8 

9-9 

15-2 

10-8 

34 •« 

ris-i „ 


G. J. .Mulder found that at 10”, 100 parts of water sat. with jiotassium sulphate 
dissolved 0-80 part of jiotash-alum. F. P. Venable found that the solubility of 
potash-alum is reduee<i by the presence of soda-alum; the amounts in grams of 
potash-alum dissolved by soln. eoulaining the following amounts in grams of soda- 
alum, at 2,5". are : 


Na-alum . . 4'8 lll-O 12-1 1,5-1 21-1 3:t-7 5,5-(i 70-7 

K-aluru . , 7-8 (1-1 .7-7 5-3 4-7 .'l-S 2-7 1'7 


A. Fock measured the effect of thalia-alum on the solubility of potash-alum ; and 
C. von Hauer, the effect of chrome-alum and of ferric-alum ; and G. J. Mulder, the 
effect of magnesium sulphate. J. B. Karsten found that potash-alum crystallizes 
unchanged from its soln. in presence of potassium nitrate or chloride. According 
to P. L. Geiger, if burnt alum be (|uenehed in water it remains undissolved lor many 
months, but if it has been exposed to air lor a fortnight, it regains its peculiar taste, 
and dissolves with ease. The solubility of potash-alum in o/coAof is very small. 

The solubilities of rubidia-alum and ciesia-alum have been measured by 0. Better- 
berg, J. Redtenbacher, E. Hart and H. B. Huselton, the Earl of Berkeley, and 
F. Qodeffroy. The best representative values for the percentage solubilities are: 



BRb-alum . 
ICs-alum . 
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0* 

15" 

SO” 45“ 

60* 

80* 

100-4* 

in.p. 

0*715 

1-26 

2” 15 3'85 

6-69 

17-77 

_ 

58-6 

0-21 

0'35 

0-60 104 

1-96 

5-21 

18-60 

62-00 


FThe Earl of Berkeley found that a solid separated from the solu. of rubidia*aluiu at 80°. 
iThe solubility of ammonia-alum was determined by F. Pohl, A. B. Poggiale, 
G. J. Mulder, and J. Ijockc. The best representative values for the percentage 
solubility arc ; 


0' Ul^ 20' 40 OO'* 80^ Ill.lK 

NH,.»luiti . . 2*53 4-31 1100 17 40 20-00 62 20 

and 0. J. Mulder adilod that at 110-0°, the solubility is 07-50 per cent, with a hydrate 
NH4Al{S()4).«ll20 as solid phase. According to F. Guthrie, tlu* eutectic or 
eryohydric temp, is -0'20° with 4 3 per cent, of dehydrated alum -this last number 
is too large. F. RUdorf! measured the effect of aluminium and ammonium sulphates 
on the solubility of ammonia-alum. By raising the pressure up to 4(X) atm., K. von 
Stackelberg found that the potash-alum content of a gram of the soln. was raised 
from 0115 to 0142 grm. 

Ammonia- and potash-alums have an indescribable taste, for they are sour and 
yet sweet. 0. Schumann found that when potash-alum is heated in a stream 
of hydrogen, sulphur dioxide and water are formed and the residue contains a 
litth* sulphate but no sulphide, and is but partially soluble in hydrochloric acid. 
Ph Auge stated that soda-alum i.s only very slightly efllorescent in air, and may 
he kept several months without alteration. Statements to the contrary an*, said 
to be based on obsf'rvations with the impure salt. When crystals of potash-alum 
are exposed to (hf* air, they become an opaque-white superficially, some ammonia 
is ab.sorbf‘d from the air, and a basic sulphate formeil. According to K. Kraut, 
alum which ha.H lost 18 mols of water over cone, sulphuric acid absorbs the lost 
water from the atm. during 3 months’ exjfosure, while H. von Bliicher said that 
burnt alum absorbed 18 mols of water from the atm. after 47 days' exjfosure to air 
in summer, aiul more water continues to be absorbed. The soln. reddens litmus. 
T. (Jraham F. HiulorlT, and ('. L. Parsons and W. W. Javans showed by dilTusion 
experiments that the two suli)hates can be separated by diffusion, and J, C. G. de 
Marignac concluded that tlie complex salt is formed only at the moment of crystalliza¬ 
tion. G. T. Gerlach pointed out that the slight volume changes which occur on 
mixirjg the component salts indicated that some combination docs occur in soln. 
While. 11. (’. .lones and K. Maekay showed by f.j). and conductivity measurementB 
that dil. soln. of alum in wat6r behave like soln. of the mixed sulphates; in cone, 
soln. alone are there signs of the formation of complexes. If this be .so. the libi^ated 
aluminium sulphate in dil. acj. soln. of alum should be more or less liydrolyzed by 
water as in the case of aq. soln. of aluminium sulphate alone (q.v.), exccjit possibly 
some protective action by the alkali sulphate. ('. R. C. Tichborne found acj. soln. 
of potash-alum decompose at about l(X)° with the separation of insoluble flecks which 
can bo recognized by illuminatingthe soln. The Earl of Berkeley also noted scjiarations 
with aq. soln. of ])otash-aIum at fi8°, and with rubidia-alum at 80°. A. Nauinann 
said a basic aluminium sulphate separates as a white precipitate wiien aq. soln. of 
alum are boiled. It was found that with pure alum soln. the de(!omposition was most 
rapid at first, gradually becoming less for equal intervals of time, so that a state of 
equilibrium in the liquid was reached only after a very long tinn?. Dilution of the 
soln. favoured decomposition. Free sulphuric acid, added to alum soln., prevented 
the decomposition, partially or entirely, according to the amount added. Neutral 
potassium sulphate, on the contrary, expedited the decomposition —vide basic 
aluminium sulphaG's. A. Mitschcrlich obtained Idwigite by heating potash-alum 
with water in a sealed tube at 170°-230°. According to R, Wiilstiitter, alum, can 
take up hydrogen peroxide of crystallization. 

According to J. W. Thomas, hydrogen chloride is without action on 
dehydrated potash-alum. In studying the edect of bydrochlono acid on 
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the cr/stallino form of potasli-alum (j.v.), P. A. Schemjatschensky sonie- 
tiraes obtained crystals of complex potassium chlorosulphaUtaluminafe, 
6 fKAl(S 04 }ij.l 2 H 20 I.KaS 04 .HKCl. 6 AlCl 3 . J. B. Richter noted that when potash- 
alum is heated with potassium or sodium chloride, hydrogen chloride is set free; 
while if a c(mc. soln. of the alum is boiled with potassium chloride, sodium chloride, 
or ammonium chloride, a sparingly soluble basic sulphate is precipitated. These 
reactions w(^re also discussed by R. von Wagner, and F. J. Knapp. J. B. Richter 
also observed that a mixed soln. of alum, sodium chloride, and potassium nitrate 
di.ssolveH gold. When crystals of potash-alum are kept under cold cone, sulphuric 
&cid for a ff)rtnight, a white pasty mass is formed which when treated with water 
hecomeshot, and wliendis.solv<^d in boiling water,yiclds,oucoo]jng,octahedralcry 8 tal 8 
of K 2 S() 4 .Al 2 (.S 04 ).i'lH. 0 , according to f. Hertwig; or K 2 S 04 .Al 2 (S 04 ) 3 . 24 H 20 , 
according to IV. Heintz. Boiling sulphuric acid convtTts alum into an insoluble 
white powder which, accordij»g to (’. F. Gerhardt, is converted by water into crystals 
of ordinary alur!», but, according to A. Laurent, into crystals of an acid sulphate, 
Al 2 (S 04 ) 3 .H 2 S 04 W. F. Salm-Horstraar said that if alumina be melted with 
pofassium hydrosulphatd, and the cold mass extracted with hot water, small 
six-sided crystals of a product approximating to water-free alum are produced. 
When burnt alum is iieated with carbon, a pyrophoric mixture containing alumina 
ami potassium sulphide is formed. J. Thomsen found that the thermal value of 
the reaction between potassium hydroxide and potash-alum is 30*53 Cals., and he 
assumed, in consetpience, that Al 2 (S 04)34 ()KOH--- 3 K 2 S() 4 -j 2 AI(OH} 3 -{ 30 53 Cals., 
but A. V. E. Young believes that the deduction is invalidated by the significant side 
reactions which o(^(;ur. C. B. Miller studied the fractional precipitation of alumina 
from soln. of alum- rh/c aluminium hydroxide. N. K. J)har and co-work(T 8 found 
that copper hydroxide ])ree-ipitati ‘8 almninium hydroxide from a soln. of jmtash- 
alum, and while copper goi's into soln. some is retaintsi by the [uveipitate. 
J. Lowe said that zinc in contact with platinum dipp(rd in an aq. soln. of alum 
furnishes hydrogen, and a basic uluniinium sulphate. 

Many dyes are capable of eomi)iniiig(lirerUy with the fibre of the cloth to be dyed 
in such a way that the colouring matter is not removed by water and .soa]>: in other 
cases, the fibres can be |)(‘rmanently dyed by previously treating them with 
almninium hydroxide. The fibre absorl)s the hyclroxide from aq. soln. of aluminium 
salts -the so-called red-hVyao/*, lUordniUd’ahmine, nr/fofAbme-audthc dye can unite 
with the aluminium fiydroxide to form insoluble lakes so that the aluminium 
hydroxide, is an intermediary agent or mordant enabling the fibre to be dyed. 
W. W. l’addon^‘‘ regards the effect of alum on fibres to be strictly an adsorption 
phenomenon in which both sulphuric acid and alumina arc involved; and not a 
chemical union with the fibre as advocated by E. Knecht. 

Lower hydrated forms of alum. —The dodecahydnUe of sodium aluminium sul¬ 
phate has been previously described in connection with soda-alum. According to 
L. MariuoA^ if a supersaturated soln. of potash-alum in its own weight of water at 40° 
be seeded with crystals of ammonium tliallic sulphate, (NH 4 ) 2 S 04 .Tl 2 (S 04 ) 3 . 8 H 20 , 
crystals of the heptahydrafe, K 2 S 04 .Al 2 (S 04 ) 3 . 14 H 20 , are formed which readily 
pass into ordinary alum. P. T. Clove’s analysis of the sodium aluminium 
sulphate found on St. Barth (West India) corresponds with the hexahydra(4, 
Na 2 S 04 .Al 2 {S 04 ) 3 ,l 2 H 20 . L. Marino reported a iefm%dra/e,K 2 S 04 .Al 2 (S 04 ) 3 . 8 H 20 , 
to bo formed m ncedle-like crystals by holding molten potash-alum at 85°-86°, 
and as soon as crystals begin to form, by sealing the mass in a tube to prevent the 
loss of water, and holding the temp, at 95°. He also made the iHrahydrale 
{NH 4 ) 2 S 04 .Al 2 (S 04 ) 3 . 8 H 20 in a similar way. 

&uio altumi. —According to A. Mitscherlich,^^ when an alkali is gradually added 
to an aq. soln. of alum, the precipitate produced redissolves on stirring until a certain 
proportion of alkali has been added, any further addition produces a permanent 
precipitate. The soln. which is on the point of giving a precipitate is called in 
commerce neutral alum, and it is used in mordanting cloth for dyeing. If the soln. 
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heated to 40^, a precipitate is formed corresponding with potasdom alummium 
iiydroxy 8 alphate» K 2 S 04 .Al 2 (S 04 ) 3 . 4 Al( 0 H) 3 . or potmsium hexahydrory’disuJphalo- 
triaiuminale, KAl 3 (S 04 ) 2 ( 0 H) 8 , or K[A 1 { 0 H) 2 ] 3 (S 04 ) 2 . 3 H 20 . Tins compound ia 
represented in nature by the mineral nlunitf. A. Mitsclicrlich obtained it in a 
crystalline form by heating the neutral alum in a sealed tube at 230^^. He also made 
a Hoda-alunite aluminium hydroxysulphate -and an ainmouM-alunUe— 

ammonium aluminium hydroxysulphate -in a similar way. The ahmen de 
Tolpha mentioned in connection with the history of aluminium : the Alaunstein of 
A. (}. Werner; the alun de /?omc of R. J. Haiiy ; the Ahnns^mth of A. Rrtutliaupt; 
or the ahmimlifc of J. 0. Delamctherie, was called alunite by F. S. HeudanI, and this 
term has remained. Analyses were made by L. (’ordicr, A. Mitscherliclj, V. F. Uam- 
mel.sberg, M. Sauvage, F. BVidau, J. Gaiitier-Lacroze, etc. The idealized summary 
of the analyses is K 2 ^^ 04 .Al 2 (S 04 ) 3 . 4 Al( 0 H) 3 . Tlte mineral occurs at Tolfa (Italy), 
Montioni (Tuscany), Miizsai and Bereghszasz (Hungary), Milo, Argentiera, and 
Nevis (Grecian Archipelago), Mont Dore (France), etc. It supposed to have been 
formed by the action of volcanic gases containing suljdiur dioxide on f(‘lapatliic 
trachytes, etc. The rhnnibohedral crystals helong to tlie trigonal system, and havi* 
the axial ratio «: c--l : 1’245, and a--80'^ 14'; the sp. gr. is 3'ir) to 3‘2t); 
H. Bowley gave 2 55 for the sp. gr., and 1'58 for tlie index of refraction ; the double 
refraction is negative. Alunite loses water at 350'^, and at a dull red heat, about 
530', it gives of! water and sulphur trioxide; after calcination in tlie blowjiipe 
flame, water extracts jiotassium sulphate and leaves alumina. H. Bowley saw that 
at 3(K)' then' is no decomposition; at 40()'\ 4 5 iiiols. of water arc lost; at 5(Xr, 
the remaining l a niols. are expelled ; at di.ssociatiim into potassium Hul])hate, 
ahirnina. sulphur trioxide, and water is complete ; and at %() , potassium aluiiiinate 
is formed. II. Bowley found alunite to bo sparingly soluble in water. Alunite 
is not dissolved by boiling cone, hydrochloric acid ; hut it is decomposiMl liy that 
aciil in a sealed tube at 2(X)'’, and if j)re-ealcine<!, it ia decomposi'il liy that acid, 
ft is soluble in boiling sulphuric acid of sp. gr. I'Hril. but it dis.soive,s more quickly 
in dil. acid. H. Bowley .said that alunite is readily .soluble in warm dil. soln. 
of liyilroHuoric acid, sodium or ])otassium hy<lroxide, sfwlium carbonate, and hot 
cone. siil])hnric acid. It is fairly readily attaeked by a soln. of calcium hydroxide 
or carbonate. He also <lescribed a Hoda-aJu7u(e. 

A. Mitscherlich also obtaiin’d a kind of hydrated alunite, K 2 S() 4 .Al 2 ( 804 ) 3 . 
4 A 1 (OH);i. 3 H 20 , or K[AI( 0 H). 2 ];j(S 04 ) 2 .UH 20 , liy lieating a soln. of potassium 
.sulphate with less aluminium sulphate than is needed for the preparation of alunite. 
By the action of zinc, or of alkali hytlroxiiles or carbonati's on .soln. of potash- 
alum, H. Debray, W. Cnini, ('. Rdssler, A. Ilidault, and L. F. Bley obtained 
precipitates which approximated in composition to the jiroduct just indicated. 
It is represented by the mineral Idmyile, found in compact masses associated with 
alunite, and at Tabrze (Upper Silesia); it has been described by A. Mitsclicrlich, 
P. Berthier, C. F. Rammelsberg, F. Rcimer, C. Ivowig. etc A similar basic 
ammonium salt was obtained by A. Mans, A. HifTault, and A. Mitscherlich by 
using aq, ammonia in place of potash-lye. 

The blue halr-like crystals from Moldawa (Rumania), analyzed by J. Fcrcyd* 
and by F. A. Gonth, correspond with 2 Al 203 . 9 Cu 0 . 3 S 03 . 2 Uf 20 , or with ^ 263 . 
4 CuO.SO 3 . 8 H 2 O. It was called letUomite —after W. G. Lettsom; E. K. Glocker 
called it cyanotrichite -Kvavo^, blue; Bpi$, hair; and it has also been called 
vdvet copper ore, or cuivre velouti. The mineral woodwardile from Cornwall was 
analyzed by A. H. Church, R. Warrington, and F. Pisani, and it corresponds with 
UCu 0 . 9 - 6 AJ 203 . 9 S 03 . 23 H 20 . There is nothing to show the chemical nature of 
these products, and whether or not they represent copper sidpkaio-aluminaiej, 

G. Arth obtained fine acicular crystals on allowing a soln. of barium aluminate 
and calcium sulphate to stand for 24 hrs. The analysis corresponded with 
CaO: AI 2 O 8 : 804=5*76:1: 2*67—say 6:1:3 with nH20. 0. Rebuffat indicated 
the formation of calcium sulplKUo-^uminale, llCa0.2Al208.5S03.52H20, by the 
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action o( calcium sulphate and hydroxide on calcium aluminate. He also discussed 
the action of sea-water on this product and its bearing on Portland cement. 
A. A. Klein and A. J. Phillips have also discussed the calcium sulphato-aluminatcs; 
but they are not well enough defined to be recognized as chemical individuals. For 
3Ca0.3Ca804.Al203.;iOH20, vide, calcium aluminate. 

There arc a number of double sulphates of the type MS 04 .Al 2 (S 04 ) 3 . 21 H 20 , in 
which M may bo Mg, Zn, Fe", or Mn. They are called pseudo-alums, and they are 
not isomorphous with ordinary alums. Very little is known about the pseudo- 
alums, and it is ov(!n doubtful if they have 2 IH 2 O. The so-called magnesia-alum 
is represented by the mineral pickeringite —named after J. Pickering—found in 
ne.icular crystals, fibrous masses, or efflorescences on shales near Iquique (Peru), 
Nova Scotia, Island of Negros, etc. It is probably formed by the action 
on the shale of decomposing pyrites. Analyses were made by H. Schulze,'® 
D, L. Brackenbusch, K. Goldsmith, etc. R. J. Kane assigned to it the 
formula MgS04.Al2(S04)3.24H20, but, according to A. Hayes, and H. How, the 
analyses correspond with magnesium alaminiom sulphate, MgS 04 . Al 2 (S 04 ) 3 . 22 H 20 , 
or nmgnesium lelrasulpkalo-aluminate, MgAl 2 (S 04 ) 4 . 22 Il 20 . 

Vart of tho magnesium in inagno«ia-alum may bo replaced by manganeso to form what 
K. F. (ilockor called apjoknite. J. Apjolm called it manijanvfiC’aluin. Analyses were made 
by F. iStromeyor, J. Apjotin. J. L. Smith, <». A. Kenngott, h. 1>. dale, otc. A variety 
from Alcfipm’oHsa, Chili, I’ontaining stnino sodn-fdum was called nflor K. tStiiven- • 

by fj. Dampsky; and related variety from Corros IMntados, Chili, was called 
iiiiiiiTu tiifi (Unm, 1 jMgS04.2\l2{S04)g.2bAH20, by L. Darapsky. A vnnely from Sonoma Co.. 
California, was called tionomaile —by K Gold.smith. Tlio composition approximaioil to 
HMgSC>4.Al2(S()4)g 3.HK.2O. 0. Doelter deflcribod a variety from S. Antno, one of tho Capo 
^'ordo lalaralH, wliifdi ho called (Jwnrridicritc —alter A. von Dumroiclier. Its composition 
uas 4MgS()4.Al2(SO4)g.3flH20. L. Darapsky obtained a variety with the composition 
bMgS()4.Al2{S(),)3.r)lH„0, from Pampa do Aroma, Chili, and ho called it aroniitc. A similar 
mineral was tddained ?rnin Copiapo, Chili. (5. Roster found a mineral which ho named 
picroaUumogene, and hence also pirroalluniogin. and picrallnminitf’, at Vigneria, Isinml of 
Klha. The analysis corresponds with 2i’\fgSd4.Al2(S0,)3.2SH40. Other aimlyscs agree with 
:iMgSO,.AI.(S(),)g.33If.(). 

C. Kiftucr ohtiiined a product with the composition 3 MgS 04 .Al 2 (S() 4 )j. 3 ()H 20 
hy allowing a soln. of magnosium and alutnininni sidphates in dil. sulphuric acid to 
evaporate spontaneously. R. J. Kane reported the formation of a zipc-ahwi^wic 
aluminium sulphate, ZnS04.Alo(S04)3.24H20, by crystallization from a soln. of tho 
components. E, Bertrand ami A. Daiuour found hexagonal plates of a basic 
zinc aluniinium sulphate, ]' 2 Al( 0 H);(.Al 2 {S 04 ) 3 . 2 { 6 Zn( 0 H) 2 .ZnS 04 ]. 12 Hn 0 , or 
AleZnfiS 202 |.iyH 20 , in the zinc mines of fiauriura, Greece; they named the mineral 
zincaUminite. The sp. gr. was 2‘2<>, and the hardness 2‘5-5’3. 
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§ 21. Aluminium Carbonates 

According to F. Schecrmesscr,! freshly prepared aiuiniaium hydroxide dried in air 
absorbs carbon dioxide, for when the product heated to 140°, 986-1480 vols. of this gas 
are dislodged. P. K. Jourdain assumed that the carbon dioxide which he obtained by 
heating in vacuo prodind of the oxidatiou of aluminium amalgam in air, showed 
that some aluminium carboiiati* is formed. N. T. deSaussure stated that aluminium 
hydroxide is partially solubbt in an aij. soln. of carbonic acid, and is reprecipitated 
on warming the soln. or exposing it to air. Au contraire, Langlois found that if 
freshly preeijiitated aluminium hydroxide be suspended in w'ater, it does not dis¬ 
solve; during the passage of carbon dioxide, but gas is absorbed by the solid. 

Jn 1801, N. T. de Saussurc stated that when an alkali carbonate is added to a 
soln. of an aluminium salt, the precij>itateisnot,asmight be anticipated, alumimum 
CArbonAt6» but rather a compound of alumina with a small quantity of 

the alkali carbonate. J. Davy observed no difference in the effect of water, and of 
water sat. with carbon dioxide under press., upon alumina. J. J. Berzelius noted 
that tiic aluminium hydroxide preeijiitated by jiotassium carbonate cannot be washed 
free from the latter salt, and lu* doubted the existence of an aluminium carbonate. 
The effervescence with acid is attributed to presence of alkali carbonate. H. Rose 
found that the carbon <lioxid<‘ in the [ireiipitated carbonate correspond(;d with the 
ttdsorlied alkali. 1’. N. Uaikow found freslily precipitated aluminium hydroxide 
does not ulisorh curlxm ilioxide, and this agrees with the measurements of the press, 
of carbon dio.xidi* over aluminium liydroxide. G. Magnus pointed out that if a soln. 
of aluminium hydroxide in a hot soln. of potassium carbonate be cooled some 
aluminium hydroxide is jireeipitated and some is retained in soln., and can lie 
[ireeipitated by hydrochloric acid or by ammonium carbonate. L. F. Bl(‘y stated 
that either a basic carbonate or a basic double carbonate is formed wlien an excess 
of alkali carbonate acts on a soln. of alum or of aluminium suljihate. Jn many oases, 
the |)reeipitut<‘ contains a carbonate although it is quite free from alkali carbonate. 

(liunglois said with r«‘S[)ect to the precipitate obtained by adding an alkali carbonate 
to an aluminium salt; 

It is p’lioratly bcliovod that this precipitate is nothing hut uUiinina, still retaining a 
httio alkali (arhemilo to whicli is duo tlie efTcrvcsconco witli acids. ... By washing tho 
])rocipila(<' uitli asuniciont quantity of water, it can bo obtaimnl entirely free from nlkalino 
salt, and it then eontiimea to elTorvosoo. which proves that a part of tlio alumina I'enmins 
combined with carbonic acid. A very basic compound of carbonic acid and aluminium 
hydroxide is uiujuestioiuihly produced. 'J'his compound is dostroyod at a temp, wliich 
does not exrwd 100*. 

.1. Rarratt aaid that wh. n an aUiminiuin salt is precipitated by an alkaline, carbonate, 
noaluniiniuin carbonate is formed; but several moreorlessindcfinite,baaicaluniini\im 
carbonates have been described by A. Gawalowsky, T. Parkinan, J. S. Muspratt 
and .1. Danson, It, I’bilbps, V. Urbain and M. Renoul, K. Seubert and M. Elten, 
\V. 0. Day, etc,- as precipitates when an alkali or ammonium carbonate is added to 
a soln. of an abiminimn salt. T’bc analyses are so discordant, that the products 
obtained vary in composition with the basicity of the acid contained in the aluminium 
■salt, with the conditions under winch the precipitate is formed ; and with the amount 
of washing to which the prcciiiitate has been subjected. The products represent 
ditferent stages in the hydrolysis of aluminium carbonate,.and are mixtures of the 
undecomposed aluminium carbonate or of a basic carbonate and the hydroxide. 
E. Schlumberger obtained what be regarded as {AljfOHjjjjCOs.H.O, by the action 
of a large excess of sodium carbonate on aUiminium salts of the monobasic acids, 
or of carbon dioxide on cold soln. of alkali aluminates. 

L. F, Bley showed that the precipitate obtained by adding ammonium carbonate 
to a soln. of potash-alum often contains ammonia; H. Rose regarded it as 
(NH 4 )j 0 .Alji 03 . 2 C 02 . 4 H 20 ; and M. Barth said that the precipitate obtained by 
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adding a soin. of aluminium chloride to an excess of a cold aoln. of autinouinin 
carbonate is a mixture of a double ammonium aluminium carbonate with eith<'r 
aluminium hydroxide or carbonate. According to C. Ldwig, when a soln. of at) alkali 
aluminate is treated with alkali hydrocarbonatc or free carbon dioxide, aluininiuni 
hydroxide and alkali carbonate are formed; but by allowing the soln. of alkali 
aluminate to flow into a soln. of alkali hydrooarbonate, with the simultaneoiis 
introduction of carbon dioxide, a potasaum aluminium carbonate is formed with 
the composition K20.AU0..j.2C0i.5H^() when dried at 80°. Tf tin' use of earlum 
dioxide be omitted, the precipitate is a hard horny mass. A.Ditte reported tlie 
basic double carbonate, SKoO.'iAl.^Os.riC'O.^, to bo formed when u soln. of potassium 
carbonate is added to one of potassium aluminate until the precipitate persists 
when the soln. is agitated. (’. bowig made sodium aluminium carbonate, 
Na., 0 .Al 203 . 2 (’ 02 ./<U.) 0 , by a jiroeess similar to tliat wdiich he employed for 
tin* potassimn salt. Ji. F. Bley obtained a basic double earboinilc', 
2 Nh.> 0.A!2U3.3(-02.23H20, by adding an excess of sodium sesquicarbonate to a 
boiling soln. of alum. W. €. Day also prepared this salt. The rare mineral 
dmesom/e,analyzed by B.J. Harrington. (5. Friedel, and M. Chajter, hasacompomtioii 
eorrespomling with NaAllOllloCOs, mixed with some impurities, chiefly calcite. 
Tln‘ monoolinic crystals were examined by des Cloizeaux ; their sp. gr. is 2''K). 

.Vccording to J. H. and G. Gladstone, the hydrated aluminosilicate, colhjrUc, 
found at Hove (Sussex), is associated with a mineral called horifc containing calcium 
carbonate with a sufiicient e.xce.ss of carbon dioxide to convert all the lime into 
liydrocarbonatc, CalHGO^j^, but tliis hypotlicsis is considered tc) be unsatisfactory 
m view of the known solubility of calcium bydrocarbonale and its instability in the 
solid state; it is therefore suggi-sted that the excess of carbon dioxide is eitber 
t ombini'd as a hydrated calcium alu minium carbonate, or it replaces ))art. of the 
silica in eollyrite. W. ('. Day believe.s hovite to be a basic calcium aluimiiium 
carbonate. 0. Lowig preparnl a l)a.sie magnesium aluminium carbonate, 
2 A!{ 0 H);,.MgC 03 , by slowly adding a soln. of magnesium hydrooarbonate, to a soln. 
of an alkali aluminate, or conversely. M. f’respi and E. Mole.s maib* eomplexes 
witli tlio camphor group. 
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§ 22 . The Alommium Nitrates 

C. F. Wenzel i attempted to neutralize alumina with nitric acid, and concluded 
that “ the ratio of alumina to the most cone, nitric acid is nearly as 349:240,” 
showing that he had only partially saturated the base. Aluminium hydroxide or 
the metal dissolves in nitric acid and, as shown by W. F. Salm-Horstmar, 
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J. M. Ordway, T. R. Stiilinami, etc., th(‘ acid soln. furnishes crystals of the ewwea- 
kydraie of alomimum nitrate, AhNOglg.yHaO, in rhombic prisms or plates. If tho 
soln. be (‘vaporatcd, and not kept strongly acid, a tenacious gum-like mass is pro¬ 
duced instead of crystals. ,1. -f. Hood made a soln. of the normal nitrate by double 
dccompo.silion between ulumiaiutn sulphate and j)otassium, ammonium, calcium, 
or barium nitrate. According to K. Seli^man and P. Williams, when aluminium 
is left in contact with nitric acid of .sp. gr. 1'4‘2, at 2(P, tin- metal slowly dissolves, 
and <he acid becom(‘.s saturated with aluminium nitrate, which deposits in large 
ery.sfais until the aluminium ha.H all dis.soIverl, or tlie acid has been exhausted, 
fn all soln. with a<*id of I '12 sp. gr., except those with carbamide, an unstable hexa- 
hydmtc, Al(i\0;d.}.bHoO, is first formed. The hoxahydratc is alone stable in nitric 
acid of H|). gr. l b, and in nitric acid of ,sp gr. M2 it is soon transformed into the 
enneahydrate, 11 wa.s shown qualitativdy that the hexahydrate is more soluble 

than tin? enneahydrate. M. Z. Jovit- 
scliitscb prej>ar(*(i crystals of the hemi- 
‘penkidecahydmtc, A 1 (N 03 ) 3 . 7 ^H 20 , by 
the action of cone, nitric acid on 
(ralcined alumina: and H. Seligman 
show(*d that either tbi.s hydrate or an 
wtohydfatc, A 1 (N 03 ) 3 . 8 H 20 , is the 
stable form in an acid of sp. gr. I'46. 
A. Ditte also reported the formation 
of a dihydmk, A 1 (N 03 ) 3 . 2 H 20 . In 
bi.s study of the ternary system, 
HN 03 -AI(N 03 ) 3 - H.>0,Ht2f>^K.Ina- 
nmra found only tlin'e stable hydrates. 
1 ’b(' enneahydrate, A 1 (N 03 ) 3 . 9 H 20 , is 
stable in 73 })or cent, nitric acid of 
sp. gr. M35, or more dil. acids; the 
oetohydrale, A 1 (N 03 ) 3 -^H 20 , is stable 
in 73-81 j)er cent, nitric acid of sp. gr. 

I Udfi l lHi.l; and tlie hexahydrate, Al(N 03 ) 3 .fiH 20 , is stable in nitric acid more 
cone, than 81 piT cent. IINO 3 . "f'he results are plotted in Fig. 68 ; a selection of 
the j»ercentuge numbers is as b^lows : 
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Accoiding to A. S Eukh', the enneahydrate deposited from soln. containing 
periodate, iij>penrs m thin jilates belonging to the rhombic system with axial ratios 
a \h: e - 0‘8y2r); 1 ; 1 ■()2t)2 ; while some prismatic crystals examined by 0. Soret, and 
belonging to the moiuKdiniesysteni, had the axial ratios a ; h : C-M3398:1:1-91913, 
and p- -131 36 according to N. 1. Surgunoff, these monoclinic crystals areiso- 
morphous with the corresponding ferric salt. P. W. Bridgman examined aluminium 
nitrate up to 12,(XX) kgrnis. press., and at 20°, 100°, and 200°, but observed no 
allotropic changes. The salt (lecomposed into a brownish mass. K. Jauch found 
the 8 p. ht. of soln. with A eq. of aluminium nitrate per litre to be: 

N . . . Of) 10 20 30 4-0 5-0 

Spot. . . 0-9503 011127 0-8546 0 8008 0*7604 0*7140 


According to J.-M. Ordway, after the enneahydrate has been heated 36 hrs. on a 
water-bath, there remains the eq. of AI(N 03 ) 3 . 1 iH 20 . A. Ditte found that if the 
cr^tals are heated until red vapours begin to be evolved, and the residue be dis¬ 
solved in tnonohydrated nitric acid, white needle-like crystals of hydrated aluminium 
nitrate appear. According to T, Schlosiug, the crystals melt at 73°, and form a 
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colourless liquid which becomes crystalline when cooled; at 140°, aluminium 
hydroxide is produced, A1(0H)3.1JH20 ; and at 200°-250°, said H. St. C. Dcville, 
granular alumina remains. A method of separating alumina from lime and magnesia 
has been based on the fact that the nitrates of the two last-named bases resist 
temp, at which aluminium nitrate is decomposed. According to J. M. Ordway, 
a mixture of equal parts of crystals of aluminium nitrate and ammonium hydro- 
carbonate acts as a freezing mixture, lowering the temp, from -|-l()-5° to —23'3°. 
J. R. Colhns measured the ultra-red spectrum of aq. soln. of the nitrate. H. C. Jones 
and F. H. (letman measured the electrical conductivity and f.p. of the soln. Accord¬ 
ing to H. V. Jones, the mol. electrical conductivity, p, of soln. with a mol of the 
nitrati’ in » litres, at 0°, is : 

» . . . 4 8 32 128 512 1024 401)« 

jiutO” . 102-82 11.5-li7 126-;i2 159 18 100-07 173-45 187-89 

pat 65“ . 338-6 393-6 487-3 683 9 685-9 760-5 908-2 

A. Heydweillcr gave the sp. gr. and electrical coniliictivity of soln. of aluininiuin 
nitrate. The percentage degrees of ionization, a, calculated from these data are: 
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and E. Aston computed that a lA^-soln. at 80“ is hydrolyzed to the extent of 0-7 
per cent. H. ('. Jones also computed the O'lnp. cocif. of the electrical conductivity 
of the soln. 

The crystals are delicpicscent in moist ait. The, salt dissolves readily in water 
and nitric acid. L. 11. Milligan found the solubility of the enneahydrate in nitric- 
acid of different cone, and temp. Representing cone, in pet cent, by weight, 
ami sp. gr. at ^ 720 “: 

0-4’-0 5" liJ-S" 25” 40’ 00” 

HNOj . . 19-75 50~<ih 15-4li~ 7035 11-96 64-60 093 32-66 

AKNO.,), . , 19-65 1-50 27-10 0-74 34-6 4-16 44-30 29-10 

•Sp. gr. . 1-311 1-335 1-350 1-415 1-399 1-400 1-469 1-461 

The salt is readily soluble in alcohol. W. Eidmann also found the nitrate to be 

soluble in aci’tone. The aq. soln. has an acid taste, and reddens blue litmus. 

According to J. J. Berzelius, aq. ammonia precipitates a gelatinous basic nitrat-e 

from the aip soln. 0, F. Holliinder stated that the aq. soln. deposits flakes of 
aluminium hydroxide slowly in the cold, rajiidly when heated. According to 
L. Liechti and W. Suida, aluminium nitrate, AljfNOjjj, is obtained from the normal 
aluminium suljihate and leail nitrate, and gives the following compounds 
when treated with sodium hydrocarbonate; AUlNtbdsOH, Al 2 (N 03 ) 4 ( 0 H)o, 
AljfNOjlsfOH)^, and Al 2 (N 03 ) 2 ( 0 Il) 4 . By continning the addition of alkali, a 
gelatinous precipitate was obtained. E. Schlumberger prepared what he regarded 
as nitrate of the base: 

(H0)4A7<®>ai,<“>ai,(0H)4 

by dissolution in cold dil. nitric acid. When the, soln. is evaporated to dryness, it 
gives a coagulum, Alj 0 , 4 Hi„.HN 03 . N. M. Laporte prepared potassium alumiuiam 
nitrate, Al(NO3)3.3KNO3.10H2O, by crystallization from mixed soln. of the com¬ 
ponent salts. 
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§ 23. The Aluminium Phosphates 

Aluminium formsa numbi^r of phosphates. There is the orlhophosphatc, AIPO 4 ; 
the primary ami siicomlary orthophosphates, Al(H 2 r 04 ) 3 , ami AU(HP 04 ) 3 , as well 
as some mixi'd combinations ; tliere is also the pyroph()S])}ia(e, Al 4 (Po 07 ) 3 , and the 
acid pyropho.Hphafe, AU}I(j(P^ 07 ).j; as w(*ll as tlie mefaphosphate, AI(P 03 );i. Jn 
addition there an^ a number of normal phosphates which occur native. 

A. Broilhuupt ^ named an applo-grecu mineral, which ho obtained from Mesabach, 
Volgtland, and imperfec'lly analyzed, fnrjsffVc- from Variscia, an old numo for Voigtland. 
'rho analyst's of the vuriscito by T. Petersen, A. N. Chester, K. L. Paekaid, A. Lacroix. 
W. 1’. Schaller, and R. Jh'lmhacker-eorresjiond with AIPO 4 . 2 H 2 O, mixed, may be, witli 
Boino impiiritu's. 13io inmeral laltois of A. Dainour, and A. Lacroix corresponds witli 
AIP() 4 . 21 H.J), and is rt^gardod a.s identical with the colloidal gel-form of vaiiscito. Accord¬ 
ing to the analyses of C. U. .Shepard, d. IT, Teal), and A. Carnot, redondile from the Island 
of Redondu, Antilles, etc., agrees roughly with variscito in composition, allowing for some 
of the almnma heing replaced by feme oxide. C. W. Blornstrand’s analysis of bcrlinitc, 
froiri Westana, .Sweden, eorri'sponds with AlPO^-JILO, E. Boncky's analysis of zephuro- 
vichitc. frotn 'rri'iiie, Bohemia, corresponds with AfPO^.SHjO. F. Slavik gave 1'56 for 
the nJructivo index of /.epliai-ovieluto. R. Hermann, A. Kenngott, and F. A. Centh 
analyzed a phosphate—named r/«7oHomiUc—associated with the gibbsito of Richmond, 
Mo^,, to which the formula AlP()^, 4 H 20 has been assigned. O, tiros.sj)iotsch described a 
white colloidal form of ulunnnium phosphate from Jakubeiiy, Bukowina. 

I ho uhmuniuin pluwphates havo probably boon formed in nature by the direct action 
of phosphatic soln. on igneous rocks, or on limestones containing clays. The phosphates 
\vere probably Icachings from beds of gunno, H. Leitmeier and H. Holhvig agitated soln. 
of ammonium phosphate for several months with kaolin, felspar, etc., and obtauiod products 
Hiimlar to many tif those found in nature. A. Gautier regards an earthy mineral which lie 
named mmircite, because it was obtained from Minervo grotto, IRTuult, as an impure 
hoimhepluhydrated aluminium orthophosphate, AlP 04 . 3 Uf 20 . Analyses by A. Caviiol, 
ami A. l.ucroix make mmcrvile appear to bo a complex alkali aluminium phosphate. 
A. (uuUior claimed also to have found crystals of ininorvito in tlio earthy mass. 

A. de Scliulten obiaiuod wcll-dcfiiicd crystals of aiuminium orthophosphate, 
AIPO 4 , by lieating in a scaled tube at 250° for several hours, a couc. soln. of sodium 
aliiniiuute aeidiiied with phosphoric acid. The presence of sodium jihosphate 
seems to be necessary for the production of good crystals because if a mixture of 
pliospbonc acid and aluminium hydroxide or chloride bo heated under similar 
conditions, a fine crystalline powder is obtained. E. Erlenmeyer obtained a mono- 
hydrate AIBO 4 .H 2 O, by boiling in a flask fitted with a reflux condenser, aluminium 
dihydrophosphate with 20 times its weight of water for 4 hrs. and filtering the 
soln. hot. A. Gautier synthesized minervito by the action of a soln. of 3 mols of 
ammonium hydrophosphate on a mol of gelatinous aluminium hydroxide at 30°; 
washing the product with cold water; dissolving it in hydrochloric acid; and 
precipitating by the addition of sodium acetate. 

According to C. F. Rammelsberg, the orthophosphate is obtained as a gelatinous 
precipitate by adding a soln. of sodium hydropbosphate to one of alum and washing 
until the running are free from sulphates, M. Millot precipitated aluminium 
phosphate from a soln. of aluminium phosphate in an acid, by the addition of aq. 
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ammonia- N. R. Dhar and co-workera found lime is readily adsorbed by the 
precipitated pbosjihate. 

H. Jjudwig said that the precijiitated ortho})iiosphate dues nut have the euiu- 
position represented by the formula Air04 with AUOj: in the ratio 1 ; 1. 

P. Schweitzer made a similar claim, although the analyses of (’. F. liammelsberg, 
Or. C. Wittstein, and M. Miilot correspond with tlie 1:1 ratio. According to 
F. K. Cameron and L. A. Hurst, aluniinium phosphate prepared by adding a soln. 
of sodium phosphate to one of aluminium phosiiliutc, and wasliing the ])rodnet 
alteruatoly with hot and cold water until free from sulj)hates, contained 77-‘l‘2 })er 
cent. ?04 aud 21’49 per cent. Al~theory for All’t)4 is 77’8t) per cent. VO4 and 
22’20 per cent, Al. A phosjihate was prepared by using ammonium phosphate 
as precipitant, aud partly neutralizing the ucid-li<]uid with ammonium carbonate; 
the washed product was heated over a bla.'^tdamp. It contained 81-33 ])er cent. 
PO4, and 21-10 percent. Al. Another phosphate made by precipitation with sodium 
phosphate from a soln. of aluminium sulphate in tlie presence of sodium acetate, 
contained 48*79 per cent. IH>4 and 19-82 per cent. Al. H. Ludwig also noted tliat 
the precipitation of aluminium phospliate from it.s soln. in hydrocldoric acid, by 
tlie addition of sodium acetate, is highly basic. M. Miilot said that the proportion 
u[ water in AU’04: 1 : 1 ; C. (’. Wittstein, 1:1; and V. F. Kammelsberg, 

I : 1-5 if air-dricd, and 1 ; 3 or 4 if dried over .sulphuric acid. W. .1. Sell jirepared 
colloidal aluminium orthophosphate sol by mixing a 5 per cent. soln. of AlCl;t 
witli an ctjual vol. of a 10 per cent. soln. of (NI!4)2HIHL, and adding aij. ammonia 
until the soln. smells feebly aminoniacal. Tiie crystalloid,s are removed by diulysi.s. 
The soln. is neutral, and tasteless; and it can be flocculated by adding dilTerent 
salts. ('. Klsehner described the colloidal phospliate be found on Washington 
Island, Soutli Seas, showing Jaesegang’s rings, aiul supposed to have been formed 
by the deeoin posit ion of lava by guano constituents. 11. Leitmeier and 11. Ib-llwig 
studied tli(‘ formation of phosphates by the prolonged action of ammonium 
phosphate soln. on aluminophosjiliates. 

According to W. T. Schaller, the ery.stals of vuri.scite belong to the rhombic 
sy.stem and have the axial ratios a:h : c~ -0'8952 : I : l-09r)7. The salt prepared 
by A. de Schulten was in the form of liexagonnl prisms of s]). gr. 2-39. The sp. gr. 
of crystalline varisciie is 2-51, and of gel variscitc 2135; thin of berlinite, 2-04 : 
that of zepharovicliite, 2 384 or 2-37 after subtracting 5 per emit, of free (jiiartz; 
and that of richmomlite, 2-2U 2'38. The hardness of crystalline variseite js 4, 
that of gel variseite about 2 ; that of berlinite, the same as quartz; and that of 
zepharovichitc, 5-5. The crystals do not lose weight at a bright red heat, and do 
not melt at a wliite heat. A. (lautier found a sainjile of miiiervite which lost 13-4(* 
j>er cent, of water at 100''; or 23-95 per cent, at 180’; and all the water, i.c. 28-30 
))er cent., at a r(‘d heat. W. T. Schuller found that pale-green crystalline variseiti* 
iost 5-09 per cent, of water at 110'" in one day, and 12-48 per cent, in 3 days; it 
lost 19-81 per cent, at 140'^; and 22-50 per cent, at 1G3\ K. Helmhacker found 
that gel variseite over cone, sulphuric acid, lost 1611 per cent, of water at lUO'’; 
19*64 per cent, at 110“; 23*22 per cent, at 130“; and 26*50 per cent, at 160“. 
Variseite has the indices of refraction a—1*447, /3=-l*448, y--l*450; the double 
refraction y—a—0*003 is quite small. The mineral is pleocbroic. W. T. Schaller 
found a green-coloured dimorphous variety of variseite which he named lucimte. 
The rhombic crystals have the axial ratios, 0'8729:1:0-9788; sj). gr., 2-566; 
hardness, 5; refractive indices, a—1*546, p -1*556, y~l*578 ; the birefringence, 
y—a=:0-03, is high; and it is not plcochroic, W. W. Coblentz found that m the 
ultra-red transmission spectrum of variscitc the water absorption bands at I bfx, 2/i, 
and i are almost obliterated, and those at 3ft and 6/i are shifted, being probably 
composites. No marked evidence of a band peculiar to the F04-radiclc was obtained. 
In the ultra-red reflection spectrum there are maxima at 9*25ft and 9*7ft. The 
latter is not w'ell defined and corresponds with a band found in apatite, but it is 
not definitely proved to be peculiar to the P04-group. 
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J. N. von FucLs said aluminium phosphate is insoluble in water, but 
F. K. Cameron and L. A. Hurst found that 36 days’ shaking of three samples of 
aluminium phosphate resulted in the dissolution of respectively 0*241, 0*134, and 
0*081 grm. of ]’04 per litre. This shows the slow soln. of phosphoric acid, and 
that while a greater proportion passes into soln. with increasing proportions of 
water to solid, the cone, of the soln. is less. With soln. of pota^um chloride 
or sulphate, and sodium nitrate, the amount of phosphoric acid passing into 
soln. 13 1(13.3, a.3 the proportion of alkali salt increases. According to 
C. T. Uerlaeh, the presence of carbon diotdde in the soln. has no effect on the. 
solubility even in the presence of lime or magnesia. W. F. Sutherst said 
that the presence of ctdoium hydroxide increased the solubility of aluminium 
phosphate in aep soln., but calcium carbonate has no effect whatever. A. de 
Hchulten’s crystals were insoluble in cone, nitric add and hydrochloric add, 
and were attacked with difficulty by cone, sulphuric add. Variscite is insoluble in 
boiling hydrochloric acid, but if the mineral has been iire-heated, it is soluble in 
that acid. (i. ,S. Praps found that the calcined mineral is about 10 times more 
.soluble in 0*2W-nitric acid than the ordinary mineral. J. N. von Fuchs, 
(I. a. Wittstein, and II. Ldwig commented on the solubility of precipitated aluminium 
pho.3|ihute in mineral acids and its low solubility in acetic add. According to 
F. .1. Otto, if a soln. of aluminium phosphate in hydrochloric acid be mixed with 
tartaric acid, and then with ammonia and magiK'sium chloride, the alumina remains 
in soln., and the phosphoric acid is all precipitated as ammonium magnesium 
(ihosphate. .f. N, von Fuchs found that lead acetate precipitates part of the 
phosphoric acid as lead pho3|)hate from a nearly neutral soln. of aluminium 
phosphate ; and 11. Rose, that silver nitrate prwnpitates silver phosphate from an 
ammoniaeal .3((ln, of aluminium phosphate. According to tb ib Rammelsberg, by 
adding potassium sulphate to the soln. of aluminium phosphate, in sulphuric acid, 
nearly all the aluminium separates as crystals of alum. According to F. Sestini, 
a litre of 2 per ccuit. acetic, acid dissolves 0*395 grm. of precipitated aluminium 
])hosphat(!, and a litre of 10 per (u*nt. acetic acid, 0*3(K) grin. The soln. does not 
bocoino appreciably turbid when boiled. (1. T. Gerlach found that oxalic acid and 
citric acid are about equally elfective, and more so than acetic acid, in bringing 
phosphoric acid into soln., and that free aluminium hydroxide, while greatly reducing 
the action of acelie, acid, doe.s not affect oxalic and citric acids. According to 
E. A. Schneider, tile solubility is increased by aluminium sulphate or chloride. 
Aluminium phosphate was found by M. Millot to be more readily dissolved than 
ferric |iho8phate by soln. of ammonium oxalate or ammonium citrate. E. Erlenmeyer 
has measured the solubility in citrate soln. Aluminium phosphate is decomposed 
by fused sodium carbonate; and when heated with alkali sulphate, L. Grandeau 
noted that crystalline abimina, and a complex alkali aluminium phosphate are 
formed According to T. Schliiaing, aluminium phosphate is not decomposed 
when heated with carbon, but with iron and silica, some iron phosphide is 
formed. 

AccoriUng to H. Ludwig, aluminium phosphate gives up very little phosphoric 
acid to aq. ammonia, atid a little alumina passes into soln. L. L. de Koninck 
and A. Tliiriart state that aip ammonia dissolves alummium phosphate only in the 
presence of an excess of alkali phosphate or arsenate, and that it is precipitated 
from the solti. by acetic acid, (b F. Rammelsberg stated that a soln. of potassiam 
carbonate abstracts only part of the phosphoric acid, but L. N. Vauquelin found 
that with a prolonged digestion all the phosphoric acici and some alumina pass into 
soln. J. N. von Fuchs found that aluminium phosphate is readily dissolved by 
a soln. of potasainm hydroxide, and is precipitated unchanged from that soln. by 
ammonium chloride; calcium hydroxide or cUoride, or barium chloride precipitates 
all the phosphoric acid in the soln. as calcium or barium phosphate, while the alumina 
remains in soln.; and a soln. of silicic acid precipitates a double aluminium potas¬ 
sium silicate leaving the phosphoric acid in soln. H. Ludwig found that hydrogen 
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sulphide, or ammonium sulphide, precipitates an aluminium phosphate Iroin the 
alkaline soln. while some phosphoric acid remains in soln. According to H. Rose, 
and £. Fleischer, aluminium phosphate dissolves readily in solu. of alum, gluminium 
acetst^ or other alomininm salts ; consequently, the addition of the hrst few drops 
of sodium phosphate to an aluminium salt soln. gives no jnecipitalion. H. Rose 
said that the alum soln. becomes turbid when heated, and clear again on ccxiling. 

L. Licchti and W. Suida found that a soln. containing 2 inols of aluminium 
sulphate can dissolve a mol of aluminium phosphate. 

A. P. de Pourcroy dissolved aluminium phosphate in phosphoric acid and 
obtained a sticky mass on evaporation ; the jiroduct fused to a clear glass. 

M. Millot obtained what he regarded as hydraterl aluminium hydiophosphate, 
ALiHPOjls.OJHjO, by boiling a clear mixture of six mols of ammonium dihydro- 
phosphatc and two mols of aluminium sulphate in the presence of suljihuric acid 
to prevent the jnecijdtation of aluminium hydroxide. The salt loses .'I mols. of 
water at 110°, and after calcination it is insoluble in acids. K. Krlenmeyer, and 
I’.Hautefeuilleand.I.Margottet obtained aluminium hydiophosphate, AlflLl’DjIj, 
by evaporating on a water-bath a soln. of a mol of normal aluminium |)hos|ihate in 
11 mols of phosphoric acid. The resulting white powder contains micro-crystalline 
)iarticles. The salt is soluble in a little cold water, but when a dil. soln. (1 : 20) is 
boiled normal aluminium pliosiihate is-deposited. Some )irodiicla are not 
well detiiied-thus, E. Erlenineyer reported Al 4 (H,il’ 04 ).,.(HI’(l,),,; M. Millol, 
Al.,(H.d> 04 ).i(Hl’ 04 ).,.r)ll.i 0 ; and E. Erlenineyer,' AU(HJ’ 04 ) 4 (lll’t) 4 ). 2 ils, 0 . 
B. de ('. Marchand obtained soft, white, or creani-coloured aluminium phosjihale of 
the composition Al.j 03 . 2 l’. 205 .S 11.^0 in a deposit of bat guano at Ermelo. It is 
probably a colloidal adsoryition product. 

According to G. C. Wittstein, and 11. Rose, the addition of normal sodium pyro- 
jdiosphatc to a soln. of aluminium chloride or of alum, yirccipitati's white aluminium 
pyrophosphate, which dissolves in an excess of either constituent, of the parent 
soil!., and is not re-precipitated by the addition of ammonia, or ammoniiini sulphide, 
and is not soluble in acetic acid. A. Echwarzenberg's analysis corresjionds with 
Al 4 (l’o 07 ) 3 . 1 tlll.jO, and he found that the soln. in sulphurous acid gives a precijiitate 
on boiling. Normal aluminium pyrophosjihate dissolves in aq. ammonia and 
alkali-lye. P. Hautefeuille and J. Margottet obtained doubly refracting needles 
of aluminium hydropyiophosphate, Al.iHjlPoOjlj.HjO, by keeping a soln. of 
alumina in phosphoric acid, at 150°-20()°, for some time. 

R. Maddrcll prepared aluminium metaphosphate, AliPtbdj, by evaporating to 
dryness a soln. of alumina in phosphoric acid, and heating the residue to 316°. 
F. Warschauer found aluminium metaphosjiliatc crystallizes from aq. soln. in 
tetraliedra. He made the salt by gradually adding aluminium hydroxide to a soln. 
of phosphoric acid, and evaporating the soln. on a water-bath ; P. Hautefeuille and 
J. Margottet, by melting alumina with four times its weight of metaphosphoric 
acid. The dominant form of the crystals is a combination of the cube with the 
octahedron, or triakisoctahedron. The faces are frequently curved. Aluminium 
metaphosphate crystallizes in pseudo-cubic crystals from fused metaphosphoric 
acid containing a small quantity of trisilver phosphate, but if the silver phosphate 
is present in notable proportion, birefractive crystals which act st rongly on polarized 
light are obtained in addition to the metaphosphate. These crystals are formed 
exclusively by fusing 2 parts alumina with 4'6 parts metaphosphoric acid and 8 
parts silver phosphate, and the same result is obtained by fusing aluminium meta¬ 
phosphate with about three times its weight of silver phosphate. The double 
phosphate thus obtained has the composition 2Al203.Ag.40.4P206, and forms 
colourless perfectly transparent crystals derived from rhombic prisms. It is not 
very stable in the fused mixture, and the presence of a slight excess of metaphosphoric 
acid causes the formation of monoclinic crystals of aluminium pyrophosphate, 
AI 2 OS, 2 P 2 O 6 , free from silver. The presence of an excess of silver phosphate 
converts the original crystals of the pyrophosphate into acute octahedrons, 
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apparently derived from a rnonoclinic prism, and having the composition 2 Ai 203 , 
The salt is insoluble in water and in acids K. R. Johnson found the 
sp, gr. to be 2'77it. 

According to h. Liechti and W. Suida,2 sodium phosphate, Na 2 HP 04 , does not 
produce a precipitate when treated with an excess of aluminium sulphate. They 
found that it reipiires two niols of aluminium sulphate to keep one mol of aluminium 
phosphate in soln. By treating a soln. of alum with sodium phosphate in excess, 
('. K. Munroe obtained a basic aluminium jihosphatc, 2 Al 2 O 3 .P 2 O 5 . 8 H 2 O, or 
a/umimum frihydroxyphosphafe, AlP 04 .AI( 0 H) 3 . 2 iH 20 . G. C. Wittsteiu obtained 
a product with nearly the same composition by digesting normal aluminium 
phosphate with aq. ammonia for 24 hrs. J. N. von Fuchs, and M. Millot 
obtained .'JAI 203 . 21 *. 206 . 8 - 12 H 20 , or aluminiam trihydroxydiphosphate, 
2 A]P 04 .Al{ 0 fI) 3 .«H 2 l^b action of aq. ammonia on aluminium phosphate. 

F. Hammelsberg also obtained a basic phosphate by the action of aq. ammonia 
on a soln. of aluminiun\ phosphate in hydrochloric acid. These basic salts appear 
to be intertnodiate stages in the dephos|)horization of aluminium phosphate. As 
might Inive been anticipated, the basic aluminium phosphates are represented in 
nature. Tlu‘ mineral wavdlifr was for a time confused with gibbsite or hydrargillite 
i^j.v.). Analyses have been made by .1. J. Berzelius, H. Erdmann, R. Hermann, 
K. L. Sonnensohein, A. H. Church, J. N. voii Fuchs, 0. Stadeler, F. Zamhonini, 
F. A. Genth, F. Pisani, A. Gages, A. J. Moses and L. McL. Luquer, H. Gorceix, 
A. ('arnofc, E. F. Smith, etc. The analyses show from P7 to 3'G per cent, 
of fluorine. (C F. Hammelsberg gives the formula 3 AI.) 0 .j. 2 p 205 .] 2 H.) 0 ; 
A. Carnot, ‘ifAlaOu-PaOshAl^lOa, Fu).l3H20; and P. Groth, (Al.bH) 3 (P 04 ) 2 . 5 il 20 , 
or ]nmtaliydrat(‘d aluminitim trihydroxyphosphate. Thi* crystals are rhomliic 
hipyramids, with <i:h.r 0.').'>73: 1 :0'1084, according to G. CVsaro; or 
()'r)572r): 1 : (l•4()^)72, according to II. Ungemacli. The sp. gr. often determined 
along with th<^ above-named analyses range from 2’33 to 2-492; F. Slavik gave 
2*410, ami har(lnes,s 3 to 4. The m.p. is high— F. Zamhonini, F. Slavik, 
(!. F. PlattmT, and It. Cusack did not succeed in melting it; but G. Spezia fused 
it on its edges. F. Slavik gave 1-545 for the refractive index. A. des Cloizcaux, 
A. Lacroix, and G. Ce.saro measured the optical constants; tlic double refraction 
is positive y - a --0 0245. W. W. Cobleniz found the ultra-red transmi.s.Hion spectrum 
showed water-hands at I 5^ and 2/z; hut the mineral was opaque at 3/i. The 
nunoral i.s soluble in aeiil.s, and in alkali-lyc ; and G. S, Fraps found tlie solubility 
is increased if the mineral has been calcined. B. Kosmann, and K. Cornu and 
A. Himinelhauer dc.soril)e<l a Ume-ivaveJdle which is pos.sibly a mixture of calcium 
and aluminium phosphales. 

The RO-ealU'd pHeiulo-vmrUile of F. Henrieli eonlaiiia 13 per cent. <’aO ; al>out ono per 
cent, of in»() and StO ; and 2-3 per cent, of rare earths, llio amorphous mineral vanhe^yilc 
from Vashogy (Huugaij), analyzed by K. Ziinanyl, ir I'epresonted by tho formula 
4Al3Oj.3J’jO5.30H2(). Iia sp. gr. is 1-964 ; its hardness 2. The earthy mineral lroUe>te 
WHS ftimlyzeu hy t‘. W. Bloinalrand. and represented by tho fonnula 4Al203.3P205.3H2(). 
Its sp. gr. is 3‘in, and its hanhuvs fi*.') R Hermann’s ]){anente found in the Urals, 
has tt composition eorreapondmg uith u mixture 4{ALl\0p.9H20), 3!(Cu, FelO.HgOj. 
Tho eiyptocrystalline mineral cQ-nileohiclite has a composition corresponding with 
3Al203.2r«05.10H30, aeoonling to tho analyses of T. Peterson, and F. A. Genth. Tlio 
sp. gr. is 2'57 2*096, and the hardness 6. H. Leitmeir considers coenileolactito to bo a 
variety of plonerito. C. W. Womstrand, and G. T. Prior and L. J. Spencer analyzed 
the mineral augeUtc, and the latter represented it by the formula 2Al2O3.P2Oj.3H2O, or 
A1P04.A1(0H)3. Tho monoclinic erystals have tho axial ratios a : 6 : c— 1*6419 : 1 : 1-2708 
and 38*6' j tho sp. gr. is 2 696 at 22®; tho hardness is 4 to .'1; and the indices of 

refraction a*s=l*6730, /8= 1-67159, and y = 1*6877. Water liegins to be evolved at 360®. The 
mineral is slowly dissolved by hot cone, hydrochloric acid. The mineral peganite. according 
to the analyses of R. Hermann, and A. Breithaupt, has tho composition 2AI2O3.P1O5.OH2O ; 
the crystals are rhombic bipyramids: the sp. gr. is 2*46; tho hardness 30-3*5. L.F.Navarro 
and P. Castro-Barca reported a cryptocrystalline, feebly birofringent mineral occurring 
in yellowish-green crusts on the granite at Pontevedra, Spain. They called it bolivariu. 
Its sp. gr. is 2*06; hardness 2; and composition A1P03.A1(0H)^.H20. It thus re¬ 
sembles peganito very closely. B. Hermann's analysis of fischente corresponds with 
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2 Al 2 Oj.P 1 O 5 . 8 HjO ; the crystals are rhombic bipyramids which N. von Koksoharoff found 
to have the nxial ratios 0 : 6 : r=0-5917 : 1: —. According to F. Cornu, and J. Krenner, 
the mineral also occurs in a colloidal state. E. S. Larson showed that a colloidal form 
of fiHcherito agreed with planente, and a fibrous form with vasliegyito; while E. T. Wherry 
made tho Ural fischerito agreed with wavellite. F. Slavik gave 1*633 for the refractive 
index of the colloid. The sp. gr. is 2-40; the hardness 6 ; and the double refraction 
jMisitive. V. von Zopharovich, and K. Kovni annly/.od tlie mineral ftphdriie from St. Bonigna 
(Bohemia) with a composition corresponding with 6 Al 2 ().). 2 PaOj.lUHjO. F. Slavik gave 
l*563~l*r>75 for tho refractive index ; its sp. gr. is 2*53-2*Gl7. The analyses of the amor¬ 
phous mineral ci'ansiie by 1). Forbes, F. Ik'cke, F. Krotsehmor, H. G. Smith, F. Kovai. and 
W. T. Scballer correspond with tho formula SAUOj.PjOj.lSH^O, or All’() 5 . 2 .\H()H)^.oiljjO. 
The sp. gr. ranges from 1*842 to 1*930; tlio haWneas is about 3 : tho index of I'clruction 
1*485. W. T. Sclmller found tho loss of waU>r when progressively heated to different temp, 
to lie 107®, 20*00 percent.; 17,‘)®, 7*36 per cent.; 255®. 3*13 per cent.; 200®. 004 |wrtont. ; 
dark retlness, 3*00 per cent.; and before tho blowpijie flume, 1*01 iH'r cent. H. Hermann 
reported an aluminium phosphate from tho mines at (.lumeshcvsk, Ural, with .AijOj, 37*48 
jier cent.; P.,0., 33 04; an<l KjO, 20*93 with a number of accessory constituents. Ho 
called it planvnte- after M. Planer. Tho sj). gr. was 2*65 ; hardness, 6 ; and bin^fringence, 
y-a--0*0173. H. liCitmeiev ha.s described a crystalline and amoi'jihous aluminium phos¬ 
phate, Alji’^Oij.lSH.O, or planorite, from Jakubeny near Bukovina. It lost lOH^O at 
100®. Its itnlox of refraction was 1'51G7 ; and it adsorlicd copjicr oxide from an ammoiii- 
acal soln. of cnpnc sulphaUx O. Gro-s.spistsch gave 1*098 for tho sp. gr., and said that 
H. LeilmciiT had got wrong with the analvsis, ami that tlio mineral is not planeriO', but a 
mixturo of Al(OH) 4 pO..H_. 0 , and Al^FfOHlPOj.HjO. 

]j. J. ('oheii^ jirepan d ammonium aluminium dihydrophosphate, {NH 4 )H 2 l’() 4 .- 
All’ 04 , liy adding a lurgi* excess of aminoniinn hydrojdioHphate, {NH 4 ) 2 HP 04 , (0 
a strongly acid soln. of aluminium eldoride. The salt is partially hydrolyzed wheti 
repeatedly washed with water. J.. 1 . !ierzelius]ireeipitated lithium aluminium phos¬ 
phate by adding a lithium salt to a sat. soln. of aluminium ))hosj»hal<* in potash-lyi*. 
('. F. Katnmelsborg represented its comjiosition 2 Li 3 l*(l 4 .AlF 04 .I 5 H 2 fl. Lithium 
aluminium phosjdmte is represented in nature by the mineral amhlyffouifo- u/i/iXr?, 
blunt; yui'c, angle. L. Moissetiet’s vwnirhrasile from Montebras, and hrhrouifi' 
from H(d)ron (Maine) were identified with amhlygonite by 0. F. Kammt'lsberg. 
Atialyses wore made by II. Backlund, J. J. Berzelius. C. F. Rammelsberg, L. Moissenot, 
F. von Kobell, F. Pisaiii, S. L. Fenfield, W. T. Scluiller, H. Lasne, etc. Tlie best 
representative formula was discussed by 8, L. Ihmfield, (J. F. Kainmelsberg, and 
H. Lasne ; that most generally acceptrd is LiPO.j: A1(()H, F);;, wherein a part of the 
litliium may be rejilacod by sodium or jmtassium The mini'ral usually oeeurs in 
earthy masses, the crystals, according to J. J). Dana, belong to the trichnic system, 
and have axial ratios a:h : c--=0'73.337 :1: t)'7fi332, and a - 108'5I|'; - U7'‘‘ ; 

and y lOfi"’ 26|'. The sp. gr. is 3 03 to 3*07 ; and the hardness (>. A. Lacroix 
and A. Michel-J/vy, and A. d<*s Cloizeaux examined the optical properties of the, 
crystals—the double refraction is negative; the imliees of refraction for Nadight 
arc a--l’579; ^-l o93; and y-=i'597. The mineral fuses readily before the 
blowpipe flame. It is readily dissolved by suljiliuric acid, but less r(‘a(lily by 
hydrochloric acid. 

An earthy variety callod nalronamhluijoniU-, analyzed by W. T. 8 challor, corrospends 
with NaPO|.Al{OH,F) in which some Hodiuin w replaced by hlhiuni. Its sp. gr. w 
3*01-3*06; and its hardness 5*5. It readily fuw‘ 8 ; and it dissolves with diflicnlty in 
sulphuric acid. The mineral nutnnite analyzed by A. Carnot and A. l..n<Toix has n com¬ 
position 3 AlPO 4 .Na 2 HPO 4 . 3 CaF 2 . 8 H 2 O, or Na. 2 H(P 0 j) 3 (AlF) 3 .(CaF).,P 04 . 8 H 20 . The 
crystals are monoclinic ; the sp. gr. 2*94 ; ami the hardness 4A. A. Lm-roix’ nounuinsitc 
closely rosemblcs morinite. The wardite of J. .\l. Davidson is considered to be either 
AIjfOHjjPOi.lHjO, or NaAlP 04 .AI( 0 H) 3 .iH 20 . 

L. Ouvrard obtained thin mica-like jilates of sodium aluminium phosphate, 
Na 3 P 04 . 2 AlP 04 , by cooling a sat. aoln. of alumina in molten sodium pyrophosphate, 
and extracting the cold mass with water. The sp. gr. is 2'1 at 20^; the 
salt is soluble in nitric acid. C. N. Paid obtained micro.seopic prisms of the 
composition 4Na2O.2Al2O3.5P2O5.30H2O, or 2 Na 4 P 207 .Al 4 (P 2 D 7 ) 3 - 3 fiH 29 > WdlUin 
aluminium pyrophosphate, by crystallization from a soln. of aluminium pyro¬ 
phosphate in one of sodium pyrophosphate. J. F. Persoz also obtained what he 
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regarded as a double pjrophosphate by adding sodium pyrophosphate to a soln. 
of an aluminium salt, K. Wallroth, and L. Ouvrard obtained Na 20 .Al 20 j. 2 P 205 , 
or NaP 03 .AIP 04 , from a soln. of alumina in molten microoosmic salt. The sp. gr. 
is 27 at 20°. In L. Grandoau’s synthesis of corundum by fusing a mixture of 
aluminium phosphate and jiotassium sulphate, he obtained an indefinite potassium 
aluminium ijhosjihate. L. Ouvrard dissolved alumina or aluminium phosphate 
in molten sodium ortho- or pyro-phosphatc~])referably with some potassium 
ehloriih? a.s well—and, on slow cooling and extraction with water, obtained lamellar 
crystals of potassium aluminium phosphate, 3 K 2 O.AI 2 O 3 . 3 P 2 O 5 . The crystals are 
probably monoclinic, ami the sp. gr. 2-3 at 20°. He also obtained monoclinic 
prisma of potassium aluminium pyrophosphate, K 20 ,Al 202 . 2 P 205 , by slowly cooling 
a soln. of alumina in molten potassium metaphosphate, and extracting the mass 
with water. The sp. gr, is 2 8 at 20°; the, crystals are insoluble in acids. 

The copper aluminium phosphates are represented in nature by henwoodite, and 
turquoise. The fortiKT, found by J. H. Collins t in Cornwall, has the composition 
Cu 0 . 2 Al 203 ,P 205 . 10 H .,0 ; sp. gr. 2*67 ; and hardness, 4-4',5. The turquoise has 
been uscid as an ornament from remote antiquity; and excavations in Egypt show 
that it was employed in that country prior to the first dynasty—over 5.5(K) B.t:., 
ac(u)rding to W, M. F, Petrie—a time into which history does not penetrate. The 
name tUTQUOise is French in form and means Turkish, since, the gem came into 
Europe m'd Turkey. Theophrastus in his Ilepl (c. 315 n.c.) mentions a copper- 
stained fossil ivory, which no doubt refers to what is now known as hme turquoise, 
or odoBtohte—oSoc!, tooth. Pliny in his Ilistoria mturalis (c. 77 a.d.) refers to the 
eutkis which is generally r<‘garded as greimish-blue turquoise, also to callaina, 
which may have been a greenish turquoise, and to caltaicn, which is regarded as 
nothing hut cullaimt. There is, however, some doubt about the modern equivalents 
of Pliny’s terms. There are numerous references to the, turquoise by subsequent 
writers (’.q. J. I). Mylius, (}. Agricola, A. B. de Boot, T. Nicols, etc. Up to the 
beginning of tln^ nineteenth century, odontolite was confused with the tunpioise. 
The early analyses by ,1. F. .John, B. Lagrange, and G. de W. Fiseluir showed that 
thi' two are es.senlinlly dilferent. Analyses by R. Hermann, A. H. Church, A. Carnot 
A. Frenzel, P. Zelluer, P. D. Nikolajcff, S. J,. Penfield, F. W. Clarke, T. Petersen! 
G. T. Moore, W. T. Schaller, J. M. Curran, F. A. Gentli, W. P. Blake, etc., range 
from: ® 

''.'’j t'«,o, p.o, H.o 

202 U'OU 31'(i 50-75 0-21-7-8 13-93-34-80 ll-8&-21-Opereont. 

with FeO, 0-91 5-32 ; CaO, 013--7-93 ; MgO, (UO-15 ; MnO, 0-0-68 ; SiOj, 0-12-57 
per cent. The analyses show a fairly wide range in composition due partly to faulty 
methods, and partly to the variations which are common to ntinerals in an 
ainorphous state. There has been some discussion as to the constitution of the 
mineral. F. W. Clarke regards the mineral as a variable mixture of the two salts 
2 A 1 ., 0 ,,.P., 05 . 5 Hj 0 and 2 CnO.P 2 O 5 . 4 H 2 O—or the. formula becomes Al 2 HP 04 ( 0 H) 4 , 
coloured with the cupric phosphate, P. Groth writes the formula of an idealized 
turquoise. P 04 Al 2 ( 0 H) 2 .H 20 , or POjHjAlfOHljlo in which part of the AL may 
be replaced by (IU 3 , or Cu,. A. Carnot gave (AI 2 . Cua, Fe 3 ) 03 .P 205 .Al 20 s. 5 H 20 . 
o. L. Penfield fieUeved that the iron and copper are essential constituents of turquoise, 
and not inipnrities; and since the water is not expelled at a low' temp., he assumed 
that the hydroghn is present as hydroxyl-groups and not as water of crystallization. 
He said that turquoise can bo regarded as a derivative of orthophosphoric acid, 
HsPOi, in^ which the hydrogen atoms are replaced by the univalent radicles 
{Al(0H)j}, jFe(0H)3! * |Cu(0H)[' in no fixed ratios, although the AI{OH)o' 

radicle always predominates. This gives jAl( 0 H) 2 , Fe( 0 H) 2 , Cu(OH), HI 8 PO 4 
for the formula of idealized turquoise. W. T. Schaller derives the formula of tri- 
olinic turquoise from CuO. 3 Al 2 O 3 . 2 P 2 O 5 . 9 H 2 O, isomorphous with chalcosidcrite, 
CuO. 3 Fe 2 O 3 . 2 P 2 Os. 9 H 2 O; and in conformity with S. L. Penfield^s arguments, he 
writes the formula CuOH. {A 1 ( 0 H) 2 } 8 H 5 {P 04 ) 4 . His analyses show that the radicles 
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A1(0H)2 , Cu(OH), snd H are present in the propertions 6:1:5. Accor(liii(t to 
M. Bauer, and N. Heaton, imitations of the turquoise are made by subjecting to 
hydraulic press, for a long period, freshly precipitated and moist mixtures of pre¬ 
cipitated aluminium phosphate and copper phosphate. The synthetic turquoise 
is very difiicult to distinguish from the mineral. 

The colour of turquoise ranges from a fine sky-blue to an unsightly green ; the 
most approved tint'for the gem-stone is the so-called sky-blue or robin’s egg blue. 
(Comparatively few stones are free from the green tinge and the value usually 
lessens as the green tinge predominates. In some cases, there are inclusions of 
foreign matter—limonite, quartz, vein matter, etc.—and if an appreciable amount 
is present, the material is called turquoise matrix. The colour of turquoise is due 
to copper, tinted more or less with iron. H. BUcking said the colour is due to copper 
phosphates ; G. T. Moore, to a copper alumiuate ; and F. W. Clarke, to a hydrated 
copper phosphate. S. L. Penfield, and W. T. Schaller have shown that the colour 
is more probably due to the presence of copper as an integral part of the molecule. 
The colours of some samples of turquoise fade soon after the mineral has been mined; 
other samples retain a good colour for an indefinitely long period. The cause of 
the alteration in colour is not known,although it has been attributed toa spontaneous 
dehydration of the molecule. W. T. Schaller noticed that crystallized turquoise 
retained its colour up to 200°; while H. Bilcking noted a change in colour at the 
temp, of molten Canada balsam as used in the preparation of microscopic slides. 
Turquoise occurs massive; a crystalline specimen was identified in 1911. 
\V, T. Schaller found that the crystals belong to the triciinic system with axial 
ratios a-.b: c =0'7910:1: OWfil, and a 92“ .58'; j3=93° .’lO'; and y 107° 41'. 
The crystals are transparent and pleochroic. Microscopic studies have been ma<te 
by G. de W. Fischer, H. Bucking, W. T. Schaller, B. Silliman, G. T. Moore and 

V. von Zepharovich, F. W. Clarke and .1. S. Diller. S, L. Penfield, D. W. Johnson, 
etc. In general, a thin slice of the mineral under the microscope appears us a con¬ 
fused mass of irregular grains with a high index of retraction. In some eases, 
there is a fibrous texture. The sp. gr, of turquoise usually ranges from 2'60 2 88 , 
although A. Frenzel found a sample, having a sp, gr, 2'39 ; and W, P, Blake, one of 
2'426, Turquoise is soft in comparison with other gem-stones ; its hardness varies 
a little, usually about 6 , the same as felspar. It's rather brittle. H. Bilcking 
found that when blue turquoise is heated, it first becomes green and blackens, 
and finally assumes a dark brown colour. Unlike glassy imitations, which fused 
quietly when heated in a crucible or with the tip of a blowpipe flame, natural turquoise 
ciecrepitates or crumbles with a crackling sound when heated. VV. T. Schaller found 
that blue crystalline turquoise can be heated to 200 ° without changing its colour, 
but between 2(X)° and 400° most of the water is given off; all the water is 
lost at 6 (X)°, and the colour is then green; at higher temp., the colour is brown. 
G. T. Moore and V. von Zepharovich found the loss of water at different temp, to be; 

ISO’ c. 530’ f. 570’ r. 740* c. 830' c. 1300" 

LossHjO . 2'l)7 l(i'72 010 0-13 0 22 O-Sf) jjor cent. 

Colour . . Browning licgins Cliorolate brown 

The total loss of water was 20'09 per cent. R. Cusack gave 15(K)° for the m.ji. 

W. T. Schaller found the indices of refraction of the crystals to be o—1'61, y- 1’66 ; 
the double refraction is strong. Massive turquoise is also doubly refracting. 
A. Lacroix gave for the mean index of refraction 1 '63. W. W. Coblentz found the 
mineral not sufficiently transparent to the ultra-red rays to show unequivocally the 
water-band at 3/i. There are small maxima in the ultra-red transmission spectrum 
at 3'3/z, 5-lfi, 5-3/z, 5‘6/i, 6'3;z, and 7'6/i. No bands belonging to the P 04 -radiole 
could be identified. A. Buguet and A. Gascard, and 0. Doclter found that turquoise 
is slightly transparent to X-rays. According to 8 . L. Penfield, powdered tur¬ 
quoise is only partially dissolved when heated in a sealed tube with hydrochloric 
acid, and the residue retains its blue colour j he hence infers that the colouring 

voi,. V. , 2 B 
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agent in cheniifally combined as an integral part of the mineral- M. Bauer sai<i 
that the action of nitric acid on turquoise varies. In some cases, the mineral dis¬ 
solves, but in other cases, the colouring matter is destroyed. W. T. Schaller found 
crystalline turquoise is not soluble in boiling hydrochloric acid, but it is soluble 
if the mineral has been heated until it is brown. P. Hautefeuille and J. Margottet 
melted a mixture of alumina, metaphoaphorie acid, and silver phosphate, and 
obtained colourless, doubly refracting, rhombic, prismatic crystals of silver 
alaminiam phosphate, 2 AI 2 O 3 .Ag 2 O. 4 P.jOs. 

The cslciuin aluminium phosphates are represented by a number of 
minerals. Thus, according to the analysis of A. H. Church,^ lamtockile, from 
Tavistock (Devonshire), has a composition approaching Caj(P 04 ) 2 . 2 Al( 0 H) 5 , or 
3 CaO.AI 2 Os.P 2 O 5 . 3 HjO. 

The amjihUhdhle of h. Ingolstroni is less calcareous; the cirrolile of C. W. Blomstrand 
ftp|iroxirnat<« 6 (.’a 0 . 3 P/) 5 . 2 Al 303 . 3 H 20 . There are a number of minerals with mixed 
buHCa in pla«;p of lltnc*. For uiHtaiiee, ihujnehte of F. JSlavik occurs in monoclinic crystals 
with axial ratios a : 6 : : I : l•024l, and |8=sl05® 31*5'. Its composition approxi¬ 

mates Al 2 () 5 .(.‘u 0 .p 30 j. 2 (Na,Tai)F. 2 (Na,Li) 0 H; its sp. gr. is 2-940; its hardness 4^; 
its iiulices of n'fraction ^ y—FSO. F. Slavik’s mineral, faemnfe, has a 

composition corri'sponding with 8 {Ca,Mn) 0 . 3 Al 203 . 3 P 20 j. 8 Na(F, 0 H). 4 H 20 , and occurs in 
monoclinic crystals with a :b : c —U‘82 : 1 ; I-OO ; the sp. gr. is 3-126 ; tho hardness, 4-5 ; 
and tho moon index of refraction 1-57. C. W. Blomstrand's altaioliie has the com- 
lio-^ilion 6(Ca, Mn)O.4p2Oj,.5Al2O3.0H.2O. Tho sp. gr. is 3-09; and the hardness 5' 

F. .Slavik’s roaclicritc has tho composition 3C’aO.2FeO.3MnO.2Al2O3.4p2O5.10H2O, or 
Jt" 2 AI( 0 H)(l^ 04 ) 2 . 2 H 2 (). It forms monoclinic crystals with tt:6:r-=0-94: 1:0-88, and 
P 99® 60'; sp. gr., 2-91(); hardness, 4*6; and high negative double rofrac-tion. 

In tho eoMphoritf of (J. J. Brush and E. S. Dana, tho composition approximates 
2 H(). 1 * 20 j.A 1 ., 03 . 41120 , where it (Uaiotes Mn and Fo, with a little Ca and Na. The 
crystals uro rhombic bipyramids with a : 6 : c —0-7708 : 1: 0-61602 ; its sp. gr. is 3*3 ; and 
tho ImrdnosH 6. 1’ho composition of tho mineral childrenik, analyzed by C. F. Kammelsberg, 
and A. H. Church, approximates 2 R" 0 .Al 203 .P 20 .. 4 H 20 , analogous, according to 
8. L. Ponfichl, with oos[>horito, only tho manganous oxido in childrenito is nearly ono-third 
that in oosphorite. Tho rhombh- orystals, according to VV. H. Miller, have tho axial rstios 
a 5 6 : c=0-77801: 1: 0-62675; tho sp. gr. is 3-22-3*247; and tlio hardness 4-5-5. J. Drug- 
man oxamini'd these two minerals. According to the analyses of L. J. Ingelstrbin, and 
W. Blomstrand, tho miaornl tdrwjophoHphitc has a composition corresponding with 
3 (Ko,Mn,Mg,CH) 0 . 3 .Al 203 . 2 p 20 j. 3 H 20 ; and, according to tho former, gershyitt 1ms the 
composition 3 K 0 . 9 Al 203 . 4 r 20 j.l 7 H 20 , whore K donotos Fo, Mg, Ca, and Mn. In IS54, 
h. J. Ingolslnmi roportod rhomboluHlral crystals of a mineral svanbergile, whose analysis 
oorrospondod with 3 Ca 0 . 3 Al 2 {) 3 . 2 .S 03 .P 20 j.t;H 20 , calcimu atumiolum sulphatopbosphate. 

Its sp. gr. was 3-29; and hardness (>. Tho mineral h'.ulite with the higher pro¬ 
portions of calcium---say 3 per coni. CuO - has been called calctum-la:ulite. T. L. Watson 
found a ajiooimon corresponding with (l*’o,Mg,ra)O.Al 203 . 1 ’ 20 j.H 20 on Craves Mountain, 
<>eorgia. 

The iniuorul ltaiiiliiitlc,or lio»'munile,\s the natural representative of strontiuni 
alODUnium pyrophosphate, ami the analyses of S. L. Penfield,® and II. L. Bowman 
correspond with j Al{ 0 H) 2 | 3 (Sr 0 H)P 207 , or 2 StO. 3 AI 2 O 3 . 2 P 2 O 5 . 7 H 2 O, where Sr 
represents stnmtium with about one-seventh barium. It has been described by 
R. H. Solly, E. Hussak, and B. .lezek. According to the latter, the crystals are 
ditrigonal with u : e-1: MS504 . sp. gr. 3’159-3'2H3 ; hardness, 4'5; indices of 
refraction. <- -Pti3870, and to--l'62945; the double refraction is positive. The 
mineral ijoyazile of A. Damout was shown by W. T. Schaller, and E. Hussak to be 
]itobably the same as hamlinite. The mineral goicririle of E. Hussak is a barium 
alammitun phosphate. Ba(Ca, St, 0 e) 0 . 2 Al 203 .P 205 . 5 H 20 . It was analyzed by 
H. Gorceix, A. Damour, and E. Boutan. The sp. gr. is 3 036-3'123. 

The mineral latulile is a magnesium alumimuffl phosphate. It has also been 
calloil false, lapis lazuli, klaprolhile, blue spar, mountain blue, natural smalt, blue 
felspar, mollile, voraulile, etc. Analyses by C. F. Kammelsberg,’ J. N. von Fuchs, 

J. L. Smith and Q. J. Brush, R. Braudes, L. J. Igelstrdm, C. W. Blomstrand, 

■I. Gampet, and A. latctoix corresimnd with 2 R 3 (P 04 ) 2 . 3 Al 2 (P 04 ) 3 . 2 HsAl 20 j, or, 
according to P. Groth, (Mg, Fe, Ca)(P 04 ) 2 (A 10 H) 2 . The crystals, according to 

K. Ptttfer, are monoclinic prisms with the axial ratios a:b: c=0'97496 :1; 1-6483, 
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and /3=89° ISf'; the sp. gr. is 2-78-3-122 ; the hardness, 5-6 ; and, aecording to 
A. Michel-Levy and A. Lacroix, the indices of refraction are a=:r603, 1’632, 

and y=l-639. The optical properties were investigated by A. von LasauLx. 
W. W. Coblcntz found a large water-band at 3p in the ultra-red trans¬ 
mission spectrum of lazulite. There is also a band at t'3^. Tho amorphous 
mineral Moeik from Kehoeit (Lawrence Co.) is a jsmc aluminium phosphate, 
which, according to t*he analysis of W, P. Headden, has the compo-sitiou 
2(AloP205.9H20).2Al2(0H)e.Zn3P.08.3H20 

Refkeknc’Es. 

1 A. de Schulten, Compt. Hftul., 98. 15«3,1884 ; M. Millot, ib., 82. 8!), I«7(i; null. S(h\ Vfmn., 
(2), 22. 244, 1874; (2), 207, 1870; A. Gautier, Co/npt. licnd., 116. 1271, 1491, 18113; 121. 

151, 1895 ; Bull. Soc. Chtm., (3), 9. 884, 1893 ; Ann. Mbtcn, (9), 5. 1, 1894 ; A. (’aniot, tb., (J>), 
8. 319, 1895; A. Lacroix, Bull Soc. Mtn., S3. 35, 1910; T. Schldsinx ui L. Graiuleau, Tratic 
Parin, 70, 1877 ; L. Grandeau,tV>mji/.iit’Md..96.921. 1883; 100.1134,1885; IMlaute- 
feullle and J. Margottet, tb., 96. 800, 1883; 106. 130, 1888; \V. .1. Xoll, PrtK. Cambritljc Phil. 
Soc., 12. 388. 1904; II. Ludwig, ^rrA. Pharm., (2), 59. 19. 1849; V. F. HninmelHberg, Pt)gy. 
.!««., 64. 251, 405,1845 ; H. Hose, ib., 76. 10,1849 ; G. ('. Wittstcin, Jiejuri. Pharm., (2), 13. 224, 
1838; (2), 14. 332, 1838; J. N. von Fuchs, Schu'ei(j<jer\i Jouru., 24. 123, 1818; L N. N’ainjuolin, 
(JufiTi. Journ. Saciicc, 15. 108, 1823 ; Ann. Chun. Phy»., (I), 96. 213, 1815; (2), 21. 188, 1822 ; 
K. Erlenmover, Bir., 14. 1809, 1881 : Liebufa Ann., 194. 190, 1878; A. Sclnvar/.cnli<‘rg. t//.. 65. 
147, 1849 ; *11. de C. Marchand, South African Journ. Sen nee, 15. 038, 1918 ; K. FloltchtT, Zeit. 
final Chem., 6. 28, 1807 ; L. L. de Koninck and A. Thiriart, ib., 20. 90, 1881 ; \V. (’. Young, 
^nalmt, 15. 01, 8:1, 18iM); F. Sestim, (lazz. ('him. Ikil, 20. 313, IWK); L. J.icchti and W. «uidu. 
Mill kch. Museum U’lcn. 1 3, 1893; K. It. Johnson. Ber., 22. 970, 1889; \\ Schweitzer, ih., 
3. 310, 1870; R. Maddrell, Journ. Chetp. Soc., 3. 273, 1851 ; Phtl. Ma<j, (3), 30. 322, 1847 ; 
F. K. Cameron and L. A. Uur«t, Journ. Anur. Chem. Soc., 26. 885, 1904 ; (i. 'I'. Gorlach, iMiidir. 
Ver. Slat.,^. 201. 1895 ; K. A. Schneider, Zcil.anorg. Chem., 8. 87, 1894 ; F. J. Otto, Schu'iKpjfr'M 
Journ., 66. 288, 1832; 67. 148, 1833 ; A. F. de Fourcro}, Annul Paru Sat. Ui«t. Mustum, 1. 
26, 1803 ; W. F. Sutherst, Chem. Neicn, 85. 157. 1902 ; Aync. Oaz., 55. 204, 1W2 ; A. J>acroix, 
MitUralogic dt la France d de sc8 colonies, Paris, 4. 480, 1910; Bull. Soc, Min., 28. 15, 1905, 
0. Grossnictsch, I’erA. deal Hdehsaymt. Wtt n, 149, 1919 ; F. Slavik, liozpram/ Ceskc Akad., 26. 
♦50, 1917 ; Bull Acad. Bokeme, 22. 32, 1918 ; W. W. ♦ Viblcntz, Invesligatiom of Infra-red Spectra, 
Washington, 3. 30, 1000 ; 4. 90. 1900 ; C. List liner, Kdl Zed., 31. 94, 1922 ; JL J^oitmeior and 
H Hcliwig, Ihiikr's Ff dschift, 41, 1920 ; H. Helmhackcr, Tschcrnuik's Mdt., (2), 2. 247, 1880 ; 
W. T. Sclmilcr, Bull V.S. Ocd. Sur., 509. 57, 1912; 610. 50. 09, 1919; Zcit. Knjd., 50. 3:i4, 
1912 ; K. A. Gfulh, ib., 18. 35>3,1891; A. Kenngolt, iJfiiirA Vurtcljahr., 11. 225,1800; T. Petersen, 
Seues Juhrb. Min., 537, 1871 ; F. Warscliauer, Zeif. anorg. Chfin., 36. 137, 1!H)3 ; A. N. ChesU^r. 
Amer. Journ. Science, (3), 13. 296, 1877 ; K. L. Packard, ib., (3), 47. 297, 1894; A. Laniour, 
Compt. Jltnd., 59, 930, 1804; A. Breithaupt, Journ. prakl. ('hem., (1), 10. 500, 18.37; 
C. W. Bleinstrand, tb., (1), 105. 338, 1808; K. Hermann, ib., (I), 40. 32, 1847; Bull Six-. 
Mosiow, 4. 490, 1808 ; G. S. Fraps, Journ Ind. Kiu/. ('hem., 3. 335, I5HI ; K. Uoricky, 

Akad. Wien, 59. 693, 1809 ; C. V. Shepard, Aincr. Journ. Science, (2), 47. 428, 18(59; J. H. Teall, 
Journ. Otol. Soc , 64.230, IH‘58; N. R. Dhar, K.C. Sen, and N. G. Chatterji, Foil. ZeU.,Z^. 29, 1923. 

“ K. Ziinanyl, Math. Tirm. FrIesUe, 27. 04, imt ; VV. RIomstrand, Journ. prakt. Chem., 
(1), 105. 338, 1808; R. Hermann, lA., (i), 33. 280, 1844 ; (1), 88. 193, 1803 ; (1), 106. 09, 1809 ; 
F. L. Honnensc-bein, tb., (1). 53. 344, 1851; J. N. von Fuchs, Schurigger's Journ., 24. 121, 1818 ; 
H. Erdmann, ib., 69. 154, 1833; J. J. Berzelius, tb., 27. 03, 1819G. Stadeler, Liebig's .•!««., 
109. 305, 1859; C. K. Munroc, Amtr. Journ. Scunce, (3), 1. 329, 1871; A. H. (.3iun;h, Journ- 
Chem. Soc., 26. 110, 1873 ; L. Licohti and W. Siudu, Ihngkr's Journ., 251. 177, 1883 ; F. Pisam, 
Compt. Bend., 75. 79, 1872; A. Carnot, tb., 118. 996, 1894; M. Millot, Compt. Rend., 82. 89, 
1870 ; F. A. Gcnth, Amcr. Journ. Science, (2), 23. 423, 1857 ; Onthe Mineralogy of Pennsylmnta, 
Harrisburg, 14.3, 1876; F. Zambonini, Atti Accad. Lincct, (5), 11. i, 123, 1902; A. J. Mows 
and L. Mc.L Luquer, School Mtnec Quart., 8. 230,1892; H. Gorceix, Bull Soc. Min., 6. 27, 188J ; 
A. Lacroix. %b.. 9. 4, 1880 ; H. Ungemaoh, ib., 35. 637, 1912; K. F. Smith, Atner. C%m. Journ . 
6. 272, 1883 ; C. F. Rammelaberg, Handhuch der Mineralchemie, Leipzig, 319, 1875; Pogg. Ann., 
64. 405, 1846 ; F. Slavik. Rozpravi/ Ceske Akad., 26. 00, 1917 ; Bull. Acad. Bohime, 22. .12,1918 ; 
Zeil Krusl., 39. 298, 1903 ; W. T.'SehaUer, ib., 44. 5, 1907 ; G. C. Wittstem, Reperl Pharm., (2). 
14. 332, 1838; A. dcs Cloizeaux, Ann. Chtm. Phj»., (4), 517. 405, 1872; F. Kretschmer, Jahrb. 
Otol. Reichaiul. Wien, 62. 421, 1902; F. Becke, Tschertnak's Mitt., {2), 1. 405, 1878; G. Csaro, 
Mem. Acad. Bruxelles, 63. 130, 1897; V. von Zopharovich, Sttzber. Akad. Iften, 66. 27. ; 

C. F. Plattner, Probirkunxt mit dem Lothrohre, Leipzig, 214, 1907 ; G. Siiezie, All* Accad. l ortno, 
22. 419, 1887; R. Cusack, Proc. Roy. Irish Acad., 4. 399, 1897 ; G. S. Frai^, Journ. Ind. Eng. 
Chem., 3. 336,1911; F. Cornu and A. Himmelbauer, Neues Jahrb. Min., ii, 173, 1900 : A. Gages, 
Journ. aeol. Soc. Dublin, 8. 73, 1858; P. Groth, TaheUarische Uebersickt der MiMralteH, hTU\jn- 
Bchweig, 1898; B. Kosmann, Zeil deut. geol. Qes., 21.802,1809; T. I’ete^n, StUM Jahrb. Mtn., 
366, 1871; A, Breithaupt, »A., 819,1872; L. F. Navarro and P. Caatro-Barca, Bed. Soc. hspanota 



372 


mORGAmC AND THEORETICAL CHEMISTRY 


IlUt. to, 2t. TiiK /yiJl; i*’. ifeiiricii, Ber.,bS. 3013,1922 ; W. W.Cobhntsi,InvMii(/aiioii.> of 
Infra-red Sperlra, WWh/ngtoji, 30, J00(); C. T. Prior and L J. Spencer, Min. Mag., H. \i 
1895; L J. Spencer, ib., 12. I, 1897; F. Cornu, Zeil. KoU., 4. 15, 1909; J. Kwnner, Fold 
Frtento, 3. 78,1882; N. von Kok.scharoff, Contrii^ions to the Mineralogy of Russia, St. Petris, 
burir, 1. 3V 1853; F. Koval, Abhand. Akad. Bohmen, 16, 1896; D. Forbes, Mag, ( 4 ) 
28. 341,1864; H. (I Smith, Proc. Roy. Soc. N.S. W., 27. 382, 1893; E. S. Lareen, Anur. Min 
2. 31, 1917; K. T. Wherry, ib., 2. 32, 1917; H. Leitmeier, Zeit. Kryst., 55. 853, J910; 
0. CrosspietscJi, Feri. Oed. Reichsamt. Wien, 149,1919: R. Herm&DD, Bali. Soc. Nat. Moscou, 
35.240, m2. 

' L J. Cohen, Journ. Amer. Chem. Soc., 29. 714, 1907; C. F. R&mmelsberg, Handbuck der 
Mineralckmie, Leipzii^, 309, 1875; Fogg. Ann., 64. 251, 405, 1845; Neues Jahrb. Min., i, 15, 
mi: 1. Moifmivt, Compl. Rend., 73. 327.1871; F. Pisani. ib., 73. 1479,1871; A. des Cloizeaux, 
lb., 57. 367, JW53; H. I^ene, ib., 132. 1J91, 1901; A. Lacroix and A. MicheM^evy, ib., 106. 
777, 1888 : Lfs miiUraux des roches, Paris, 1888; J. J. Berzelius, Qilhert's Ann., 85. 321, 1820; 

F. von Kobell, Sitzber. Akad. MUnchen, 2. 284, 1872; S. L. Penfield, Chem. Sews, 40. 208,1879; 
Amr. Journ. Science, (3), 18. 2J16, 1879; W. T. Schaller, ib., (4), 17. 191, 1904; Zeit. Kryst., 

49. 236, 1911 ; J. 1>. Dana, A System of Mineralogy, London, 781, 1892; A. Carnot and 
A. Lacroix, Hull. Soc, Min., 31. 150,1908; A. Lacroix, Miniralogie de la France el de ses colonies, 
Paris. 4. 542,1910; L. Ouvrard, Ann. C'him. Phys., (6), 16. 336, 1889; L. Grandeau, ib., (6), 8. 
207. 1886 ; V. N. Pahl, Hull. Soc. Ckim., (2), 22. 122, 1874; K. Wallrotb, ib., (2), 39. 319,1883 ; 

•I. F. Porsoz, Liebnj\‘i Ann., 65. 170, 1847; A. Gautier, Ann. Mines, (9), 5. 1, 1895; A. Carnot, 
ift., (9), 8. 319, 1895; Vompt. Rend., 121. 151, 1896; F. Zambonini, Zeit. Kryst., 42. 87, 1906; 

K. Casoria, Ann. Scuola Agrw. Portici, 6, 1904; J. M. Davidson, Amer. Journ. Science, (4), 2. 

154,1896; d. Hector, Juror's Rep. N.Z. Exhib., 423, 1865; H. Backlund, Qcol. For. Fork. Stock¬ 
holm, 40. 757, 1918. 

• J. H. Collins, Min. Mag., 1. 13, 1876; W. M. F, Petrie, Researches in Sinai, London, 280, 
1906; J. I), Mylius, Opus medieo-chymicum, Fraucofurti, 360, 1618; G. Agricola, De mlura 
fossiliuM, Basil, 1657; A. B. tie Boot, Oemmarum et lapidum historia, Lugduni Batavorum, 
1647; T, Nicols, Areuta gemmea, London, 1653; J. John, Bull. Scieni. Nat., 440, 1827; 
Uthlens Journ., 1 93, 1807 ; Mini. Soc. Imp. Nat. ilcwcoa, 1.131, 1800; G. de W. Fischer, ib., 

1. 140, 1806; Essai snr la turquoise et sur la calcite, Moscou, 1810; B. Lagrange, Ann. Chim. 
PAys,,(l),80.180,1806; P. Hautofeuilloand J. Margottet, Comp/. Fend., 96.849,1883 ; A. Carnot, 
ib., 118. 9i>f>, 1894; dnn. Mines, (9), 8. 324,1896; HuU. Soc. Min., 18. 119,1896; R. Hermann, 
Journ. prakl. Cfu'tn., (1), 38. 282, 1844; A. H. Church, Chem. Neu% 10. 2^, 1864 ; A. Frenzel, 
Tsekermak's Mill., (2), 6. 184, 1883 ; W. W. Coblentz, Investigations of Infra-red Spectra, Wash¬ 
ington, 3. 42, 11KI6; P. 1). Kikolajeff, Proc. Russ. Min. Soc., 20. 10, 1886 ; S. L. Penfield, Zeil. 
Kryst., 33. 642, BKH); /}7ner. Journ. Science, (4), 10. 346, 1900; G. F. Kunz, ib., (3). 30. 276. 
1885; W.P. Blake ib.,{3),25. 197,1883; F. W.Clarko and ,1. S. Dillcr.tft., (3), 32. 211, 1886; 
ii, Biiliman, ib., (3), 22. 70, 1881; F. A. Genth, ib., (3), 40. 116, 1890; T. Petersen, Jahresb. 
Phys. IVr. Frankfurt a.AI., 4. 1898, 1897 ; G. T. Moore, Zeil. Kryst., 16.247, 1885; G. T. Moore 
and \'. von Zepharovich, ih., 10. 248, 1886; W. T. Schaller, t6.,50.123, 1912; H. Bucking, ib., 2. 
163, 1878; 10. 245. 1885; Neues Jahrb. Min., 655,1878; C. Doolter, ib., ii, 94, 1896; N.* Heaton, 
Journ. Roy. Svc. Arts, 69. 584, 1911; J. M. Curran, Proc. Roy. Soc. N.S.W., 30. 262, 1897; 

1*. Groth, TabAl/irisrke Urbersichl der Mineralien, Braunschweig, 1898; M. Bauer, Zeit, angeu\ 
Chem., 22. 2177, 1909 ; Edelsleinkunde, Leipzig, 486,1909 ; A. Buguet and A. Gascard, Compt. 
Rend., IIK. 457, 1896; H. Cusack, Proc. Roy. Irish Acad., (3), 4. 399, 1898; A. Lacroix, 
Miiihalvgic de la France et de ses colonies, Paris, 4. 629,1910; i). W. Johnson, School Mines 
(luart., 24. 493, 1903; J. K. Pogue, The Turquoise, Washington, 1916; P. Zcllner, Isis, 637, 1834. 

» A. H. llmrtih, Journ. Chem. Soc., 18. 263, 1866 ; 26. 103, 1873; L. J. Ingelstrom, Zeit. 
Kryst., 25. 435, 1896 ; 28. 311, 1897 ; (Efvers. Akad. Forh. Stockholm, 11. 166. 1864 ; 23. 93, 
1866: ('. W. JiloinstrAnd, ib., 25. 197, 1868; F. Slavik, Abhand. Akad. Bohmen., 4, 1014; 

G. J. Brush and K. S. Dana, .Imcr. Journ. Science, (3), 16. 35, 1878; (3), 18. 47, 1879; 

W. H. Miller, Inirodnclion to Mineralogy, London, 619, 1862; S. L. Penfield, Amer, Journ. 
Science, (3), 19.316, 1880; ('. F. Rammelsborg, Pogg. Ann., 85. 436, 1862; T. L. Watson, Journ. 
Washtngton Akad. Scieftre, 11. 380, 1921 ; J. Drugman, Min. Mag., 17. 193, 1916. 

• R. H. Solly, Min. Mag., 14, 80,1906; H, L Bowman, ib., 14. 390,1907; B. Jezek, MUl. 
Akad. Prag., 17. 2, BH)H; Zeil. Kryst., 48. 660, 1911; S. L. Penfield, ib., 28. 690, 1897: 

W. T. Schaller, ib,, 50.106,1916; E. Hussak, Ann. Ilofmuseum. Wien, 19.86,1M4 ; Tschermak's 
Mitt., (2), 25. .340, 1906; A. Damour, Bull. Soc. Min., 7. 205, 1884; Bull. Soc. Ged., 2. 642, 
1860; H. Gurceix, Anti. Mines, (8), 8. 197, 1884; £. Boutan, Le diamant, Paris, 128,1886. 

• C. F. Rammelsberg. Pogg. Ann., 64. 260, 1846; Ilandhuch der Mineralchemie, Leipzig, 
322, 1876: Supp)., 149, 1886; R. Brandes, Sehweigger's Journ., 80.386,1620; J. N. von Fuchs, 
ib., 24. 373, 1818; J. L. Smith and G, J. Brush, Amer. Jemm. Science, (2), 16. 370, 1863; 

W. P. Headden, ib., (3), 46. 22, 1893; W. W. Coblentz, Investigations of Infra-red Spectra, 
Washington, 8. 42, 19^; L. J. Ingelstrom, Journ. prah. Chem., (1), 64. 253, 1865; &fvcrs. 
Abad. Fork. Stockholm, 11. 166,1864 ; 0. W. Biomstrand, ti>., 85. ^1, 1868; J. Oamper, Jahrb. 
geol. Reicksansi. Wien, 28. 614. 1878; A. Lacroix, Bull. Soc. Min., 31. 244, 1908; A. MicheB 
lAvy, Les minhaux des roches, Paris, 229,1888; P. Groth, TabeUariseke VAersielU der Mineredien, 
Braunschweig, 1898; A. von Lasaulx, St/zber. Niederskein. Qes. Not., Bonn, 274,1883; K. Priifer, 
Haidinger Abhand. IFien, 1.169,1847. 



CHAPTER XXXIV 


GALllVM 


§ 1. H^tory ot OaUium 

Gallium was discovered by Lecoq de Boisbaudran.^ The discovery was due 
to une coiiceplion ihhrique based on his views on the spectra of the elements. He 
observed that the spectral lines of the incandescent va]M>nr8 of th<‘ different members 
of a family of metals are repeated with the same dispo,^iti<)u //c«e/a/(’, exhibiting 
regular variations. He found that with the aluminium family there was a missing 
term between indium and aluminium to which belonged un corps hypothHique, with 
properties intermediate between those of the elements just mentioned. Aided by 
the spectroscope, he sought for thi.s substance under unfavourable conditions in 
1863, and in the autumn of 1868 he collected some zinc blende at Pi<'rrcfitte (Haute 
Pyrenees) with the object of renewing the quest. Work was recommenced in 1874, 
and the existence of un nouvel Mhncni established during the night of August 27-28, 
1875. It was named en Vhommr dc. la France- Gallia being the Latin name 

for France. The discovery was communicated in vn paqud cachete to I’Academic 
des Sciences on August 29, 1875, and the jjacket was opened on Sejdcmber 20, 
1875. P. E. Browning has comj)iled a bibliography of the literature of this element. 

L. dc Boisbaudran said that from the position attributed to Velhient inconnu in 
the chemical iamily he was able to predict approximately its ))ropertie8, but he 
did not think it proper to publish these speculations, n/’cs de rinmpnation, without 
making serious efforts to control them by rhullafs posit ifs. Meanwhile, 
D. I. Mcndeleeff was studying the periodic law, and in order tojustifyhis argument 
that certain blanks in the periodic table were due to unknown elements, he stated 
that the lacuna below aluminium must belong to an undiscovered (dement which 
he named eka-aluminium. Bolder than L. dc Boisbaudran, I). 1, Mendel(’cff (1869) 
attributed certain properties toeka-aluminiiirn. and in 1875, he showed that gallium 
was vested with those very qualities— vide, 1. 6, 4. A comparison of the prediction 
and of the observed results is made in Table I. M. M. P. Muir, and C. Winkler have 
discussed this subject. 

Table I.—Comparison op the Properties «.»]■■ Kka-Alcminium and fiALLUJM. 


1). I. Men<lrl6efl'fl Kka>ftluminlum, Ki L. de UoUbaiidran’HOalliuin, Oa 


1. At. wt. a)>oiit 68. 

2. Mrlal of sp. gr. .'i’Q ; rn.p. low ; non- 

voUiile: unaffected by air; should 
decompose steam at a red heat; and 
dissolve slowly in acids and alk^ies. 


3. Oxede—formula £1,0^; sp. gr. 5‘5 ; 

should dissolve in acids to form salts 
of the type EIX^. The hydroxide 
should dissolve in acids and alkalies. 

4. Salts should have a tendency to form 

basic salts; the sulphate should form 
alums; the sulphide should be pre¬ 
cipitate by H,S or (NH|).8. The 
anhydrous chloride should be more 
volatile than zinc chloride. 

5. The element will probably be dis¬ 

covered by spectnim analysis. 


1. At. wt. 69-9. 

2. MtUil of sp. gr. 5’94 ; in.p. 30*16"; 

non-volaiilo at moderate temp.; 
not changed in air ; action of steam 
unknown ; and dissolves slowly in 
acids and alkalies. 

3. Oxide —OajOj; sp. gr. unknown ; 

dissolves in acids, forming salts of 
the type UaXs- The hydroxide dis¬ 
solves in acids and alkalies. 

4. The salts n^ily hydrolyze and form 

basic salts; alums are known ; the 
sulphide is precipitated by H^S 
and by (NH|)j8 under special con¬ 
ditions. ITie anhydrous chloride is 
more volatile than zinc chloride. 

6. Was discovered by the aid of the 
8pectr(»cope. 
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In 1887, k. Linnemann * announced a new element in the oHhite from Arendal; lie 
named it austrium. This element is considered by L. de Boisbaudran, and R. Pribram to 
be impure gallium, because it exhibits the two characteristic lines of that element—the 
differences in the numbtu* and intensity of the observed spectral lines are caused by varia¬ 
tions in the working conditions. H. Pribram, however, said that orthite shows spoctro- 
w-'Opically a new element yet to be isolated ; ho called it auHrium and said that it is quite 
ditTorent from K. hintieinann's austrium. This has not been confirmed. 
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§ 2. The Occurrence of Galliam 

(■allium ia one of the scarcest of elements, but, according to W. Vernadsky,i 
W. N. Hartley and H. Hamagc, it occurs widely distributed in nature in minute 
((iiantities. J. II. L. Vogt, and F. W. Clarke and H, S. Washington estimated the 
lU-mile crust, the hydrosphere and lithosphere contained O OOOOtXIOOa: per cent, of 
gallium. Very small amounts of gallium occur in many zinc blendes. L. de 
Boisbaudran found it in the brown blende of I’ierrefitte, Sweden, and Schwarzenberg 
(Saxony); in the yellow blende of Mandesse, and Asturien; in the black blende of 
Bensberg; in the blende of Alston Moor (Cumberland), and Rio Tiierto (Spain). 
The PierreHtte blende contained () (K)14-()-(X)22 grm. of gallium per kgrm.; the 
Bensberg blende is somewhat richer, containing OOI6 grm, per kgrm. H. B. Cornwall, 
F, Ii. Bartlett, and W. F. Hillobrand and J. A. Scherrer, found it in a number of 
Ameriean zinc blendes ; C. Kimatori, in Sardinia zinc blendes; and J. B. Kirkland, 
in Australian blendes from Peelwood (N.S.W.). (!. Urbain, A. del Campo y Cerdan, 
H, C. Fogg and C. James, and W. N. Hartley and H. Ramage have discussed the 
occurrence of gallium in zinc blendes. The last-named found gallium in twelve out of 
fourteen zinc blendeswhich they examined; the first-named detected gallium in nearly 
all the 6-t samples which be examined ; and A, del Campo y Cerdan, in 60 of the 6.''i 
siiecimens investigated. Gallium, indium, and germanium werefoundin 29 cases; 
gallium and germanium in 18 ; gallhiinandindiumind ; and germanium and indium 
without gallium in none. Four samples showed gallium alone. L. de Boisbaudran 
found a little gallinm in the tutia from the zinc furnaces of the Societe de la Vicille- 
Montagne. B. Delachanal and A, Mormet found gallium in the residue remaining 
after the distillation of zinc—approximately 0 002 grm. of gallium in 10 kgrms. of 
zinc, or 1: fiOtXtOOO. P. E. Browning and H. S. Ulilcr found niercnry-like, globules 
of an alloy of gallium with abont 10 per cent, of indium, some load and zinc, on the 
surface of a residue obtained in the distillation of ziuc. L. de Boisbaudran observed 
no gallium in the ribbon blende from Vieille Montagne. zinc from Vieille Montagne, 
tutia from Corphalie, galena from Pierrefitte, calamine from Sardinia and Le Gard, 
and in commercial hydrochloric and nitric acids. W. N. Hartley and H. Ramage 
demonstrated the presence of gallium, spectroscopically, in 36 out of 91 iron 
ores they examined—siderite, pyrites, etc.; it was found in seven magnetites ; in 
metallic iron; in the flue dust of blast furnaces: in fifteen aluminium ores; usually 
in china clay and bauxite; in commercial alum; and in four out of twelve 
manganese ores. C. Boulanger and J. Bardet, and R. L. y Gamboa also found 
gallium to be present in commercial aluminium- in one case 0 017 per cent, 
of gallium—and in many bauxites; J, Bunt, 0. Pufahl, and J. S, Thomas and 
W. Pugh found about half per cent, of gallium in germanite. 
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W. N. Hartley and H. Kamage found gallium to be present in inctcoric iron, and 
the spectroscope showed it to be present in the sun ; the latter observation was 
confirmed by J. N. Lockyer. W. N. Hartley has also discussed the occurrence of 
gallium in the sun and stars. The presence of gallium was found by J. llardet in 
some French mineral waters. 
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§ 3. The Extraction ot GaUium 

fj. (le Boi.sbaudrau ^ oinployed the following process for extracting gallium from 
its ores: 

Tho oi-e, at’cording to its imtun', is dissolved in aqua if'gia, hydrofldorio/ or sulpburio 
uckl. 'i’bo cold liquid is treated uith plates of zinc, whieh prccipitaPi copper, (irsenic, 
lead, cmlinuun, mdiuni, thalliiun. mercury, silver, bismuth, tin, gold, and .sehmiuin ; tho 
solii. w liltercd, when tlio escape of hydrogen is si il) oonHidorablo. Tho liquid is then healed 
with a large excess of zinc. Tho gelatinous deposit is washed, and rcdissolvod in hydiochlorio 
acid. Tho new liquid is heateil with an excess of zinc, and a secoml gelatinous precipilfilo 
is oblaineil. Jnto the hydrochlorie soln. of this second precipilato formed by zinc a 
cuiTont of hydrogen sulphide is pas.se<B the hfpad is filtered, the excess of hydrogen sulplilde 
driven off, an<l the soln. w fractionated with sodium carbonate, ceasing when the ray tlaa 417 t) 
ceases to bo visible with tho hydrochloric soln. of the precipitate. Tho oxides or sub-salts 
aro taken up witli sulpliuric acid; tho soln. is caiofuliy evaporated until white sulphurio 
acid vapours aro no longer, or but slightly, given off. It is allowed to cool, ami stirred with 
water, which dissolves tho mass after the lapsi' of a time varying from some lioiirs to a couplo 
of days. Tho soln. of the sulphate, almost neutral, is <iiluto<l with much water, and raised to 
the boiling-point. The sub-salt of gallium issepuratcilby filtration whilst hot. 1'his basic salt 
is dissolved in a littlo sulpliuric acid, ami tho liquid is mixed with a slight excess of potaKsumi 
hydroxide, so as to diasolvo tho gallium, hut to leave tlie iron. It is filU'rod, an<l tho oxiflo 
of gallium is precipitated by a prolonged curr«.>ntof carbon dioxide. 'Hiis oxide is redissolved 
in n minimum of sulphuric ocud, a slight ox<-ess of ommonium acetate, feebly acid, is aildotl, 
and it is then treated with hydrogen sulphide. Under those comlilions the gallium is not 
precipitatecl. Th© acid liquid is filtered, diluted with water, and raisiHl to a boil. TIu' 
bulk of the gallium U precipitated and filtered whilst hot. The mother-liquor, concentrated, 
and boiled with aqua regia in order to destroy ammoniacal salts, is added to the other 
gallium residues. Tlie precipitate formed on heating the m.'etic arid soln. is redissulvod in 
sulphuric acid, a slight excess of potassium hydroxide U added, and it is then fil(4‘re<l« The 
soln. in alkali-lye is electrolyzed. Tlie gallium is easily detached from platiniiiri electrode 
on pressing it between tho fingers under warm water. The metal is then immersed for 
about half an hour in nitric acid at about 60" or 70", quite free from chlorine, and diluted 
with on equal volume of water. After washing, it may l^e regarded as pure. 

The small proportion of galbum in the ores renders the preparation of the metal 
costly and laborious. The extraction of gallium from zinc ores was described by 
H. C. Fogg and C. James; and from germanitc, by J. 8. Thomas and C. James. 
L. de Boisbaudran and E. Jungfleisch used the following mo<lification of the above 
process for extracting gallium from the blende of Benaberg, the richest ore available: 
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Tlie pulverized mineral is roasted in a gM furnace, when the gallium mmains 
while the greater part of the inditim is volatilized. The residue is treated with a quantity 
of sulphuric acid sufficient to dissolve almost all the zinc, leaving, however, in the mass so 
much subsulphatc of this mineral that the filtrate may be rendered turbid by cold water. 
We thus obtain commercial zinc Huljdiate and a residue containing the gallium. This 
residue is lodissolved hi an excess of sulphuric acid. ' ^fter the reduction of the per-salt 
of iron by means of metallic zinc, the filtrate is precipitated fractionally with sodium 
carbonate, the progress of the operation being watched with the spectroscope. Tlie 
precipitates are re-dissoIvcd in sulphuric acid, and a second reduction with zinc and a 
fractional precipitation with sodium carbonate follow'. AH the gallium in the 4300 kilos, 
of ore was thus conenntratod in about 100 kilos, of still moist material. To remove the 
iron the reductions with zinc and the fractional precipitations wnth sodium carbonate 
arc repeated several times, 'flio galliferous precipitate is redissolvod in sulphuric acid, 
eva(>orato4l to the elimination of most of the excess of acid, and boiled with much 
water. The filtrate deposits a sediment containing titanic acid. The liquid, which is very 
much <*liorgcd with zinc, is ti-eatiMl with hydrogen sulphide, mixed with ammonium 
acetate, and again tieate<l with hydrogen sulphide. Zinc sulphide is thrown dowm along 
with gallium, which is thus freed from alumina. The additions of zinc sulphate, of 
Hiiiinuniuni acetato, and the cuiTents of liydrogeu sulphide, are repeated as long as the 
sulphide gives (he rays of gallium. The sulphuric soln. of the galliferous sulphides of zinc 
is candully fractioned with sodium carbonate, and guided by spectral examination the 
zinc IS thus <‘oinpletoly separated. The product is again iliasolved in the theoretical 
quaiilily of sulphuric acid and treated with hydrogen sulphide when a little cadmium, lead, 
iiKlium, zinc, etc., are deposited as sulphides; ami the liquid, largely diluted with w’ater, is 
raised to t ho boil. By nltorlng when hot we l olloct-a bulky sub-salt of gallium which is 
immediately washed in boiling w'ater, for on cooling it dissolvo-s in its mother liquor. This 
basic salt is very readily attoekod by alkali-lyc, which leaves undissolvcd iron, indium, etc. 
'Hie ulkaline liquor oii tieatment with hydrogen Hul|)hide gas, and then by very slight acidu- 
lahon with sulphuru- ai-id, yields a deposit prineijially i-onsisting of indium sulphide. Tho 
very slightly ac‘id liquid is next boiled with o. large excess of water, when the sub-salt is 
again iloposited. Metallii- gallium is isolated by tho ele<*trolysis of the soln. of the sub-aalt 
in alkali-lye. Tho motallie deposit Is only obtained advantageously under certain special 
eonditioriH. Tho intensity of tho ole<-tric cun-ent should vary according to the cone, of 
tho liquid, hut the surfai'o of the negalivo eltM'tiode must lie small in comparison with that 
of the |K)Hilive electroilo. If the metal is deposited in the cold it often forms long rows of 
crystals resembling needles fixed to tho electrode by one of their ends, and sometimes 
reaching 3 erns. in length. Above .30®, the metal flows in drofw, which I'ollect at tho bottom 
of the electrode. Tho i rude inolal has been further purified by filtering it t hrough dense 
linen, shaking it while hot with water acidulateil with hydrochloric acid, and by rejieatoil 
rocrystailization. 

W. N. Hartley and H. Rainage also separated gallium from iron. V. E. Browning 
and L. K. Porter separated gallium and zinc by the. fractional crystallization of 
csosium-gallium alum. R. L. y Gamboa separated gallium from aluminium by 
nrecipitating the former in hydrochloric acid soln. containing potassium arsenite, 
by means of hydrogen sulphide. The arsenic sulphide carries down all the 
gallium as sulphide. F. Bates purified gallium in the following manner : 

Crude gallium was dissolved in aqua regia, treated with sulphuric acid, and heated 
until it fumes so as to remove nitric acid. After dilution, small amounts of lead sulphate 
were filteretl off. The soln. was then diluted, treated with hydrogen sulphide, and filtered 
to remove tho hydrogen-sulphide group of elements. The filtrate was boiled to expel 
hydrogen sulphide and treated with ammonium hydroxide. The precipitate W'as filtered 
off, dissolved, and reprecipitated three times to free it from zinc. The final separation from 
indium was based on the solubility of gallium hy<lroxide in a soln. of sodium hydroxide 
and the insolubility of indium hydroxide in that reagent. The sodium hydroxide separation 
was carried through three times. The deposition of gallium was finally carried out by 
eleotrolysis of the alkaline soln. 

The electrolytic deposition of gallium from alkaline soln. of its salts or hydroxide 
has been studied by L. Schucht, L. Ehrlich, and G. Kunert. P. E. Browning and 
H. S. Uhler obtained the metal in the form of a gallium-tree when operating at 0°; 
at ordinary temp., the metal appears in liquid globules. L. M. Dennis and 
J. A. Bridgman showed that by the fractional electrolysis of a slightly 
acid soln. of the sulphates of gallium, indium, and zinc, zinc may be removed 
entirely, and the gallinm obtained almost free from inthum. T. W. Bichards 
and S. Boyer found that the separation of gallium from indium by the process 
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based on the difference in the soiubUities of the hydroxides in aikali-lye 
leaves several per cent, of indium with the gallium. The electrolytic process based 
on the fact that gallium is less easily deposited than indium, and more easily deposited 
than zinc, gives good rraults. 
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§ 4. The Physical Properties of OalUum 

Gallium is a greyish metal with a colour resembling that of steel; it has a greenish- 
blue reflex, and when molten it appears like tin or silver. According to L. de 
Boisbaudran,! with repeatedly reflected light the colour is bluish-green. T. (’arnelley 
8tudie<l the relation between the colour and at. wt. of the gallium family of ehunents. 
L. dc Boisbaudran andE. Jungfleisoh obtained crystals by introducing a platinum 
wire supporting a little, solid gallium into the molten metal, undereoole<i 10°- ir)*^ 
below its m.p.; in three to ten seconds, octahedral crystals are formed. If the 
crystals are not promptly withdrawn, the metal becomes heated too near its 
m.p., solidification is retarded, and plate-like crystals are formed. The lustrous 
crystals are difficult to measure because their surfaces are slightly curved. The 
metal’ crystallizes in bipyramids probably belonging to the monoclinic system, 
according to Ij. de Boisbaudran, or to the tetragonal system, according to A. des 
Cloizeaux. The solid metal has a crystalline texture. 

The specific gravity of the samples first j)repared by L. dc Boisbaudran was 
i l at 15715 '’, but he later found this result is too low—possibly owing to interstices 
filled with air or water; he later obtained 5d)35 at 2'1‘‘1572'1‘45'’ for the solid and 
6'07 for the liquid at 24'7'’. Like water, therefore, the solid contracts on melting. 
T. W. Richards and S. Boyer found that the purest sample of gallium they ])repared 
had a sp. gr. 5'885 in the solid state and 6’()81 in the liquid state; gallium con¬ 
taminated with indium had sp. gr. 5 975 and 6166 respectively in the solid and 
liquid states. The presence of indium has thus little influence on t he expansion 
which occurs when gallium freezes. E. Donath and J. Mayrhofer studied the at. 
vol. of gallium with respect to its position in the periodic table. Gallium is hard ; 
and it gives a bluish-grey streak on paper. The malleability is low. It can be 
extended under the hammer, but it soon becomes brittle, breaking in the direction 
of the crystalline cleavage on shock, or when suddenly bent. Thin foil was obtained 
by melting the metal between sheets of glass. T. W. Richards and S. Boyer found 
the compressibility of the purest gallium, i.e. the fractional change in vol. caused by 
one megabar press., between 100-500 megabars, to be 2 09 x 10^ pr unit vol. per 
megabar, at 30®; and that of gallium contaminated with some indium, 1 97 X10^. 
The compressibility of the liquid at 30® is 3'97 XlO^, a value very near that of 
mercury, and nearly twice the value for solid gallium. This agrees with general 
experience that the compressibility of a substance in the solid state is less tlian that 
of the same substance in the liquid state irrespective of the volumes occupied. 

L. de Boisbaudran measured the melti]^ point of six samples of gallium 
successively deposited from the same soln. The first and last fractions had 
respectively the values 3014° and 30']6®—the mean of all six samples was 30‘1B® ; 
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an earlier determination on a leas pure sample gave 29'5°. M. Berthelot found the 
m.p. to he SO’, and W. Guertler and M. Pirani give this as the best representative 
value. The metal thus liquefies when held in the fingers, and it very readily remains 
in a state of surfusion. The fusion point was not changed by keeping the metal in 
boiling water for 2 hrs. to destroy any potassium which might be present. 
T. W. Richards and S. Boyer obtained SO'S" for the m.p. of the metal purified by 
the electrolytic process, and 2G'9'' for that purified by the hydroxide process without 
electrolysis. From T. W. Richards and S. Boyer’s value for the sp. gr. of the liquid 
and solid at the, m.ii. W. R. Mott gave .Gf)' 1° for the m.p., and 1700° for the boiling 
point. According to W. R. Fielding, the metal is more polymerized in the liqiud 
than in the solid state at the m.|>. P. W. Bridgman computed that gallium contracts 
()-OOr>29 e.e.pcr gram in passing from the soli<l to the liquid state, and increasing press, 
accordingly depress the m.p. The m.p, at different press., p,in kgrms. per sq.cm.are: 

P ■ . 0 1000 20(K) 4000 BOOO 8000 10.000 12 000 

in.|). . . 29'8.')° 27-8° ZB-t" 21-4'’ 17-0° 12'fi“ 8'I0' 2’5.5° 


fj. de Boishaudran said that melted gallium adheres readily to glass, on which it 
forms a fine mirror whiter than that produced by mercury ; but, added L. de Bois- 
bau(|ran and E. .fungfleiseh, after cooling and .solidification, the metal can be 
readily detached from glass. L. de Jinisljaudran found the metal to be but slightly 
volatile even at a red heat. F. Bates 3ai<l that little is known concerning the boiling 
point of gallium, but a few experiments which have been made show that it is over 
l.'iOO”. lj. de Boisbaudraii suggested using gallium in place of mercury as a thermo¬ 
meter liquid lor high temp. M. Berthelot found the specific heat of solid gallium to be, 
1) 079 between 12“ and 23"; and that of the liquid between 12-5 and 119°, to be 
0 082; the atomic heat of the solid is therefore .5',92, and that of the liquid b'SO. 
A. Hucken gave for the mol. lit, of liquid gallium Cp - 'yi), and for the solid b'S. 
From the, shqie of the press.-m.p. curve 0-(K1203, and ('la|ioyron’.s equation, 
]’. W. Bridgman computed the latent heat oHusion to be 18 5 cals, per gram! 
M. Berthelot found by seeding aurln.seil gallium at l.T, the heat of fusion to be, 19'1I 
cals, per gram of metal. P. W. Robertson di.scu.ssed some relations lietween the 
physical constants of gallium. 

The spark spectrum of gallium was shown by 1,. de Boisbaudraii to lurni,«h two 
violet lines A---4I72'2 and 4033 18- the former is much more intense than the. latter. 
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Flo. 1.-Spark 8[)cetriun of Ualliiun 


The flame spectrum is feeble anil rapidly 
vanishes. There arc three other feebler 
linos for A --fi.396‘99 and 6413‘92; and one 
still more feeble, for A=302t) Cl, Fig. 1— 
by F. Bates. Four of these five lines are 


, in the visible spectrum. P. E. Browning 

and H. S. Uhler found indications of the possibility of two taint gallium 
lines A—53.53'81 and 5369'8. Lines have also been observed by B, Delaehanal and 
A. Mermet, G. I). Liveing and J. Dewar, E. Klein, E. Demar^ay, W. N. Hartley 
and co-workers, F. Exncr and H. Haschek. While H. Kayser said that so little is 
really known that tzffes iii uf/cwi istdas Spcklnttu dcs Gulhum uoch soffut witt uidyplcQnnt• 
The series spectra of the family have been studied by J. R. Rydberg, W. M. Hicks, 
A. Fowler, .T. A. Carroll, and F. Paschen and K. Meissner. H.’s. Uhler and 
J. W. Tanch studied the arc spectrum of gallium; and W. Grotrian, the ahsor p Gou 
spectrum. W. Duane and K. T. Hu, and H, S. Uhler and C. D. Cooksey measured 
the X-ra; spectrum of gallium, and found, in Angstrom units, 02 a'=l' 34161 ; 
<iia~l’33785; and Pi^=l’20591. The high-frequency spectrum was also studied 
by M. de Broglie, F. L. Mohler and A. E. Ruark gave for the ionization potentials, 
2pj=6‘960 ; 2pi=,5-871; and for the resonance potentials, 2p2—2p2=0-102: 
2p2—2s=3-060 ; 2pj—3di, 2=4-294. According to J. H. Gladstone, the specific 
rebaction, calculated from the rnbidia alum, is 0-2120; and the atomic refraction 
approximately 14-8; the sp. refraction is 0166, and the atomic refraction 11-6 
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with the ffj-linc. W. J. Pope gave 16'52 for the at. retraction of gallium with 
the C-line. 

A, Guntz and W. Broniewsky found the specific electrical resistance of gallium 
at 0° to be 53 4 when the absolute value of a gallium filament is 1'368G, and 
of mcrcur)' of the same volume 2'4095 ; at higher temp, the values arc : 

u* n'4” ISO" 

Sji. resistmico . . 53‘4 50 5 57-0 


i»«4* no-3'' 40 r 

558 iii.p. 27-2 28 1 28 0 

J.Itjuld 


According to P. \V. Bridgman, the ap. resistance of liquid gallium at the m.p. i» 
25*92 X10"® units; and relative sp. resistance, R, of liquid gallium atditlerent press., 
p kgrnis. per sq. cm., and temp. 


p . . . 0 1000 2000 

{W . . 0-0450 0-0415 0-0380 

05* . 0-6047 0-0005 0-0504 

(100* . . 0-0824 0-0783 0-0743 


4tK)0 

6000 

8000 

10,000 

i2,mM) 

0-6308 

0-6238 

0-6171 

0-6105 

0-6044 

0-6488 

0-6418 

o-6;i4o 

0-628:1 

0-6223 

0-0607 

0-6503 

0-0522 

0-6151 

0-6386 


SO that the average press, cooff. of the resistance between 0 and 12.()()0kgrms. jM‘r 
s(|. cm. is — 0 ' 05 . 53 l at 30”, —0-05532 at 05”, and - 0'05531 at l(t0”. No 
discontinuities were observed, showing that there is probably no new modification 
in the region observed. The relation between press, and resistance is linear at 0” 
to 12,(XK) kgrms. per sq.cm, press., the coeff. being —OO 5217 ; ami in a glass capillary 
tube —O-OslOl. The temj». coetl. of the resistance for the unconstrained solid is 
0*(Kt3tM)3 between O ' and 21*5”. The sp. resistance of solid gallium was 1*733 times 
tlmt of the liquid at the m.j).; A. (luntz and W. Broniewsky found 2*00 for this 
ratio. 1‘. W. Bridgman found that for the siiperf-ooled lifpiid down to 0”, the. 
resistance curve is a regular prolongation of the (-urve at tin'm.])., while A. (luntz 
and W. Broniewsky, and A. Scliulzc found the resist aneo, R, to pass through a 
minimum and to increase again in the unstable region: 

0’ 17-4“ ise’ 2fi4" 231)'’ 303'' 401* 

/exl0« . . 53-4 56-5 57-0 .55-8 m.p. 272 2H-4 

at the m.p. the resistance of the .solid is .57 Xl0~®, and of the liquid, 27 XlO"®, 
.1. Regiianld found that liquid gallium is clectronegafivc to tlie solid metal, ami ho 
made a cell witli lifjuid gallium acting as the positive, solifi gallium as negative 
electrode - -in a neutral aq. soln. of gallium suljfhate. S. Meyer, and M. Owen 
found the metal to be diamagm;tic. 
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§ 6. The Cbemical Properties ol Gallium 

J. N. Lockyor i aaiil that when gallium is heated in vacuo, no occluded gas is 
given off. According to io do Boisbaudran and E. Jungtieisch, gallium preserves 
its lustre in air, and even in the laboratory where the air is usually loaded with acid 
vapours. L. de Boisbaudran said that in air at a red heat the metal is oxidized 
only superficially. A. Dupre found that dry oxygen at 285" exerts no visible action 
on the metal; at incipient redue.s8, the metal loses its lustre and is covered by a 
very thin greyish-blue pellicle ; at a full red heat, a distinct film of oxide is formed 
and this ]irotect8 the metal from further oxidation; and at a bright red heat, a 
slight sublimate of oxide is formed in the hottest parts of the tube. L. de Bois¬ 
baudran and E. dungfleisch stated that gallium remains bright in boiling water free 
from air, but, in water containing air, the metal tarnishes slowly. When crystallized 
gallium is thrown into hot water, it crackles, and bubbles of gas escape—possibly 
hydrogen occluded when the metal was electro-deposited. Gallium unites witli 
chlorine, bromine, and iodine in the cold and in decreasing order of activity. The 
metal is slowly dissolved by hydrochloric 8Cid, cold or hot, with the evolution of 
hydrogen. The action of acids is faster with the solid than with the liquid metal. 
The metal is .slowly di.saolved by nitric acid— faster when hot than when cold. 
With monohydrated nitric acid, free from nitrous vapours, the action is almost nil 
at ordinary temp., but at 40“- 50", the action proceeds slowly, forming a grey deposit 
which dissolves very slowly. Aqua regia is a better solvent than nitric acid, but the 
action is not rapid. Gallium dissolves in a soln. of potassium hydroxide, and hydrogen 
is evolved. According to F. Bates, cadmium readily alloys with gallium, and he used 
the alloy in place of cadmium alone for a cadmium vapour lamp. When solidified, 
the alloy does not adhere to the fused silica walls of the lamp. W. Ramsay found 
that gallium readily amalgamates with mercury, L. do Boisbaudran found that 
gallium readily alloys with aluminium, and mixtures rich in gallium are liquid at 
ordinary temp.; they readily decompose water, evolving hydrogen and leaving a 
solid residue of the metal gallium, and aluminium hydroxide. Gallium also alloys 
with platinum, indium, etc. Gallium forms two series of salts, in one the metal 
is a dyad, and in the other a triad. Gallous salts have reducing properties, and they 
are unstable. A. Korezynsky studied the catalytic effect of gallium and its salts on 
the hydrogenation of aromatic hydrocarbons. 

Reactions Ol analytical intOlWt. —The gallic salts arc colourless or white ; the 
sulphate and nitrate are readily soluble in water; the sulphate forms alums. The 
aq. soln. are hydrolyzed when boiled, and a basic salt is precipitated. Gallic salts 
give no precipitate with hydiocbloric add. The soln., acidified with hydrochloric, 
sulphuric, tartaric, or acetic acid, gives no precipitate with hydrogen loiphide, even 
if ammonium or alkali tartrates are present, but if zinc, silver, copper, manganese, 
iron, or arsenic are present in a feebly acid soln., some gallium is carried down with 
the precipitate, but not if the soln. be strongly acidified. Gallium is not precipitated 
by ammonium sulphide, but in presence of other salts, like those of zinc, the gallium 
is precipitated with the zinc sulphide. Gallic hydroxide is precipitated by soln. 
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of pota wi a m bpdrozide, or by t^ua ammoau, aud the precipitate is soluble in au 
excess. The presence of t8^rtaric acid binders the precipitation by ammonia. A 
white precipitate is obtained with aUoUi or ammnninm carbonate, and in the latter 
case the precipitate is soluble in an excess of the precipitant. Gallium hydroxide 
is precipitated by bariom or oaloiain carbonate in the cold. Similar precipitates 
are obtained by adding enprio oxide or manganous sulphide— in the latter case 
hydrogen sulphide is evolved. The precipitation with cupric oxide is utilized for 
separating gallium from salts of lead, cobalt, nickel, iron, thallium, beryllium, 
and the rare earths. When a boiling dil. soln. of a gallic salt, acidified with acetic 
jicid, is treated with ammonium acetate, gallic hydroxide is precipitated if the pre¬ 
cipitant is not in too great an excess. Potassium Icrrocyanide gives a precipitate 
in soln. strongly acidified with hydrochloric acid. L. E. Porter and P. E. Browning 
based a method of analysis on this reaction which is very sensitive, a precipitate is 
produced in a soln. containing 1 part of gallium in 200,000 parts of soln. No 
precipitation occurs with potassium ferricya&e. The metal zinc gives a precipitate 
only with alkaline soln. of gallium salts; the gallium forms insoluble Hecks of 
gallic oxide or of a basic salt; the reaction with cadmium is incomplete; and with 
iron, a long boiling is needed. In gravimetric analysis, gallium is precipitated by 
ammonia and weighed as sesquioxide. 

The atomic weight Oi galhum, —The hydrogen eq. of gallium in gallons salts is 
about 35, and in gallic salts, 23'3. It is assumed that in the former case the metal 
is dyadic, and in the latter triadic, and that the at. wt. approximates 70 because this 
corresponds (i) with the smallest quantity of gallium in gallium trichloride when 
tested by the vapour density method of Avogadro; (ii) with Uulong and Petit’s 
specific heat rule; (iii) with Mitscherlich's isomorphic law where the gallic alums 
are isomorphous with aluminium, indium, and thallium alums; and (iv) with the 
position assigned to it in the periodic table, (v) 0. Runge and J. Precht’s method, 
based on the linear relation of the logarithms of the at. wt. and the logarithm of the 
doublet separation of members of a family, was shown by W, M. Watts to agree with 
an at. wt. of about 70. L. do Boisbaudran determined the ratio ammonia gallic, 
alum, and gallic oxide, (NH4)2S04.Ga2(S04)3.24H.20 : Ga 203 , and hence computed 
the at. wt. 70 08 ; and he also dissolved gallium in nitric acid, and ignited the nitrate 
so as to obtain gallic oxide, and from the ratio 2Ga : Ga 203 , computed the at, wt. 
(>9'7. In some preliminary experiments. T. W. Richards, W. M. Graig, and 
J. Sameshima determined the ratio Gads: 3AgGI, and hence eomputed the at. wt. 
7010; and T. W. Richards and W. M. Craig obtained 69-716. The International 
Table gives 69 9 for the best representative value. From the lowering of the, vap. 
press, of soln. of gallium in mercury, W. Ramsay inferred that gallium is monatomic 
in the dil. soln.—this presupposes that no gallium mercurides are formed. The 
atomic number of gallium is 31. F. W. Aston found that gallium has two isotopei 
with At. masses 69 and 71. 
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§ 6. Gallium Oxides and Hydroxides 

Gallium forms gallium sesquioxide, gallic oxide, or gallium trioxide, Ga 203 ; and 
what may bt; a lower oxide, gallons oxide or gallium monoxide, GaO—but the 
existence of the latter is not so well established as that of the former. L. de Bois- 
baudran ^ obtained gallic oxide by the action of nitric acid on gallium, or by heating 
the nitrate. A. Dupre also found that the oxide obtained by igniting the nitrate is a 
white friable mass which, if heated in a stream of dry hydrogen, partly sublimes, and. 
is partly reduced; at a cherry-red heat, said he, a bluish-grey substance is produced 
which resembles the pellicle formed on the oxidation of gallium ; notwithstanding 
the blue tint, the oxide does not appear to contain appreciable traces of the metal, 
for on treatment with nitric acid there is no evolution of nitrous fumes. It dissolves 
also in dii. sulphuric acid without the evolution of any gas, and the soln. reduces 
potassium permanganate. It is therefore inferred that the greyish-blue matter 
is a lower oxide of gallium, probably gallous oxide, for the sulphuric acid soln. of 
gallic oxide does not reduce; })ernianganate. L. de Boisbaudran prepared a brown 
oxide witli similar j)ropertio8 to A. Dupre’s gallous oxide by the action of water on 
gallous chloride. 

Gulbc oxide is infusible at a red heat. According to L. F. Nilson and 
0. Pettersson, the sp. ht. of the oxide is 0'1062, and the mol heat, 19’54. L. de 
Boisbaudran found that cliromiferous gallic oxide gives a fine red fluorescence in 
the cathode rays. O'l per cent, of chromic oxide is sullicient. The oxides of 
samarium, dysprosium, and terbium also act as phosphorogens on gallic oxide. 
E. h. Nichols and H. L. H(>wes studied the luminescent spectrum of the incandescent 
oxide. Gallic oxide is soluble in hy<lrochloric or sulphuric acid, in an aq. soln. 
of alkali hydroxide, and in a<j. ammonia ; but if tin; oxide has been strongly heated, 
its solubility in tliese menstrua is so slow that L. de Boisbaudran said that it is 
insoluble. The calcined oxide may be brought into soln. by fusion with potassium 
hydrosulphate, or hydroxide. As indicated above, A. Dupre found that at a clierry • 
red heat, hydrogen reduces gallic oxide to a lower oxide ; at a bright-red heat, tlie 
oxide is reduced to metal. ('. Winkler found the oxide is reduced wlien heated witli 
magnesium, forming a reguliuc metal. 

According to L. do Boisbaudran, the precipitate obtained by treating soln. of 
gallium salts with alkali carbonates or hydrocarbonates; by alkali hydroxides; by 
aqua ammonia; and by ammonium carbonate, is probably gallic hydroxide, Ga( 0 H) 3 . 
According to L. M. Dennis and J. A. Bridgman, the precipitate of hydroxide obtained 
by boiling a soln. of gallium sulphate with sodium trinitride, or sodium sulphite, is 
more curdy and more easily washed than the gelatinous precipitate obtained with aq. 
ammonia. The precipitated hydroxide, dissolves in aq. soln. of ammonia, ammonium 
carbonate, or alkali hydroxide. Aq. ammonia or alkali hydroxide does not give a 
precipitate with soln. of gallium salts in the presence of tartaric acid, presumably, 
said L. de Boisbaudran, because complex gallic tartrates are formed. Gallic 
hydroxide is readily soluble in acids, forming soln. of the corresponding salts. 
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§ 7. Gallium Halides 

Tihii jtuorides of gallium have uot been investigated. According to L. de Bois- 
baudrau,^ gallium forms two chlorides, namely, gallons chloride, or gal^um dichloride, 
GaClo ; and^«///ccA/or^e,orgallium kichloridetOa(\. Gallons chloride is obtained 
by heating gallic chloride with gallium ; heating an excess of gallium in chlorine ; 
or, ill soln., by dissolving gallium in a little cone, hydrochloric acid. When the 
last-named soln. is diluted with water, a soln. of gallic chloride is formed, and 
bubbles of hydrogen gas are given off the gas carries some entrained spray of the 
soln., hence the older suggestion that it is gallium hjdridc. The white or j)ale grey 
solid is very hygroscopic, and in air forms deliquescent crystals. The salt melts at 
164'', and boils at 535'^. The fused salt is readily under-cooled. According to 
L. F. Nilson and 0. Pettersson, the vapour deusity between KXK)''' and 1100'^ is 
4’82. and between 1300'' and 1400*^, 3'56—the theoretical value for (laCL is 1*86. 
W. Hampe found the molten salt is a good electrical conductor-globules of metal 
separate at the cathode, but the chlorine at the anode converts the gallons into gallic 
chloride. According to L. de Boi.sbaudran, a little water dissolves gallons chloride, 
forming a syrup which ha.s strong reducing properties ; with further dilution, there 
is a vigoroins evolution of hydrog«*n, and a brown gallons oxide is j)recipitated. 

Gallic chloride is fornuMl by the action of an excess of chlorine or hydrogen 
chloride on the metal at about 210\ The reaction is att<‘nded by the evolution <»f 
much heat. Good crystals wer(‘ obtained by melting or subliming the j)roducl. 
Ia M. Dennis and J. A. Bridgman, and T. W. Biehurda, W. M. Graig, and J. Same* 
shima found that the preparation of gallic chloride by burning gallium in dry chlorine, 
ami di.stilling the product first in chlorine, then in nitrogen, and then in vacuo, gave a 
lirofluct whose s]mrk spectrum showed it to be free from other metals. L. de Bois- 
baudran found the ni.p. to be 75*5^; and the b.])., 2lO''’-2ir)The molten salt has 
a tendency to under-cooling, it is also readily superheated to 240”, and the liquid 
absorbs dry gases, rejecting them again on cooling. The soln. of chlorine in the 
superheated licjuid is yellow. According to W. Hampe, the sp. gr. of the liquid 
at 2*.36. The vapour den.sity of the gas has been determined by L. dc Bois- 

baudrau, Friedcl and J. M. (’rafts, and by L. K, Nilson and 0. IVttersson, with 
the average results: 

2:17'' :»(»7’ 44(»* ftoti* looo”-nou'' 

Vapour density . 1I-73 ll’O lO-til 8 St 0-.'>2 0'14 5'IS 

the calculated value for Ga;,(Jlfl is 12'16 and for Gaf’l^, 6*08. W. Hampe found tliat 
fused gallic chloride is not such a good electrical conductor as gallous chloridi^ and no 
metal separates at the cathode “ evidently owing to its entering into combination with 
gallic chloride to form gallous chloride.” L. de Boisbaudrau found that anhydrous 
gallic chloride is very hygroscopic ; it fumes and deliquesces in air giving off hydrogen 
chloride. It dissolves in a little water with the evolution of much heat to form a 
non-crystallizable syrup; and in an excess of water, the salt is hydrolyzed, furnishing 
a white precipitate—oxychloride -which dissolves but slowly in dil. hydrochloric 
arid. A soln. of gallic chloride in dil. hydrochloric- acid gives a precipitate—oxy¬ 
chloride—when boiled, and this redissolves as the soln. cools. If a slightly acid 
soln. of gallic chloride is dried at a gentle heat, it furnishes needle-like crystals and 
leaflets which act strongly on polarized liglit. Gallic chloride volatilizes slightly 
when repeatedly evaporated with hydrochloric acid, or aqua regia. G. Wilgerodt 
found that a little gallic chloride in benzene stimulates the chlorination of the benzene 
by chlorine. 

A neutral or feebly acid soln. of gallic chloride slowly becomes turbid when allowed 
to stand for some time in the cold, and the reaction is rapid on heating. The 
jiroduct is considered by L. de Boisbaudran to be gallic oiychloride. He also found 
that a specimen of hydrated galUum chloride, prepared in 1878, and enclosed in a 
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Healed tube, remained unaltered for some time, but was found in 1881 to have changed 
to a mass of small crystals, surrounded by a liquid which had a strongly acid reaction. 
The crystals were small octahedrons with truncated angles, and without action on 
polarised light. They are only slightly soluble in water or nitric acid, but dissolve 
slowly in hydrochloric acid, and immediately in potash. Analysis leads to the 
formula eOaOCl.HHjO. 

L. do Boisbaudran and E. Jungfleisch found that bromine acts on gallium less 
vigorously than chlorine. They prepared galloui bromide, or gallium dibromide, 
GaBr^j, and gallic bromide, or gallium tribromide, GaBr^, by processes similar to 
those employed for the chlorides. The properties are analogous, but the bromide 
is less volatile. They also found that gallium must be warmed to start the reaction 
with iodine; they prepared an impmegallous iodide, or gallium diiodide, Oalj, as a 
yellowcrystalline mass which melts to a viscid red liquid, and gallic iodide, or g^um 
triiodide Oalj, in colourless, necdlp-like crystals which readily sublime. Otherwise 
the iodides resemble the chlorides. 
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.§8. Gallium Sulphides, Sulphates, and Nitrates 

When hydrogen sulphide is allowed to act on a cone. soln. of gallic chloride in 
an ammoniacal soln. of ammonium tartrate, L. de Boisbaudran obtained a precipitate 
which he considered to be gallic sulphide. Hydrogen sulphide does not render 
turbid a slightly acid soln. of gallium chloride or sulphate; and no precipitate is 
obtained even if acid ammonium acetate is jire-sent. The case is quite different if a 
little zinc or other heavy metal is present, and L. do Boisbaudran' assumed, without 
proof, that the white precipitate formed by hydrogen sulphide in a soln. of gallium 
acetate containing a little zinc is a mixture of the two sulphides. He said : 

Tlio precipitation of gallinin sulphide by hydrogen sulphide in the presence of salts of 
zinc offers a rather curious iustaitce of tho effects wfuch are produced in a very large number 
of chemical reactionn. If tho precipitated aulphidt's, obtained in soln. prepartid by the 
aucceasive addition of zinc chloride to a (Kiln, rich in gallium, be examined by the spectro¬ 
scope, it will be Been that they apjiear to remain at first almost constant, or at least to 
decrease slowly, then more and more rapidly until the ray (laa 417‘1 is no longer visible. 
Thus, the quantity of gallium precipitated by zinc sulfihide does not seem to be a function 
of the cone, of the liquid. Witliin certain limits it seems to be ulmust in proi>ortion to the 
amount of zinc sulphide formed. Is there not here an indication of a combination between 
the two substances, or perhaps more probably a surface-attraction analogous to the flxation 
of a colouring matter \i|>on a mordant ? 

A. Duprd dissolved his gallium monoxide in sulphuric acid, and obtained a soln. 
which tedneed permanganate, and which did not form an alum with ammonium 
sulphate. He therefore inferred that the soln. contained gsUoos snljlhate, GaSO,. 
li.de Boisbaudran prepared gsUic aulpbate, Ga^fSO.lj.nHjO, by dissolving the metal, 
the oxide, or the hydroxide in sulphuric acid. The slow evaporation of the aq. soln., 
or the cooling of a cone, soln., furnishes crystals in the form of leaflets having a 
])early appearance, and sometimes grouped in stars or shining masses. The salt is 
very soluble in water; it is not deliquescent. A neutral aq. sob, decomposes on 
boilmg, and if the sob. is sufficiently dilute, very little gallium remams in sob.; on 
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cooling, the precipitate redissolves. If acetic acid be present, the boiling soln. <loes 
not become turbid. Gallic aulphute is soluble in GO per cent, alcohol, but it is 
insoluble in ether. If the soln. be evajfurated and <lried until the evolution of wliite 
sulphuric acid vapour almost ceas(‘s. an acid gallic sulphiite is formed which does 
not lose its .solubility in water or dil. alc(»liol, but it requires a long lime to dissolve. 
If heated to redness, gallic oxide is formed. L. F. Nilsiui ami 0. IVttersson found 
the sp. ht. is 0 14Gl), and the mol. ht., (111)0. 

h. de Boisi>audran |)repared what he called tfallium o/am, 

(NH4)..S04.(ia.>(S()^).,.24H..<), or dodeeahvdrated ammonium galiic difiulphat«« 
Nild ia(.S() 4 )o.l 2 lf A), by crystallization from a mixed soln. of the component suits. 
It crystallizes in cul)es having odaheilral faces, and in oclahedra witli eubie faeos. 
The crystals have no action on jiolarized light, and they resemble in all respects the 
crystals of otliei alums. The soln. can be readily obtained in a su])er.satnrated state ; 
and if a .smail crystal be kept for sometime under water to dejirivi* it of t lie crystalline 
germs attacheil to its surface, and then laid in a snjiersaturated soln. of ordinary 
ammonia alum, its growth is resumed, and it determines the cry.stalhznthm of the 
liquid. iilso prepared ammonia gallium alum, as well as polanh (jalliuin 

Ilium, K._.S 04 (bu(S 04 );j.‘ 2 lH.(), or dodecahydrated potassium gallic disulphate, 
KGafSOihi I2IL(3 ; i iihuha iiulllum alum, itb^S04.(ia^(S0,);(.2411^0. or dodeca- 
liydrated rubidium gallic disulphate, lU)Ga(S()4)o.l21LO; and rasiu i/alhvm 
alum, (’s^S 04 .Ga 2 (S(> 4 );j. 2 UU 0 . or dodecahydrated Cflesium gallic disulphate, 
('s(ia(S 04 ).^.l 2 Ho(), by crystallization from a soln of the eompunent salts. ('. Soret 
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There was no optical anonialv with the pota.sli and ammonia gallic alums; th<‘ 
refractive index of ea'sia gallic alum is smaller than that of ruhidia gallic alum, a 
result also observed with tlie chromic alums. The sp. refraction of ruhidia gallic 
alum by J. H. Gladstone is 0-2318; the molecular n-fraetion is 2()1) G3; and the 
sp. ilisper.sion is 0077. L. de Boishaudran found ammonia gallic alum is soluble iit 
water atnl dil. alcohol.- According to L. M. Dennis and J. A. Bridgman, at 25", 
100 c.e. of a sat. aq. .soln. contain 30'84 grms. of ammonia gallic alum, or l Ol grms. 
of cassia gallic alum ; or one part of the ammonia or ciesia salt dissolves respectively 
in 3'24 and 60-2 parts of water. One part of the ammonia or ca‘sia salt dissolves 
respectively in 46(K) and 25,800 parts of 50 per cent, alcohol at 25", or 100 c.c. of 
the soln. contain 0-0217 and 0-00387 grm. of the respective alums. One part of 
ammonia gallic alum dissolves in 11,400 parts of 70 per cent, alcohol at 25", and one 
part of Ciesia gallic alum in 28,(XX) parts of 70 per cent, alcohol, or 100 c.c. of the soln. 
contain ()-()0875 and 0-iX)356 grm. of the re.spective alums. One part of ammonia 
or espsia gallic alum dissolves respectively in 020 or 4380 parts of a soln. containing 
30 c.c. of water. 50 c.c. of absolute alcohol, an<l 15 c.c. of cone, sulphuric a(4d at 25". 
A cone. soln. of ammonia gallic alum becomes slightly turbid on boiling, and clears 
completely on cooling. When the soln. is very dil. the boiling cau-ses the formation 
of an abundant white precipitate ; this is probably a basic salt. If filtered when 
hot, only traces of gallium remain in the liquid. The precipitate may then be washed 
over the filter, at first with boiling, then with cold water, without sensible loss of 
gallium, but if it is left in contact with the mother liquor it is completely redissolved 
VOL, V. , 2 0 
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on cooling. The dil. soln. of gallium alum does not become turbid on boiling if 
a little sulphuric acid is added. A certain quantity of acetic acid produces the same 
effect; doubtless an equilibrium is then maintained between the ammonium acetate 
and the sulphate, and the small portion of sulphuric acid set at liberty holds the 
gallium sulphate in soln. If an aq. soln. be allowed to stand for some time in an 
open vessel, a basic salt is precipitated which rapidly dissolves in hydrochloric acid, 
and slowly in sulphuric acid. 

OaKum carbonate has not been prepared. Gallic nitrate, GafNOsls, is formed by 
dissolving the metal, oxide, or hydroxide in nitric acid; A. Dupre 2 prepared it by 
heating the metal with monohydrated nitric acid to 40°-50°, The nitric acid soln., 
after being deprived of a part of its acid over the open fire, was heated in a stove to 
110°, when a commencement of decomposition was manifested. The salt, partly 
decomposed, was then taken up in water, evaporated to a syrup on the water-bath, 
and placed, whilst cooling, in a desiccator. The nitrate then forms a white compact 
ma&s, very deliquescent, and giving off an odour of nitric acid, which, as well as the. 
moisture, may be removed in a vacuum, or in a current of dry air at 40°. The 
dry nitrate, heated to 200° in a current of dry air, loses 63 8 per cent, of ite weight; 
gallic oxide remains. Oallium jihosphatr has not been studied. 
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CHAPTER XXXV 

INDIUM 

§ 1. The History and Occoirence ot Indium 

In t.lie summer of 1803, F. Iti'icli and T. Hieldi'r ■ examined two zinc blendes from 
Freiberg, These ores bad been freed from tbe greater i)art of tbeir arsmiie and 
8ul|)hur by roasting, and the residue was eva|)orated to dryness with bydroeblorie acid 
and distilled. The etude zinc chloride so obtained was examined with the 8i)ectr<i- 
scope for thallinm since that element has been previously found in similar ores from 
the Freiberg mines. Instead of the thallium lines, however, they obtained an 
indigo-blue line. After the crude product had been purified, tbe spectrum showed 
an intense indigo-blue line, and a second fainter blue line. The new metal was 
named indium from the indigo-blue lines of its speetrunr, I’. K, Browning has 
compiled a bibliography of the literature of this element. 

Indium does not occur native. According to W, Vernadsky, and W. N, Hartley 
and H, Uaniage, tbe element is widely distributed, but in very minute quantities, 
J, H, L, Vogt, an<l F, \V, Clarke and H, S, Washington estimate that the ten-mile 
crust, the hydrosphere, and the, lithosphere of the earth contain OCKKXKKXXij- per 
cent, of indium. It occurs in numerous zinc blendes. F. Reich and T. Richter 
reported 01 per cent., and T, Richter 0 025 to OO-t per cent, in the blende from 
Freiberg; .1, Kachler rejiorted it in a blende, from Schlaggenwahl (Bohemia); 
N. S. Maskelyne, in a blende from Durham ; Winkler found 0 0002 per cent, on 
christophite, a zinc blende from Breiteiibrun (Saxony); 11. B. Cornwall, F. L. Bart¬ 
lett, and W. F. Hillebrand and J. A, Scherrer, in American zinc blendes; and 
C. Rimatori, in Sardinian zinc, blendes to the extent of 0-1231 per cent. F, Reich and 
T. Richter found indium to follow the zinc in the extraction of the last-named clement 
from its ores, C. Winkler found 0-01-18 per cent.; and R. E. Meyer, 0 0112 per cent. 
G. Urbain examiner! the ultra-violet spectrum of 61 samples of zinc blende, and 
found indium to be present chiefly in those blendes containing little, or no germanium. 
A. del Campo y Cerdan found indium in ,37 of the 68 samples of zinc blende ; in 
29 cases he found gallium, indium, and germanium to be present; gallium and 
indium were present in 1 cases, and indium alone in one specimen. In no case did 
germanium and indium occur together in the absence of gallium. W. N. Hartley 
and II. Ramage have discussed the occurrence of indium in zinc blendes. R. Bdttger 
found 01 per cent, of indium in the flue-dust of the Guslar zinc works ; and A. Thiel, 
0'2 per cent, in the flue-dust of the lead works at Clausthal, B, Delachanel and 
A. Mcrmet, P. E. Browning and H. S. Uhler, and A. Strong found indium in some 
zinc residues and furnace products. For an indium-gallium alloy from zinc furnaces 
—vide gallium. J. A. Tanner found indium to be, contained in smithsonite from 
Virginia and Tennessee; A. and G. de Negri found it in calamine from Oriela 
(Bergamo); and J. B. Kirkland, in zinc ore from Peelwood (New South Wales), 
A. Thiel found indium in copper from Oker. F. Hoppe-Seyler found about 0 0228 
per cent, of indium in wolframite from Zinnwald, but E. A. Atkinson did not find it 
in other wolfram ores. W. N. Hartley and H. Ramage examined about 168 samples 
of iron-ore bauxites, etc.,.and found indium to be present in thirty—notably the 
siderites, manganese ores, and tin ores. J. N. Lockycr found timt indium lines 
are present in the solar spectrum. 
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§ 2. The Extraction ot Indium 

F. Reich and T. Richter i extracted indium from lilack lilonde from tl\o Himinel- 
fahrl mine of Freiberg, by the following process. The yi<‘ld was ()•! per cent. 

Finely [)o\vdered Blende is dissolved in nitric acid an<l the soln. treated with hydrogen 
snlpbide. In this way copper, lend, uisonic, tin, eiuhninni, and inolyhdemun are preeipi- 
iated, and then sepnrateil By filtration. The fillrato i.s afterwards treated with a large 
exooBs of aininoma hy which the greater part of tho zine is sei)a?atod in soln., and indium 
<ixide and other metals precipitated. Tho waslied precipitate is now dissolved iii acetic 
oeid, and tins soln. again treated with hyilrogen sulphides, wdieroBy iiiduiin sulplialo con. 
taniinated with some iron, /me ami manganese sulphide, is tliiow’n down. This preeipitato 
is dissolved in hydrochloiie neul with a httio mtru' acid, excess of ammonia is again aihled, 
and the jn’oeipilate rapully filtered ami washed. It is advisable to repeat Hus operation 
in order to remove tho last traces of zine ami manganese. On Uissolving this second pre* 
eipitat© in acetic oeid, and treating the soln. with liydrogen sulphide, a Imautiful yellow' 
precipitate of indium sulphido is obtained, which, however, still contains some iron. 'I'o 
separate this, tho sulphide is again dissolved in liydrnclilonc acid, the soln. oxidized with 
nitric acid, and then, by the careful addition of amnioma or soihuin carlMinate, a small 
(juautity of indium oxide and tho iron may b(< thrown down. The Hltrate from this jiro- 
cipitale on the further athhtion of ammonia yioUls jniro hydrated oxide ; or, if treated with 
Bodiuin earbonnto at a boiling heat, gives a pure imhum carbonate. 

L. de Boisbaudrau noted that when zin<‘ blende is roasted, most of tho indium 
remains iu the residue. 0. \Vi!ikb‘r roasted the blende to convert tlie indium and 
zinc into snlphates. The proiluct was extracted with water, and the soln. boiled 
with zinc. The indium, coppi'r, cadmium, lead, etc., are precipitated as metals. 
The indium is isolated as ii\ the extraction of indium from zinc. A. R. von Schrotter, 
F. Stolba, P. Weselsky, 0. Winkler, and E. .Tungtieisch have also discussed processes 
for the extraction of indium from zinc blende. 

T. Richter dissolved tho indiforous zinc in hydrochloric acid, and treated the soln. 
as in the case of zinc blende, C. Winkler employed the following process: 

Tlie zino was treated with a quantity of dil. sulphuric acid insufllcicnt to dissolve all the 
metal; after standing some weeks, a spongy mass of lead, copper, arsenic, iron, indium, 
cadmium, and zino remained. 10 kgrms. of metal gave 208 grms. of residue which contained 
4'312 grms, of indium, llie product was mixed with cone, sulphuric acid, and heated 
strongly so as to volatilize most of the acid. The resulting gre^sh-white mass was extracted 
with water. Tlie sulphates of cojiper, cadmium, zinc, iron, and indium pa^ into soln. 
The addition of ammonia precipitates indium hydroxide contaminated with hydroxides of 
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iron, zinc, and cadmium. The washed prociuitato waa diasolvMi in a little hydrochloric 
acid, the ferric iron reduced to ferrous chloride by sulphur dioxide, ami the iiulium 
hydroxide prfH'ijJitated from the soln. by Iwnuin car’honato. Winkler also HepamUnl 
the iron from the indium by treating the soln. uith an eq. ainount of sodium chloride, and 
evnporutiiiK it to dryness. 1'he product uas extracted with cold water, ami the sola, 
treated with hydrogen sulphide. To eliminate tin' iron, it is lu'ce8s^\r^■ to dissolve the 
indium sulphide m hyiirochloric acid, and n'peat the o{H>mtion n miinl>er of times. The 
•Boln. is finally treated with ammonia to pixM ipitato imlmm hydroxule. 

The separation of indium from indiferous zinc has lieen discussed l>y U. E. Meyer, 
and H. UoM.sk*r and (’. Wolf: from tlie tlue-dust of zinc furnaces, hy H. Rdtiger, 
K. Ij Bartlett, and Winkler; and from the (lue-dust of lead furnaces, iiy A. Thiel. 

J. Bayer obtained the oxide hy treating indtferous zinc with msulticient 
hydrotdiloric acid to dissolve the metal. After standing for some days, the spongy 
residue is washed, dissolveil in nitric acid, and the soln. evajiorafed with a slight 
excess of sulphuric acid. When the filtered soln. is treated with ammonm, indium 
and ferric hydroxides are precipitated. Tin- washed preeijiitate is dissolved in 
hydrochloric acid, and the nearly neutral .soln. boiled with an excess of sodium 
hydrosuljdute; a fine crystalline jiowder of basic indium sulphite is precipitated. 
The product is purified hy dissolving it in sulphurous acid, and on boiling the filtered 
soln. the basic sulphite free from iron is again preeijiitated. Tin* liasie sulphite is 
dissolved in sidplinric acid, and indium hydroxide precipitated hy the addition of 
ammonia. V. ('. Mathers dis.solveil the impure hyilroxide in hydrocldoric acid; 
mi\<‘d the soln. with ammonium chloride : and precipitated with ammonia. Three 
or four repetitions of the operation remove the zinc, an excess of potus-sium thio- 
sulpliati* was added to the hydrochloric acid .soln., ami the mixture extracted with 
ether. Ferric thiocyanate was removed. T)ie a<|. soln. wa.s treated witli ammonia 
for indium hydroxide. (’. Benz, and ]j. M. Dennis and W. (leer separat<*d imlium 
from iron ami aluminiinn cldoridi's hy treating an alcoholic soln. of the anhyilroiw 
chloride with pyridine when a colourless precipitati* of indium pvridim^ cldoride, 
In(‘l;|..‘K’ 3 U 5 N, w'iis ohtaim‘d : tin* iron and aluminium chlorides remained in soln. 
A. Thiel purified the oxide liy transforming it into the hroniide. liiBr^. and subliming 
the ]iro<luct in a .stream of carhon ilioxide the ferrous bromide remains behind. 
\. Thiel, and F. .Mathers aUo purified indium hy the fractional electrolysis of a 
soln. fei-hly acidified with nitne acid. 

F. Keich and T. Richter. R. BottgiT, and Winkler found that imlium oxide 
can he redueeil to the metal by heating if in a stream of hydrogen, or coal gas. 

Winkler olitained the metal liv heating the oxide with sodium under a layer of 
sodium ehlonde. If the metal he reduced with sodium, the alloy of sodium and 
indium is decomposed liy w-ater. and the remaining indium is fiiseil under a layer of 
flodiuin carbonate, or jiotassium cyanhie ; h<‘ did not recomimuid icducing the 
chloride with sodium, hccausi* of the violence of the reaction. If the oxiile lie 
reiluced by heating it with carhon, so high a temp, is reipiired that some metal is 
lust by volatilization. H. Rdssler and (’. Wolf )irecipitatcd indium liy placing zinc 
in a soln. of the chloride. L. Schucht obtained indium by the electrolysis of soln. 
of the suljiliate. L. M. Dennis and W. €. (leer found that indium is readily )>re- 
cipitated by the electroly.sis of a soln. of t he chloride or nitrate in jiyridine, hydroxyl- 
amine. or formic acid; if oxalic acid or oxa!ate.s are jire.sent, the }irecipitation is 
incomplete ; ami in thir presence of acetates, the deposited metal is spongy. They 
recommend the following process: Indium oxide is dissolved in the calculated 
quantity of (i/V-sulphuric acid, and mixed with 25 e.e. of formic acid of sp. gr. 1‘2, 
and 5 c.e. of aq, ammonia, sp. gr. 0-lK)8. The soln. is made uji to 200 c.c. and 
electrolyzed with a current of 0-12 amp. In the absence of formic aciil, the platinum 
cathode is attacked. A. Thiel electrolyzed a soln. feebly acidified with mtrie acid 
with a current of (y8 amp. at 3 volts to precipitate thi* copper, lead, and antimony ; 
after adding some ammonium .suljiliate, indium is deposited with a current of 5 volts. 
L. G. Kollock and E. F. Smith dcterminerl indium by deposition with a mercury 
cathode, or from warm cyanide or tartrate soln. with a rotating anode. 
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§ 3. The Physical Fropeities ol Indium 

K. Keicli and T. Richter' found indium to be a silver-white metal with a colour 
which C. Wii\kler likened to that of platinum, T. Carnelley discussed the relation 
between the colour of indium compounds and the position of the metal in the periodic 
table. A. Thiel and A. Sachs found that the electro-deposited metal furnishes 
octahedral crystals belonging to the cubic system. The crystals are isomorphous 
with gallium and aluminium, but not with zinc. According to E. C. Bain, and 
A. W. Hull, the X-radiogram of indium corresponds with that of the face-centred 
tetragonal lattice with sides 4'58 A,, and closest approach of the atoms 3'3i3 or 
3 ‘24 A. According to E. Reich and T. Richter, the specific gravity of the metal 
which has been fused i.s 7'128 at 20'4°, while the rolled metal has a sp. gr. 7'277 at 
2()’4°. A. Ditte gave 7'15, and C. Winkler 7'362 (15°) for the sp. gr. of the metal; 
(1. Winkler later gave 7'421 at 16'8°, and 7'422 for the hammered metal. A. Thiel 
found the .sp, gr. of the crystals to be 712 at 1374°. T. W. Richards and 
,1. H. Wilson gave 7'277 at 20" ; and T. W. Richards and J. Sameshima, 7'310 at 20° ; 
E. Dunath and .[. Mayrhofer discussed the at. vol. 0. Winkler said that the melted 
metal can be frozen in a thin-walled glass tube without cracking the tube or showing 
any appreciable change in volume ; he also said that the metal is much softer than 
load, very ductile, and "can be tolled to the thinnest foil. S. Rottonc represented 
the hardness by 0 0984 on his scale; for lead his value is 0 057. C. A. Edwards 
gave I'O lot Brinell's hardness; and r28 for the plasticity number when that of 
copper is 49'3. A. Thiel found that the metal is soft enough to yield under pres¬ 
sure by the fingers. W. C. Roberts-Austen found the tensile strength of indium 
with 0'29 per cent, of impurity to be 7'99 tons per sq. in.; the elongation on 
3 ins., 26’6 per cent.; and the reduction of area at the fracture, 72 per cent. 
N. S. Knrnakoff and 8. F. Schemtschuschny gave 3 06 kgrnis. per sq. mm. for the 
flowing press. T. W. Richards and J. Sameshima found the compressibility 
of indium at 25° over a range from 100 to 500 megabars, to be 0 0000027, or 
about two-thirds that of mercury. H. Fizeau found the coeff. of thermal expansion 
to be 0'0000459. According to (', Winkler, the melting point is 176°, while 
A. Thiel gave 165° ±1°—and W. R. Mott, 155 0°—W. Guertler and M. Pirani give 
this as the best representative value. According to 0. Winkler, indium is less 
volatile than zinc or cadmium, and it shows no signs of volatilization when heated 
to the softening temperature of gla.ss in a stream ol hydrogen. A. R. von Schrotter 
sublimed the metal by heating it in a stream of hydrogen ; and J. N. Lockyer, by 
heating it in vacuo. A. Ditto .said the metal boils at a red heat. W. R. Mott gave 
1450° for the boiling point. M. Wmeray, and H. F. Wiebe studiisl the relation 
between the m.p. and the thermal expansion. R. Pohl and P. Pringsheira made 
mirrors of indium by condensing the vapour on quartz plates. C. T. Heycock 
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and F. H. Neville measured the Ipwcriiig of the f.p. of sodium by indium. 
R. W. Bunsen gave 0 05695 for the specific hmt between 0° and 100°; D. I. Men- 
dcl^eff found 0 065. A. Ditto gave the value 37’502 Cals, for the beat Ol Combus¬ 
tion of one eq. of indium. 

According to F. Reich and T. Richter, the Bunsen flame is coloured bluish-red hy 
indium salts and the flame spectrum gives two lines 4511-55 and 4101-95, Fig. 1, 
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which lie close to the violet potassium line. The 4101-9,''i line, however, is ob,served 
only when a large excess of indium is present. The flame spectrum does not persist 
very long because, of rapid volatilization in the gas-flame. The spark .spectrum 
furnishes these two lines, and in addition a number of other lines,'the more important 
of which are 3256-22,3039-46,294 T39,2890-35,2710-39,2306-20,'etc. W. N. Hartley 
and H. Ramagc observed a baud spectrum in the oxy-hydrogen flame. According 
to E. Cappcl, ;n,'z;;th mgrm. of indium can be detected from the spark spectrum of a 
soln. S. Wleiigl said that ^j'jjth mgrm. is the smallest amount of indium which can 
be recognized spectroscopically. F. Hoppe-Scyler discussed the testing of minerals 
for indium by means of the spectroscope. Photographs of the spectra have been 
made by R. i'apron, \V. N. Hartley, etc. The flame spectrum has been st udled by 

L. de Boisbaudrau, W. N. Hartley and II. Ramagc; the spark spectrum, by 

A. de (Iramont, W. Schtilemann, A. Hagenbach and H. Konen, A. R. von Schriitter, 
,1. .Muller, C. W'nkler, R. Tlialen, L. de Boisbaudran, A. W. Olaydeti and (!. T. Hey- 
cock, W. N. Hartley, E. Uemarvay, F. Exner and E. Haschek, and .1. M. Eder and 
E. Valenta; th(r arc spectrum, by H. Kayser and (1. Runge, H. 8. lllder and 
J. W. Tanch, F Exner and E. Haschek; and the ultrs-violet spectrum, by F. Exner 
and E. Haschek, J, L. Schiinn, etc. The series spectra were studied by A. Fowler, 
and J. A. Carroll. The effect of temperalure has been investigated by E. Cappel; 
and the effect of pressure by .). F. Mohlcr, and W. J. Humphreys. The absorption 
spectrum of the vapour of indium has been stuilied by J. N. Loekyer and 
W. (’. Roberts-Austen, anil W. Grotrian. (1. D. l.iveing and .1. Dewar. According 
to J. Formanek, soln. ol colourless indium salts give no absoriUion spectrum; 
but if the soln., not too dil., is mixed with tincture of alkanna, the colour 
gradually becomes reddish-violet, and bands appear about 6961, .5537, and 
5168. The structure of the spectrum has been studied by H. Kayser and 
(!. Runge, W. Grotrian, P. G. Nutting, \V. M. Hicks, F. Paschen and K. Meissner, 
etc. According to the former, the two subordinate series have the pairs of 
lines 108A-1 44515-4-13908n-2-13il032n-4; lOSA'* 46728 6--139308«-2 

-1311032»-<; and 10«A-i=44535-0-126766»-2-643584«-<; 108A 1-46748-2 
—126766»*2_g435g4„-4, relations between the spectra ol alundnium, 

indium, and thallium arc illustrated by Figs. 26 and 27, 6 . 33, 4. E. Frinian 
studied the high frequency or X-my spectrum. F. C. Blake and W. Duane, and 

M. Siegbahn gave in Angstrom units, or lfl“* cm. units; for the A’-serics, 
o^a'-=0-515; Oja—O'SlO; ^j^=0-453; and ^2y=0-440; for the I,-series, 
D. Coster, E. Hjalmar, and M. Siegbahn gave 020=3 77242; aio=3-76.367, 
ojo"=3-74991; )3ij3 =3-54783; j32y=3-3.32; and yiS=3-15529. R. Pohl and 
P. Pringsheim studied the photomectric efiect of indium. F. L. Mohler and 
A. E. Ruark gave for the ionization potential, 2p2='5'76I, and 2p,=5-488; and for 
the resonance potential, 2p2—2pi=0-273; 2»2-2»=3-()09; and 2 p 2 —:i<ij,2=4-06. 

The atomic refraction of indium in combination was found by .1. H. Gladstone 
to be 13-7, and later he gave 17-4. T. Erhard found the specific resistance, K, ol 
indium wires to be 8-37 x lO"® ohms at 0’; and A. W. Smith gave : 
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or jK:^0*08yo3(l | (HX)4744^) rti<*rcury units. There is a break in the curve in 
passing from the liquid to the solid state, and the resistance of each varies linearly 
with th(! temp., and is less with the liquid than with the solid. H. Schulze, and 
T. Erhard found 4*77 for the temp, cocif., {dRj(10)ItQ, of the resistance of 
indium between —5'4‘^ and 96“^; and they gave. /^~ 8 ' 370 x lO“®(H-l^dX)47440). 
P. W. Bridgman found 4*07 x 10“ ; and A. W. Smith gave 5*24 X 10"^ for the temp. 
coofF. of the solid, and .‘i'98 x I0“=* for that of the liquid. W. Tuyn and H. K. ()nne.s 
showed that the metal bei-omes superconducting in the vicinity of 3'4()7 K. to 
3’409'' K. I*. W. Bridgman observed that with indium under different press, the 
press, coed, of tlie electrical resistance is : 
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This shows that the average press, coed, increases linearly witli temp., but the increase 
is less than one-third as much as the iiicr<*ase of resistance; the dejiarture from 
linearity increases at tlie highiT temp, mon* rapidly than the initial resistance. 

T. Erhard found that the. thermoelectric force of imlium soldiered with didorent 
metals when the temp, of the cold and hot junctions an* respectively (P and 98 0'^, is 
in the order - Al, Sn, In, Zn, Ag, An, (hi, Ec-h ; while with the cold and hot junctions 
respectively 0’ and 5'' or ]{) \ the order is — Al, Sn, An, /n,In, Ag, Cu, Fe-f. Indium 
is electronegative to zinc, and electropositive towards iron and copper; A. R. von 
Schrdtter found indium toheinon'cleetronegativetlmn zine or cadmium; and A. Thiel 
said that tin* solution pressure of indium is from 10- to 10=^ atm., being between that 
of iron and of lead. T. Erhard found that the electromotive force of tlu* cell 
In I ln(-'l_>[, M('L ] M,is 0*381 Daniell units for M- Zn ; 0*100 forM Fe; and 0*584 
for M ---Cu. A. Thiel measured tlie jiotential of indium—with a decinormul ealomel 
electrode 0*020 volt -against molar, tenth-molar, and hundredth-molar soln. of 
indium chloride, ami found it to Ik* respectively 0*094,0*108, and 0*1 19 volt at 25'^. 
The metal is negative to the .soln. According to M. Owen, indium is diamagnetic ; 
and K. Honda said that the magnetic susceptibility at W is about ~01xK)“® 
mass units. 
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4. The Chemical‘Properties of Indium 

According to .1. N. Dockyer,* when indium is liealed in vacuo, occludml hydrogen 
is evolved. No iitihuiii liiplndf has been found. ('. Winkler stated that wlien 
indiferous hy<lrocliloric or snlpliunc acid is treated with zinc, the cvoivml hydrogen 
does not hum with an indtiim-coloured fiamc, nor \shen tin' gas is obtained by the 
action of the acid on indif'-rous zim* or on nnluim K. Ifcich and T. IHchter found 
that if nnlinni o.xule is reduced liy hydrogen, the is.snii'.g gas bums with a violet-blue 
ilaine ; according to Winkler, tin* coloration pcrsi.sts if the ga*' be passed tbrongli 
dil. acids; and if the gas he confineil over water for .some hours, a grey libn is 
deposited on the walls of the vessel, and tlie gas tlieii burns without giving the 
coloration. It is jirobable that these elb ets are produeed by jiarlieles meclninically 
suspended in tin* gas. The blue colour ampiired by indium sesijuioxiile, In^O;}, 
when partially reduced in a stream of b)drogen. is aitrilmted by A. Tliiel to the 
formation of an intermediate oxnb*. InO or In/) 

According to F. Ketch and T. Kichter, indium retains its lustre in air atid even 
under boiling water. A.Tliiel found that when the metal in cimtaci with water is 
exposed to air, .some hydroxide is formed in a few hours. The m<*1ai, liowever, is 
not affected by dry air at ordinary teinj). Jndium retains its lustn* wlien heated to a 
temj). a little above the ni.p., u film of the monoxide is then formeil, and at a still 
higher temji., the sesijuioxido is formed : at a red heat, in air, or oxygen. A. JJitte 
found that indium burns with a blue Hanie, forming indium trioxide, iii/A,. Indium 
unites directly with tin* halogens when warm : and when lieated witli sulphur, the 
elements unite with incandescence. F. Keich and T. Hichti'r found that indium 
dissolves slowly in cold dil. mineral adds, l>ut more rapidly wlien healed - hydrogen 
is evolved and a salt of the metal formed. According to ('. Winkler, with eonc. 
sulphuric acid in the cohl, hydrogen is evolved and anhydrous indium sulphate 
separates out; with hot cone, sulphuric acid, sulphur dioxide is evolved; with eonc. 
hydrochloric acid, the metal rapidly dissolves with the evolution of hyilrogen. 
According to C. Winkler, the action of cold nitric acid is .slow, rajiid when heate.d, 
and uitric oxide is evolved. According to J. J. Ackworth and H. K. Armstrong, 
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ammonia is fouml among the products of reduction with nitric acid. Indium is not 
attacked liy a soln, of potassium hydroxide. According to C. Winkler, acetic acid 
does not di.s.solve indium, liut it.is dissolved by a soln. of oxalic add. 

C. T. Heycock and F. H. Neville, found that indium readily alloys with sodium; 
and W. C. Roherts-Aiisten, with gold. T. W. Richards and J. H. Wilson prepared 
indium amalgams and measured the sp. gr. at 20", and the potential of cone, cells, 
■f. H. Hildebrand studied the vap. press, of these amalgams. L. de Boisbaudran 
studied alloys of gallium and indium in the atomic proportions. In ; Ga=i2 .-1,1:1, 
1 : 2, and 1 : 4. 1*. E. Browning and H. 8. Uhler obtained an alloy of sp. gr. 5-95 
at 20"; m.p. 29-.5°; and when heated in vacuo at 1600°, the indium distils off. 
The alloy is only slightly attacked by acids, or alkali-lye. N. 8. Kurnakoff and 
N. A. I’uschin studied the alloys of lead and tin ; and A. Thiel noted that when 
indium is electrolytically dcjiosited on platinum an alloy is formed. 

Many indium .salts are readily formed by dissolving the oxide, hydroxide, or 
carbonate in acids. According to L. F. Nilson and 0. Fettersson, indium behaves 
as a hi- and ter-valent clement; some ill-defined univalent indium salts—halides, 
oxide, and sulphide--have been reported. The tervalent indium salts are alone 
stable in aq. soln., and, according to A. Thiel, the indium salts are much hydrolyzed 
in aq. soln,, but to a less extent than gallium, showing that tervalent indium forms a 
stronger base than gallium, A. Ditte said that zinc and indium are related very inti¬ 
mately—the two metals occur together, and they resemble one another very closely 
in their analytical reactions—and in emphasizing this relationship, F. Reich and 
T, Richter stated that they had failed to prepare an alum, but C. Soret, B. C. Chabrid 
and E. Rengade, and H. R68,sler showed that indium alums can be readily formed. 

Reactions ol analytical interest. —^Indium sulphate, nitrate, and chloride are 
colourless solids readily soluble in water.' According to F. Reich and T. Richter, 
and (1. Winkler, when the aep soln, ol an indium salt is treated with a soln. of potas¬ 
sium or sodium hydroxide, or ammonia, white indium hydroxide, In(OH) 3 , is 
precipitated; the presence of tartaric acid retards the preeijutation, but 
(i. Wyrouboff noted the preeijiitation by alkalies does occur even in the jnesence of 
an excess ol tartaric ami similar acids. (!. Winkler, and F. Reich and T. Richter 
found that the precipitate is peptized to a turbid liquid when treated with a soln. 
of potassium or sodium hv<lroxide, and when the alkalitie soln. is boiled, or when 
treated with ammonium chloride, indium hydroxide is precipitated. The precipitate 
is not dissolved by aq. ammonia. According to A. Thiel and H. Kdlsch, in quanti¬ 
tative work the precijiitated hydroxide is best heated in the blast gas-flame, and 
weighed as sesquioxide. According to (!. Renz, indium salts, like those of zinc, mag¬ 
nesium, and copper, are quantitatively precipitated by heating with organic bases 
like dimethylamine, guanidine, and piperidine ; and L. M. Dennis and W. C. Geer 
obtained gelatinoiis indium hydroxide by treatment with a soln. of hydroxyl- 
amine. J. F. Spencer and M. L. Wallace found that the reaction of indium salts 
with organic halides is slower than is the case with aluminium salts. According to 
G. Winkler, and F. Reich and T. Richter, white gelatinous indium carbonate 
is precipitated by a soln. ol sodium or ammonium carbonate; the precipitate 
is soluble in an excess of a soln, of ammonium carbonate, but when the 
soln. is boiled, indium carbonate is re-precipitated; it is not soluble in a soln. 
of potassium or sodium carbonate. Sodium hydrocarbonate behaves like the 
normal carbonate. When a cold soln. of an indium salt is digested with barium 
carbonate, a basic carbonate of indium is precipitated, and this enables indium 
to be separated from zinc, manganese, cobalt, nickel, and ferrous salts. According 
to C. Winkler, a soln, of sodium hydrophosphate gives a white voluminous precipitate 
which forms a turbid soln. with potassium hydroxide lye; oxalic add and the 
dkali oxalates added to a cone, neutral solu. give a crystalline precipitate; 
R. E. Meyer found sodium succinate and formate behave towards neutral indium 
salt soln. as in the case of ferric salts—precipitation begins with the formate in the 
cold. According to F. Reich and T. Richter, potassium ferrocyanide gives a white 
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precipitate, and potassium chromate a yellow precipitate; but no precipitation 
occurs with soln. of potassium {erricyaoide, thiocyanate* or dichromate. When 
a Boln. of an indium salt is mixed with sodium acetate, and boiled, basic indium 
acetate is precipitated. F. Reich and T. Richter, and 0. Winkler found that when 
a neutral soln. of an acetic acid soln. of an indium salt is treated with hydrogen 
sulphide, all the indium is precipitated as yellow sulphide, ln 2 S;|: soln. strongly 
acidified with mineral acids do not give a precipitate until they are diluted. When 
an alkaline soln. of an indium salt is treated with hydrogen sulphide, or when a 
neutral soln. is treated with amm onium sulphide, a .white preeijutate of indium 
hydrosulphide, or ammonium indium sulphide is foVmed ; yellow indium sulphide 
becomes white and partially dissolves when boiled with yellow ammonium sulphide, 
and, on cooling, the soln. deposits the white precipitate. According to K. E. Meyer, 
colourless ammonium sulphide does not dissolve the hydrosulphide; similarly, 
potassium hydrosulphide, KHS, in excess does not dissolve the precipitate, but 
pota^um mouosulphide, K. 2 S, gives a yellow precipitate with soln. of indium salts, 
and the precipitate forms a colourless soln. with an excess of tlie reagent. This soln. 
is not changed by acetic acid, but a little hydrochloric aci<i precipitates the. yellow 
sulphide, which dissolves when more acid is added; sulphur dioxide precipitates 
from the soln. white hydrosulphide mixed with some sulphur; l>oiling does not alter 
the soln.; and exposure to air results in the oxidation of the potassium mono¬ 
sulphide, and the precipitation of yellow suljihido. According to (\ Winkler, when 
sodium thiosulphata is treated with a neutral soln. of an indium salt, a precipitate of 
indium sulphite and sulphur is formed, and when boiled, a basic sulphate is formed; 
with acid soln., sodium thiosulphate forms yellow indium suliihitle, but inost of the 
indium remains in soln.: and with acetic acid soln., all the indium is jirecipitated as 
basic sulphate. 0. Hrunck found sodium hyposulphite gives no jirecipitate with acid 
soln. of Indian) salts, but when boiled with neutral soln., yellow indium sulidiide is 
precipitated. According to E. E. Meyer, hydrocyanic acid precipitates no cyanule 
from soln. of indium sulphate and the liehavionr thus differs from soln. of zinc 
and cadmium salts ; potassium ey gni dfl gives a white preeijutate. soluble in exces-s; 
by much dilution, the soln. is decomposed after some time, and indium hydroxide is 
j»reeipitated when the dil. soln. is boiled ; cone. soln. are coloured brown by fJiis 
treatment owing to the formation of decomttosition jiroduets of the cyanide. 
According to F. Eeich and T. Richter, indium is jirecipitated from its salt soln. by 
zinc or cadmium. F, (^ Mathers obtained a ipiantitAtive separation from iron 
by precijiitation of the latter with nitroso-^-naphthol. A. (3. Huysse used the 
ready formation of octahedral crystals of c<e.sium indium alum as a microcJiemical 
lest; and 1*. Kley, the formation of crystals of the double cbloriile of indiuni and 
rubidium or csesium. The analytical reactions of inilinm have beim studied by 
I. Wada and S. Ato.2 

The atomic weight Ol indium.“-ln lHfi4, J. A. H. Newland-s^ Jiredictcd that 
when the etp of indium is determined, it will be found to bear a simple relation to 
the elements of the group to which it will be assigned. F. Reich and 1. Richter 
shortly afterwards obtained the value 76 on the assumption that the metal is a 
dyad, but D. I. Mendel^eff and E. Meyer argued that the metal must be a triad, 
at. wt. 114, if it is to fit naturally in the periodic table ; and E. Moyer showed that 
if indium is a triad it likewise fits the at. vol. curve. The sp. hts. also fit Dulong 
and Petit’s rule if the element be a triad. The indium alums are isomorphous 
with the corresponding alums of aluminium, gallium, and thallium. E. Benoist 
found that the transparency of the elements to the X-rays is independent of 
its state of aggregation, or temp., and whether the element is free or combined; 
and when the eq. transparencies of the elements are plotted against the at. 
wt., a hype-rbolic curve is obtained. R. Benoist found that with an at. wt. 
about 114, the eq. transparency of indium obtained by observations on the 
fr(‘e element and on indium acetylacetonate, fitted in the curve. The spectro¬ 
scopic method of C, Runge and J. Precht for estimating at. wt. by plotting the 
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ordinates as logarithms of the at. wt., and the logarithms of distances apart of 
the pairs of series spectral lines gave W. M. Watts an at. wt. approximating 114— 
wife Figs. 26 and 27,5.33, 4. F. L. Nilson and 0. i'ettersson determined the vapour 
density of the chlorides, and obtained results in agreement with the mol. formula) 
InCI, InCI^. and Indl^. According to Avogadro’s rule, this makes the at. wt. of 
indium nearly I lb. 1’. C. Chabrie and E. Rengade found that the raising of the b.p. 
of aoln. of indium acctylacetonate, In{(CH3C0)2 : CHjj, in ethylene bromide gave a 
mol. wt. 405 when the theoretical value for tervalent indium is 410. C. T. Hcycock 
and K. H. Neville measured tlie lowering of the f.p. of sodium, tin, lead, and bismuth 
by indium ; the result with tin corresponded with a diatomic molecule, Iiij; and 
the result with sodium, with a monatomic molecule, In. It is assumed that no 
complexes are formed, h'rom the change in the electrical resistance and the thermal 
expansion, \V. Broniewsky inferred that the molecule of indium is polyatomic. 
T. W. Richards and J. H. Wilson studied the c.m.f. of cone, cells of indium amalgam, 
and inferred that the metal is dissolved mainly in the monatomic form, though 
. 11. llildehrami inferred that the solute is mainly InHg„—probably InHg 4 . 

K. Reich and T. Richter first dctermineil the at. wt. of indium by dissolving 
weighed quantities of the metal in nitric acid, precipitating the soln. with ammonia 
and igniting the washed precipitate. From the ratio 21n iIujO,., they obtained 
the value 111 - 2 ; and by dissolving indium sulphide in nitric acid, and precipitating 
the sulphate as barium suljihale, they calculated 112-0 from the ratios 
I 1 US 3 : IniO;!: .‘IBaSO^. Both results are too low. Boon afterwards, ('. Winkler 
duisolved the metal in nitrii- acid, evaporated the soln. to dryness, ignited the residue, 
and obtaineil indium trioxide ; from the ratio 2 In ; luoth,, he computed the 
at. wt. 113-1-1; R. Bunsen similarly obtained 113-8-1; and A. Thiel. 113-73-114 01. 
The last-named showed that this method is not reliable because the oxide retains 
ga.seous inclusions, and is slightly volatile. 0. Winkler precipitated gold from a 
soln. of sodium chloroaurate, by means of indium, and from the ratio In : Au, 
computed the at. wt. 114-03. A. Thiel then analyzed the indium halides; from 
the ratio Int'l^; 3Ag(’l, he computiul the at. wt. 115-01 ; and from InBr^: 3AgBr, 
the at. wt. 11-1-83 ; and from the ratios In - Infllj and In : liibi he obtained resja'c- 
tively 1 15-4 and 115-3. K. (!. Matbers obtained 111-834 from tin* ratio InCl^: 3Ag(Jl, 
and 114-803 from lnBr 3 : 3,\gBr. A. Bilecky, B. K. I’hillipa, and 0. D. ilindrichs 
discussed the at. wt. of indium. F. W. (larke computed 114-864+ tl-(KllO for the 
best representative value ; B. Brauner, II1-8; and the International Table gives 
114-8. The atomic number is 11 ). F. W. Aston obtained no isotopes, for the 
element gave only one mass-spectral line corresponding with an at. wt. 115; the 
faint evidence of an isotope was not conclusive. According to 0. Kirsch and 
11. I’ettersson, when indium chloride, is bombarded with «.-rays from radnim-c, no 
long-range particles indicating atomic disintegration are evolved; L. F. Bates 
and J. S. Rogers made observations on this sulijcct. 
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§ 5. The Oxides of Indium 

Induun (fxidizos when heated above its in.})., and (’.Winkler* alioweil tluit at 
a red heat it burns with a violet Hainc, forming hrown lluke.s which dejiosit on llie 
walls of the vessel as yellow indium triOXide, In.^O.,. or induun .sc.sf/f/f'oji'i/c ; the 
flukes are den.<er than the Inna pfiihsophra olOamed liy the cojnhu.stion of zinc. 
F. Reieh and T. Uiehter obtained tins oxide by calcining the hydroxide or the 
carbonate; (’. Winkler, by calcining the nitrate or one of th(‘ lower oxides; and 
('. ,1. Payer, by calcining the suljihite. The oxide jirejiared by calcining the nitrate 
retains .some nitric oxide very tenaciously, and J. Aleyer, and A. Thiel remov(‘d the 
gas hy treating the oxide with water and caleming it at iFiir |().50’’. 

The colour of the oxide [irepared hy F. Reich and T. Richt(T, and (’. Winkler 
was reddishdirown when hot. and a jiuler colour when cold ; A. Thii'l said the colour 
is yellow like chlorine, and a darker coloration show^s that ferric oxide is jireseiit. 
Acconlmg to C. Ren/,, the oxide occurs in two forms (i) a yellow, iion-crystalline, 
compact or powdered mass, soluble in acids; (li) yellow trigonal crystals very 
resistant towards acids. The latt<T form is jiroduced at a high tem]). Boiling 
with .sulphuric acid is a gooil means of scjiarating tin* two forms. The trigonal 
crystals are isoinorphous with those of ferric oxide. Necdlc-likc crystals w(*.re 
obtained by A. Thiel by calcining the nitrate at a high tcinj). 'riic specific gravity 
i.s 7179. ('. Reiiz said that it melts with great dilliculty, .1. Meyer said that the 
volatilization of the oxide begins at 9(K)'", and the ru|ndity of volatilization mcreases 
as the temp, rises, but after lO hrs. at only about 03l| |»er cent, was lost. 

A. Thiel said that the frt'shly }jrejjarcd oxide i.s more volatile at 10(K)'' li.'’)!)', than 
if the oxide has been previously calcincil. (.^ Renz found that lh(‘ calcined oxide 
conteins many isotrojiic crystals which were assumed tf) be those of cubic indiosoindic 
oxide, lugOi; isomorphous with ferrosofcrric oxide, FcgO^. A. A. Read observed 
nocliange when indium oxide in a lime crucible is heated by the tij» of an oxy-coal 
gas flame. A. Thiel and H. Kblsch showed that the alleged volatility of indium oxide, 
(letermined by the loss in weight on calcination, is really due to the loss of oxygen, 
viln^Os— 2 ln 304 -f 0 . 1^* F. Nilson and 0. Pettersson found the specific heat between 
0° and 100° to be 0 0807. A. Ditto gave for the heat o! lormation, {2ln, .KJ) ^^239-8 
Cals.; and for the heat ol neutxaUzation, In^Oa f3H2S04ac,.=-ln2(804)aa,,.-f3H20 
+72'78 Cals. K. Angstrom, and L. F, Nilson and 0. Pettersson said that tbc 
oxide is diamagnetic. 
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According to C. Wintler, when indinm trioxide is heated to 300° in a stream of 
hydrogen, it acquires a black colour and the action then stops. The powder gives 
up no metal to mercury. It is assumed that the trioxide is reduced to 
indium dioxide, In,/)^, or InO. C. Winkler also claimed to have produced inter¬ 
mediate oxide.s, In 709 , IiqOj, ln 70 (i, and InjOs, by heating the trioxidc in hydrogen 
to different temp. There is, however, very little to justify the inference that 
definite compounds arc in question, C. Winkler, and A. Tliiel found that when 
indium oxide is heated with snlphoi or hydrogen sulphide, indinm trisulphide, 
10283 , is formed. L. M. Dennis and W. C. Geer found that dry ammonia gas reduces 
the oxide at 200“-300° with some volatilization, as observed by A. Thiel, The latter 
found that the calcined oxide dissolves slowly in cold acids, but more rapidly when 
warmed. Hot dil, sulphuric add is a good solvent. F. Reich and T. Richter found 
that the oxide is reduced by carbon in a stream of hydrogen, but, according to 
0. Winkler, the metal beads coalesce to a button only when a flux is present. 
C. Winkler reduced the oxide by heating it with sodium or with magnesium. 

When indium salt soln. are treated with aq. ammonia or alkali-lye, F. Reich and 
T. Richter obtained gelatinous indium hydroxide, InlOHjj, R. E. Meyer found the 
precipitate to be soluble in an excess of alkali-lye, but again to separate from the soln. 
i" M n hydroxide is but slightly soluble in aq. ammonia. 

L. M. Dennis and W. C. Geer found that a similar precipitate is obtained with a soln. 
of hydroxylaminc, but not with hydroxylamine hydrochloride. 0. Renz found the 
simple aliphatic primary and secondary amines also precipitate the hydroxide. 
C.Bayer obtained a similar precipitate by boiling a soln. of indium chloride with 
potassium nitrite, R. E. Meyer used the reaction with potassium cyanide —vide 
supra—in order to prepare the hydroxide free from iron. The air-dried precipitate 
was found by C. Winkler to have the composition lOInlOHls.SHjO; and when 
dried at 100°, InlOHlj, T. C'arnclley and J. Walker found that the air-dried 
precipitate lost water at a rate nearly uniform up to 150° when its composition was 
I rwAu ’ * higher temp, increased until the composition was 

InO(OH), without giving any evidence of the formation of a stable hydrate. Soon 
after passing 250°, the rate of loss abruptly diminished, and the curve became 
nearly vertical, showing that the last traces of water are lost very slowly. Complete 
dehyMation occurred at 660°. The hydroxide was found by F. Stolba to be insoluble 
in a boiling soln. of ammonium chloride; 0. Renz noted that it behaves towards 
aimnes like ferric hydroxide. R. C. Chabrie and E. Rengade noted that when indium 
hydroxide is heated with acetyl acetone, prismatic crystals of indium acetylscetonate, 

■ I vi" formed, and A. Thiel observed that the hydroxide is 

insoluble in othylamine in the presence of chlorohydrates, and this enables it to be 
serrated from aluminium hydroxide. A. Thiel also noted the analogy in the 
behaviour of precipitated indium and aluminium hydroxides in forming colloidal 
soln. when washed free from electrolytes. The soln. in aq. ammonia and dimethyl- 
amine are colloidal. 

Indium hydroxide has basic properties, for, when treated with acids, salts are 
formM; it also possesses the properties of a weak acid, furnishing a series of 
ni6MmdatM which can be regarded as salts of monobasic metaiudic add, InO(OH), 
or HlnOj. For example, C. Renz obtained magnesium metaindate, MgflnOajj, 
by boiling an excess of magnesia with an aq. soln. of indium trichloride, decanting 
the soln., and washing the precipitate with a soln. of ammonium chloride. The 
white powder is insoluble in water, but soluble in hydrochloric acid. 
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§ 6. Indium Halidos 

A. Thiel * prejiared colourless rhombic pyramids of trihydiated indium trifluoride, 
IiiKj.SHijO, by the evaporation on a water-bath of a solo, of indium sescjuioxide in 
dil. hydrofluoric acid. These crystals are said to be almost deliydrnted by a 
prolonged heating at 100°. The crystals are .strongly doubly refracting. A litre 
of water at 25° dissolves 84 grins, of the salt. The aq. soln. dei iunposes when 
boiled, and indium hydroxide separates out: 2InK3 ( (illjO -6I1K f2In(011)3. 
The fluoride, is reduced to the metal when heated in a stream of hydrogen. 
1’. C. (JJiabrie and A, Bouchonnet prepared white needles of enneahydtated indium 
trifluoride, InFj.OH.^O, by the slow evaporation on a water-bath of a soln. of well- 
washed indium hydroxide in hydrofluoric acid. The crystals fume, when exposed 
to air; they are, sparingly soluble in cold water; insoluble in alcohol and ether ; 
and readily soluble in cold hydrochloric acid and hot nitric acid. When indium 
chloride is treated with an excess of ammonium fluoride, large, colourless, octahedral 
crystals of an ammonium fluoindato separate out. and the reaction has been 
suggested by A. C. Huysse, and 1’. Kley as a mkrnclirmkd tail for indium. 

(1. Winkler,^ and 1,. F. Nilson and 0, I’etterason jirepared indium trichloride, 
IiiCl;), by passing a current of chlorine over the heated lower chlorides ; F. Kcich 
and F. Hichtcr, by passing chlorine over the heated oxide, or better, an intimate 
mixture of the oxide and carbon. The product was purified by redistillation in a 
stream of carbon dioxide. A. Thiel prepared the trichloride by the action of moist 
hydrogen chloride on the metal between 120' and 320'. Indium trichloride forms 
white lustrous plates. A. Thiel found the sp. gr. of the solid to be 41). Indium tri¬ 
chloride docs not volat ilize appreciably below 440 ’, but readily volatilizcsatabouttiOO". 
W. Odiing noted that vaporization begins at a dark red heat. W. Ilaiiipe said that 
this chloride melts readily to a pale yellow liquid which boils at a rather higher temp. 
Vapour density determinations by H. Biltz, V. and ('. Meyer, and by 1,. F. Nilson 
and 0. Pettersson show that between 600” and 8.50", the mol. wt. agrees with the 
formula InClj, but at a higher temp., 11(X)’-12(KJ‘', the, vapour density falls from the 
theoretical value 7 58 (air unity) for InClj, to l>-23, indicating that the trichloride is 
dissociating, probably forming a lower chloride, W. Hampe saiil that the, electrical 
conductivity at the m.p. is small, but much greater at the b.p. The trichloride is 
very deliquescent, and C. Winkler found that it readily dissolves in water with a 
loud hissing noise, and the development of much heat. The aq. soln. was found by 
A. Thiel to be slightly hydrolyzed, but not much hydrogen chloride is lost when the 
aq. soln. is evaporated at 100°, but F. Reich and T. Richter obtained an insoluble 
mdiom oxychloride as a residue when the aq. soln. is evaporated at a high teniii. 
A. Thiel made the oxychloride InOCl, as a white powder, very sparingly soluble in 
water, by the action of chlorine mixed with oxygen on indium dichloride. C, Winkler 
did not confirm this observation. The aq. coin, is very difficult to crystallize, the 
■eq. conductivity of aq. soln. with three gram-eq. per litre is 10-2; with 0 003 grara-eq., 
101; and with 0 0003 gram-eq., 225. A. Thiel also gave the potential of the normal 
electrode (—0’620 volt) against N-soln. as 0094 volt; against OliV-soln., 0‘108 
volt; and against O OlN-soln., 0119 volt. C. Willgerodt found indium trichloride 
acted as a catalytic agent in chlorinating benzene. 

Ii. M. Dennis and W. C. Geer found that when indium trichloride is vaporized 
in a stream of dry ammonia, a volatile white crystalline addition product, indium 
uuminochloride, is formed; and R. R. Meyer dissolved indium sesquioxide in a 
soln, of ammonium chloride in hydrochloric acid, cone, the soln. by evaporation; 
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on cooling, small lustrous colourless crystals of, presumably, ammonium tetra- 
chloroindate, NH,InCl.,.Sll 20 , were obtaineil. The crystals were readily soluble 
in water, but wer<‘ not hygroscopic. K. ('. Wallace obtained rhombic bipyrainidal 
crystals of monohydrated ammonium pentachloroindate, (NH 4 ) 2 lnClr,.H 20 , with 
axial ratios n : h : c--O lltifiS : 1 : MiKtr), and sp, gr. 2'2H1 at 20°. R. E. Meyer 
similarly prepared deli(pie 8 Cent ms'dles of lithium hexachlotOUldate- presumably 
Lii,InCI||.»Il .,0 in a similar manner. Ry a .similar process, too, H, E. Meyer 
prepared crystals of dihydrated potassium hexachloroindate, KjInClo.llHaO, 
or better, according to R. (I. Wallace, K 2 ln('l((. 2 H 20 , in white trans])arent tetrag(mal 
hipyrainids to which A. Fock as.signs the axial ratio «: c- 1 : IfHlHT, and 
U. C. Wallace, the sp. gr. 2*48.3 at 20°; the crystals have a feebly negative double 
refraction,and are isomorphous with the corresponding (lihy<lrated hexabromoindate. 
They arj* easily soluble iu wat<'r; and they always contain an excess of potassiitm 
chloride which crystallizes along with the indium salt. I’. Kiev said that the 
crystals arc sparingly soluble in hydrochloric acid. I*. Kiev* jirepared rubidium 
hexochloroinduto, SKbtTlntT,, from a solu. of iuditini hydroxide in coin!, hydro¬ 
chloric acid, by adding rubidium chloride ; the colourless octahedra are formed so 
readily that the rea(!tion is recommended as a microcliemieal test for indium. 
R. (!. Wallace prepared rhombic bipyrumids of monohydrated rubidium penta- 
chloroindate, Rb 2 lnCb,.H 20 , have the axial ratios a : b : c=()*9725 :1 : 1*4084, 
and sp. gr. 3*089 at 20°. Isomorphous crystals of monohydrated Ceesium 
pentachloroindate, C.S 2 IUCI 5 .H 2 O, with axial ratios a : b :c 0*9841 .* 1 ; 1*4033, 
and sp. gr. 3*.3,'i0 at 20 °. These crystals are isomorphous with the corre¬ 
sponding aiumonium salt, with the eorresinmding chloro- and bromo-indates and 
thallates, and with potassium and ammonium eldoroferratea--K.,Fe(.'l 5 .H 20 and 
(NH 4 ).,Fe(;ir,.H. 20 . Cffisium hexachloroindate, 3t'sCI.In('I|, is formed in a^similar 
manner to rubirlitim hexachloroindate, and the reaction is even more sensitive. 
K. 11. Dneloux recommended this as a iinnmheiiiiail trsi for indium. 

L. de Koisbaudran. and A. Thiel prepared colourless crystals of indium dichloride, 
Int.iU, by heating the metal in a stream of dry hydrogen chloride ; the amber- 
yellow liipiid so formed solidifies to a white crystalline mass. I„ F. Nilson and 
0.1’ettersson's value for the vapour density at 9.38° corresponds w*ith the partial dis¬ 
sociation of the more complex molecule In 2 ('l 4 ?^ 21 n{'l 2 , the dissociation isconijiletc 
between 13t)t)‘ and 141X1°. According to \. Thii*!, indium di(*hloride in contact with 
water deeom|io.ses into metallic indium and the trichloride with the intermediate 
formation of indium monochloride. ],. F. Nilson and 0.1’ettersson say that indium 
reduces indium ilichloride to indium monochloride, InCl, when the mixture is 
distilled iu a stream of carbon dioxiile. The dark red solid melts to a blood-red 
liquid. The vapour density between IKXf ami 14(X)° corresponds with the simple 
formula InCl. Whiter decomposes indium monochloride into indium trichloride 
and metallie indium. (\ Winkler suggested that the dark-brown mass which is 
formed when chlorine is passed over warm indium, just before clouds of the trichloride 
appear, is possibly indium subchloride. 

The action of bromine on indium is analogous with that of chlorine, and three 
indium bromides have been reported- InBr, InBrj. ami InBrj— together with 
indium oxybromidu, stated by R. E. Moyer ^ to be formed as an amorphous non¬ 
volatile solid by the action of bromine vapour on heated indium sesquioxide. The 
oxybromidc is stated to be very resistant towards boiling acids and alkalies; but 
A. Thiel questions whether such a salt really exi.sts. A. Thiel prepared indium 
monobtomidp, InBr, by passing bromine over warm indium for a short time, and 
heating the reddish-brown product in a stream of carbon dioxide for about an hour 
in contact with an excess of the metal. The liquid solidifies to a carmine-red mass 
which easily sublimes. Hot water decomposes it, forming indium and indium 
dibromidc ; it is easily soluble in acids—particularly when these are cone, and hot. 
The vapour density of indium monobromide at 1130° is 207, that calculated for 
InBr is 195. 
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WliiU' indium monobromide is the first product of the action of bromine on 
indium, the further action of bromine on heated indium gives a dark yellow liquid— 
indinm dtbroilud6« InBc^—which on solidification furnishes a horndiko mass which is 
almost without colour. The product can be sublimed in a stream of carbon dioxide. 
Water converts indium dibromidc into a mixture of the tri- and mono-bromides; 
and, with a more prolonged contact, or when heated, into indium and indium 
tribromide. It is easily soluble in acids. While the vapour density of indium 
monobromidc at 1330® is nearly normal, that of the dibromide shows that a 
considerable fraction is dissociated into the monobromi<le and bromine. 

R. E. Meyer, and A. Thiel prepared indium tribromide, InBr;). by the action id 
bromine vapour carried by a current of carbon dioxide over heated indium. The 
})roduct after many sublimations is colourless or white, and easily vidatile. In 
general properties indium tribromide resembles the trichloride. K. Jaj^h found 
the sp. ht. of soln. of N e(j. of indium bromide j»cr litre to be ; % 

A’ . . . 1-0 2-0 30 4 0 

S|). ht. . . 0-9418 0-8022 0 8020 0-7285 0-6052 

A. Heydweiller found for soln. of N gram-eq. of indium tribromide, InBrg, witli the 
eq. wt. 118-19, thesp. gr., D_ at 18® with respect to wafer at the same temp.; the sp. 
ht., C; the electrieal conductivity, K; the eq. conductivity, X \ the refractive 
index, /x, for the three hydrogen lines; the refraction eq. by the formula 
R for sodium light; the refraction eq., R^, for long waves; 

and w tlie eq. rotatory power for sodium light with respect to water at the same 
temp. : 


N 

0 

0-1003 

0-2000 

0-4992 

1-0038 

1-9986 

3-7875 

A'i. 


0-00540 

0-00935 

0-01848 

0-02878 

0 03904 

004185 

A 


.53-85 

46-75 

37 02 

28-07 

19-83 

11 04 

D 

1 -(KMMK) 

1-00903 

1-01992 

1-04910 

1-09822 

1-19466 

1-36718 

C 

. 1-000 


— 

0-9419 

0-8924 

0-8028 

0-6786 

fU. 

. 1-33140 

— 

- 

1-33909 

1-34670 

1-36156 

1-38820 


. 1 3373!) 


- 

1-34546 

1-35339 

1-36894 

1-3D684 


, 1-340.54 



1-34890 

1-35705 

I 37304 

1-40181 

Hr, 




12-80 

12-80 

12-77 

12-73 

Hot. 




12-.30 

12-32 

12-.30 

12-27 

w 

• 




0-346 

9-2H0 

8-934 


Till* mono- and 4li-hali<lea of indium are unstable in aq. soln. and change into the 
trihahde and metal. Tliis is symbolized in terms of the ionic hyjwthesis: 
31nWIn"'-j 2ln ; and 3lu"^2In"'-f-B^- addition, the 
salts are appreciably hydrolyzed in a(j. soln. Like the 
cadmium halides, the indium trihalides form complex 
anions. The abnormally low values for the eq. conductivities 
of these salts in cone. soln. are taken as evidence of the 
formation of complex anions. F. Kohlrausch plotted what 
he called die hneare KonzenlraHon, that is, N^, as a function 
of the eq. conductivity, as indicated in Fig. 2 ; these curves 
emphasize the low values for cone. soln. of cadmium and 
lithium bromides which form complexes, when contrasted 
with the normal value for cadmium chlorate which does not 
form complex ions. 

R. C. Wallace has prepared a number of cumj)lex 
bromides. The alkali hromoindates of the series, 

M 2 lnBr 5 .H 20 , form rhombic bipyramids—for example, monohydrated ammonium 
pentabromoindate, {NH4)2.InBr5.H20, has the sp. gr. 3167 at 20® ; the rhombic 
cr}’stals of moQohydnSed rubidium pentabromoindate, Kb 2 lnHr 5 .H 2 (), have 
the axial ratios a: 6: c=0'9803 :1:1-3951, and the sp. gr, 3'409 at 20"^; and 
monohydrated csesium peniabromoindi^, Cs 2 l»Br 5 .H 20 , tlie axial ratios 
0-9734:1:1'4180, and the sp. gr. 3-776 at 20®. These salts are Uomorphous with the 
VOL. V. 2 D 
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corresponding chloroindatesl chlorotliallates, and diloroferratcs, (NH 4 ) 2 FeCl 5 .H 20 . 
There are also tetragonal crystals of dibydrated potassium bezacMoroindate, 
K 3 lnBr(|. 2 H 20 , with asp. gr. 3140 at 20°,and isomorphous with the corresponding 
chloroindates, chlorothallates, and bromothallatcs. 

Iodine unites directly with indium, and much heat is developed. B. E. Meyer, 
and A. Thiel jireparcd indium tniodido, Inis, bypassing iodine vapour, in a stream 
of carbon dioxide, over heated indium. R. E. Meyer said that indium triiodide 
forms yellow hygroscopic crystals which, at about 199°, readily melt to a reddish- 
brown liquid which cools to a yellow crystalline mass. Indium triiodide can be 
slowly distilled in a stream of carbon dioxide at a high temp., but A. Thiel said that 
the salt dissociates at the high temp, of the distillation, forming iodine and one of 
the lower indium iodides. Indium triiodide is soluble in a small proportion of 
water or alcohol, forming a yellowish-brown soln. which, on the addition of more 
water or alcohol, forms a red emulsion, or a red powder. Chloroform gives a 
colourless soln.; and xylene, a yellow soln. A. Thiel reported the probable 
formation of indium chloroiodide when indium triiodide is treated with chlorine. 

A. Thiel and H. Kolsch * measured the f.p. of fused mixtures of indium and 
iodine, and obtained the curve shown in Fig. 3, where the f.p. of mixtures with 
one gram-atom of indium arc plotted against compo¬ 
sition. There is a definite ma.ximum in the curve 
corresponding with the formation of indhim di- 
iodide, Inl 2 , melting at about 212°. The diiodide 
has not been definitely isolated since, when the 
attempt is made to prepare it by fusing together 
the elements, and distilling the product, the molten 
iodide dissociates largely into the mono- and tri¬ 
iodides : 2 Inl 2 =InI-l-lnl 3 . 

A. Thiel and H. Kolsch prepared indium mono- 
iodide. Ini, by heating iodine with an excess of 
indium. Fig. 3. .Small quantities should be used, or 
the reaction carried out in an atm. of carbon dioxide. 
The product is then distilled in an atm. of carbon dioxide at 700°; indium 
monoiodide is also formed by the repeated distillation of the triiodide in an 
atm. of hydrogen. The. browmish-red solid melts at 351°, and boils at about 700°. 
It is not decomposed by hot water, but in contact with air, oxidation takes place 
according to the equation; 2 InI-f 3 H 20 -|- 02 = 2 In( 0 H) 2 -|- 2 HI. This reaction 
is slow with cold water, and the hydroxide is obtained in colloidal soln.; with 
hot water, the hydroxide is in a more granular form easily filtered. Sulphur 
dioxide converts it into indium sulphide, 111283 ; and hydrogen sulphide into 
indium sulphide and indium triiodide. Indium monoiodide dissolves in dilute 
acids with the evolution of hydrogen; it is insoluble in alcohol, ether, and 
chloroform. 
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§ 7. Indium Sulphides 

According to C. Winkler,! sulphur and indium can be triturated together at 
200°, without combining, but union occurs with incandescence at a red heat. A. Thiel 
made indium trisnlphMe, 10283 , by heating indium with an excess of sulphur in a 
sealed tube at about 500°; and he obtained scarlet-red lustrous crystals by heating 
indium trioxide in a stream of hydrogen suljjhide. According to F. Reich and 
T. Richter, and .R. E. Meyer, indium sulphide is formed when a soln. of an indium 
saltis treated with potassium monosulphide, K^S, or a feebly acid soln. with hydrogen 
sulphide. The precipitation is prevented by mineral acids except when the aeidity 
is very shght; but with acetic acid soln. the )irecipitation is complete, and much 
sulphur is at the same time separated. C. Winkler stated that one i>art of indium 
dissolved in 30 parts of cone, hydrochloric acid, and diluted with at least 2000 parts 
of water, is completely precipitated by hydrogen sulphide. He also prepared 
lustrous yellow crystals of the sulphide by heating an intimate mixture of indium 
trioxide, sulphur, and sodium carbonate for .some time at a red heat, and extracting 
the soluble matters with hot water. 0 . Brunck boiled a p<'utrul soln. of an indium 
salt with sodium thiosulphate and obtained a |ireeipitate of imiium 8 ul]ihide, but 
in the absence of free acids, the precipitation is not eomi>li‘te. ('. Winssinger, 
and 8 . E. lander and H. I’ieton prepared a colloidal 80 I ol indium trisulphide by 
passing hydrogen sulphide into water in which indium hydroxide is susiiemied. 
The golden-yellow sol may he boiled to remove the excess ol hydrogen sulphide 
without flocculation, but the addition of an electrolyte acetic acid, ammonium 
chloride, and salts generally -coagulates the sulphide. 

Indium sulphide, appears in yellow or orange plates; in more or less impure 
brown crystalline masses; and as a yellow colloid. According to (t Winkler, and 
A. Thiel, the sulphide is not volatile at a red heat, but when roasted in air, it is 
ultimately converted into the trioxide. Indium sulphide is soluble in cone, mineral 
acids. F. Hoppe- 8 eyler u,sed the sulphide for the 8 ]>ectro.scojiic detection of indium 
in ores. When the trisulphide is heated to redness in a stream of hydrogen, A. Thiel 
and H. Kolsch found a dark yellowish-brown sublimate of indium monosulphide, 
IiijS, is produced in minute needle-like crystals. It melts when heated in the 
absence of air, forming a dark brown liquid, which in air passes into the trisulphide 
and trioxide. It is readily dissolved by acids, and A. Thiel studied the action of 
bromine water and hydrogen peroxide. A. Thiel and H. Kolsch prepared a soft 
reddish-brown mass of indium disulphidC, 111 . 28 . 2 , or InS, by heating the metal in a 
stream of hydrogen sulphide. 

According to 8 . E. Linder and H. Picton, when hydrogen sulphide is passed over 
indium hydroxide, the colour remains white for ten minutes and then gradually 
changes to a pale yellow ; it is supposed that the white, product is normal indium 
hydr^lphidp, In(H 8 ) 3 . A similar white suljihide was obtained by C. Winkler, 
by treating indium trisulphide with ammonium hydrosulphide. According to 
F. Reich and T. Richter, a white precipitate is formed when ammonium sulphide is 
added to an ammoniacal soln, of an indium salt mixed with tartaric acid, or, according 
to C. Winkler, to a neutral soln. of an indium salt. The last-named also made it by 
passing hydrogen sulphide into a soln. obtained by adding an excess of ammonium 
carbonate to an indium salt; or by cooling a boiling soln. of indium suljihide in 
ammonium polysulphide. R. B. Meyer made it by treating a soln. of an indium 
salt with potassium hydrosulphide. When washed and dried, it gives off hydrogen 
sulphide and becomes yellow. The first action of acids is to chunp it to the yellow 
sulphide, before it dissolves. It is possible that the white precipitate produced by 
the alkali sulphide is a hydrated alkali indium sulphide; and that with ammonium 
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Bulphidc, a hydrated ammonium indium sulphide. R. Schneider obtained pot&S8lum 
sulpboindate, KlnS^, or K^S-InuSa, by melting together indium trioxide, potassium 
carbonate, and sulphur in the proportions 1 : 6 : 6 , and extracting the mass with 
water. The insoluble, hyacinth-red, quadratic plates were stable in air. The salt 
is partly oxidized when heated in air; it is not reduced by hydrogen at a red heat; 
it is decomposed by acids; and it is coloured brown by a soln. of silver nitrate 
owing to the formation of sUvet solphoindate, AglnSj. By substituting sodium 
carbonate tor potassium carbonate in the process just described and extracting the 
mass with cold water, a soln. is obtained which slowly deposits dihydrated sodiwu 
sulpboindate, NaluSa.H^O, or Na 2 S.In. 2 S 3 . 2 H. 2 O. 
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§ 8. Indium Sulphates 

The soln. obtained by dissolving indium oxide, hydroxide, or carhonat<‘ in 
sulphuric acid cun he evaporaUtd to a thick syrup without crystallization. 
R. E. Meyer i found that if the acid-liquor is allowed to stand in a desiccator for a 
long time a deli(|uc8ceiit crystalline mass of hydrated indium hydtOSUlphate, 
In. 2 (S 04 ) 3 .HoS 04 .SH. 20 , or fnH(S 04 ) 2 . 4 H. 20 , is ])roduced. According to G. Winkler, 
if the acid soln. be heated so as to remove the excess of acid, a gum-like mass is 
obtained, whicli, when dried at 1U0“, has a composition corresponding with ennea- 
hydrated indium sulphate, In 2 (S 04 ) 3 . 9 H 20 ; while if the acid soln. be evaporated 
to dryness, a white powder is obtained which appears to he a basic sulpliate. Accord¬ 
ing to A. Thiel, the hydrated salt intumesces when gradually heated to 250°-300°, 
and forms a white froth. F. Reich and T. Richter, and 0. Winkler obtained small, 
white, opaque crystals of indium sulphate by concentrating an acid soln. According 
to L. F. Nilson and 0. Pettersson, the. sp. gr. is 3 438 ; and the sp. ht. O'129 between 
0“ and 100". A. Dittc gave 49'039 (Jals. as the heat of formation by the dissolution 
of a gram-eq. of indium in sulphuric acid, and for ln203-|-3Ho804,q =^In 2 (S 04 ) 3 „| 
-f-SHiO 4 72-78 Cals. 

A number of complex indium sulphates has been prepared. The ammonium, 
rubidium, and emsium indium alums have been reported ; F. Reich and T. Richter, 
11. Rosslcr, and H. E. Meyer failed to make the lithium, sodium, and potassium 
indium alums. H. Rossler prepared ammonium indium alum, or dodecahydrated 

ammonium disulpbatoindate, (NH4)2S04.In.2(S04)3.24H20, or NH 4 ln(S 04 ) 2 . 12 H 20 , 

by slow crystallization from a cone. soln. of the constituent sulphates. Rubidium 
indium alum, or dodecahydrated rubidium disulpbatoindato, RbIn(S 04 ) 2 . 12 H 20 ; 
and casium indium alum or dodecahydrated caesium disulpbstoindate, 
C 3 ln(S 04 ) 2 . 12 H 20 , were prepared by P. C. Ohabric and E. Rengade in a similar 
manner. The crystals are regular octahedrons. The crystals of the ammonium 
salt have no inclination to effloresce in air, but those of the rubidium and cassium 
salts do so. C. Soret gave 2'011 for the sp. gr. of the ammonium indium alum; 
2'066 for the rubidium salt; and 2'241 for the caesium salt. The m.p. of the 
rubidium salt is 42° (J. Locke); and that of the ammonium salt 36°, according to 
H. Rossler, and 37°-38°, according to C. Soret. H. RSssler found that the m.p. 
of the ammonium salt is also a transition temp., NH 4 ln(S 04 ) 2 . 12 H 20 
!F^NH 4 ln(S 04 ) 2 . 4 H 2 C 74 - 8 H 20 ; the resulting tetiabydratod ammonium dteulpbato- 
indato is also obtained by crystallization from a soln. oi the alum at 36°. C. Soret 
found the indices of refraction, /z, of these three alums between 17° and 21° to be; 
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0- B- i>. C- B- a-llne 

A . . 4310 4860 5170 5270 5890 6560 6860 7180 

(NH. . 1-47760 1-47234 1-47015 1-46963 1-46636 1-46352 1-46269 1-46193 

uRb. . 1-47402 1-46955 1-46761 1-46694 1-46381 1-46126 1-46024 1 45942 

(C» . . 1-47562 1-47105 1-46897 1-46842 1-46522 1-46283 1-40170 1-46091 

The solubility of indium ammonium sulphate in grams of salt per KK) grms. of water 
was given by H. Rosaler as about 200 at and about 400 at 50°; P. Chabrie 
and E. Rengade gave for the rubidium salt 44-28 at 15'^; and for the cjvsium salt, 
5 04 at 16*5°, and J. Locke gave 11'73 at 25"*. H. Rossler, and P. Chabrie and 
E. Rengade found that the aq. aoln. have an arid reaction owing to hydrolysis, and 
when heated, they become turbid owing to the separation of basic sulphates, an<l 
in the case of the ca'sium salt, indium hydroxide. H. Kdssler said that the 
ammonium salt is insoluble in alcohol. 

Salts analogous to tetrahydrated ammonium disulpliatoindate—riWc siipra— 
were prepared by H. Rdsaler when he attempted to make the sodium and potassium 
indium alum.s. The aq. soln. of H. Kdssler's tetrahydrated sodium disulph&to* 
indate, NaIn(S 04 ).>. 4 H 20 , or NaiS 04 . 102 ( 804 ) 3 . 81120 , and tetraliydrated potassium 
disulphatoindate, Kln(804)2.4H2^- 1^2804.102(804)3.81120. hei-ame turbid 

when boiled. With the potassium salt, H. Rossler obtain<‘d the basic salt : 

KIn(8O02'^In(()H)3, potassium hexahydroxydisulpbatoindate. 
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§ 9. Indium Carbonate, Nitrate, and Phosphate 

According to F. Reich and T, Richter,' white crystalline indium carbonate is 
precipitated from a soln. of an indium salt by the addition of an alkali carbonate. 
When calcined, tlie oxide is formed. Aeconling to (!. Winkler, the carbonate is 
insoluble in soln. of potassium or sodium carbonate, but soluble in one of ammonium 
carbonate ; when this soln. is boiled the carbonate is again precipitated. 

A soln. of indium nitrate is formed by the action of nitric acid on indium oxide, 
hydroxide, or carbonate; the neutral .soln. crystallizes with great difficulty, and 
when evaporated in a desiccator, it forms a syrupy liquid from which thin <leli- 
quescent plates of trihydrated indium nitrate, InfNOala.SHjO, can be obtained ; the 
acid soln. furnishes groups of acicular or columnar crystals. A mol of the salt loses 
two mols of water at ; at a higher temp., nitrii- acid is given off and a basic 
nitrate is produced; and at a still higher temp., the oxide is produced. The retention 
of occluded gases by the calcined nitrate is discussed in connection with the oxide. 
L. M. Dennis and W. C, Geer prepared white ammonium nitratoindate, by crystalli¬ 
zation from a mixed soln. of ammonium and indium nitrates. 

C. Winkler found that indium salt soln. give a white precipitate with soln. of 
sodium hydrophosphate. The soln. of indium phosplmte in potash-lye soon 
becomes turbid. 
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§ 1. The History and Occurrence ot Thallium 

At tlic bcftimiing of 1861, W. Crookes i extracted selenium from the seleniferous 
deposit of a sulphuric aci<l factory at Tilkerode in the Harz. The residue remaining 
after distillation was supposed to contain tellurium, but, when examined spectro¬ 
scopically, a bright green line was observed; this was attributed to the presence 
of a new element which was named thallium, “ from the Greek daWdj, or Latin 
lliallus, a budding twig—a word which is frequently employed to express the beauti¬ 
ful green tint of young vegetation ; and which I have chosen because the green line 
which it communicates to the spectrum recalls with peculiar vividness the fresh 
colour of vegetation in spring,” This discovery was announced in a paper on 
March ,‘!0, 1861 : On the existence of a new element, probably of the sulphur group. 
About a year later, A. Lamy observed the green spectral line from the chamber 
deposit of thi! sulphuric acid works at Loos whore Belgian pyrites were roasted. 
He established the metallic nature of thallium, and on May 16, 1862, he described 
the chemical and physical properties of le nouveau metal. He showed that thallium 
forma at least two serhis of compounds, and that one series of compounds closely 
resembles the analogous compounds of the alkali metals, and the other, those of lead. 
Soon afterwards numerous investigations were made on the properties of thallium 
and its compounds. There has been some discussion of the priority of the discovery 
of thallium. W. (Jrookes at first regarded thallium as a homologue of selenium; 
but A. Lamy recognized its metallic nature and its relations with lead, and with the 
alkali metals. A. Lamy consequently claimed, as G. I'rbain puts it, that thallium 
did not belong to tbe tellurium group : that the reactions cited by W. Crookes were 
illusory; that the green line emanated from an impurity in the materials ; and that 
ho himself, not W. Crookes, wa.s the, discoverer of thallium. The weighing of the 
evidence on both sides, shows that W. Crookes is to be regarded as the discoverer 
of this element; and that the green spectral line is a veritable characteristic of 
this element. H. L. Wells and S. L. I’enfield raised the question whether thallium 
is a mixture of the two alkali metals with at. wts. 170 and 220 which are missing 
in the periodic table ; but the results of their experiments were nugatory. No 
element other than thallium could be obtained by the fractional crystallization of the 
nitrate. V. Meyer has also discussed the elementary nature of thallium. M. Doan 
has compiled a bibliography of the literature on this element. 

Tballium does not occur free. J.S.LVo^^ 

touWeh b ODOOOOOfte per cent, of 
tballium : and N. W. Clarke and H. S. Washington, O OOOOOOOir per cent According 
to It. A. Howland, the solar spectrum shows no sign of the presence of thallium. 
Jhe clement is an essential constituent of some very scarce minerals which 
W. Vernadsky said are always of a secondary character and appear to have been 
formed by the weathering or decomposition of selenium or sulphur compounds. 
In thes e minerals, thallium seems to be isomorphically associated with the alkab' 
many aluminosilicates, sulphates, and chlorides ; and with silver or lead 
^.^d sulphides. A. E. Nordcnskjfild found the non-crystalline minecsl 
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ctookeaite from Skrikctum (Sweden) has a composition approximating (Cu, Tl, Ag)jS« 
with 16'27 to 18'55 per cent, of thallium; ,1. A. Krenncr and S. Locska, and 

V. M. Goldschmidt found lorandile, TIAsSj, from Allchar (Macedonia) had hy rtl per 
cent, of thallium. It was asawiated with realgar, and the monoclinic crystals 
had the axial ratios o:6;c=l'3291:1:10780, and ^-1)2’ 71'. K. H. Solly, 
and G. F. H. Smith found hnichinsontle in the dolomite of Lengenhach (Bin- 
nental) is a sulphoarsenide of thallium, load, silver, and copper approximating 
(Tl, Ag, Cu)2S.PbS.2As2S3, with about 20 per cent, of arsenic ; and B. Jezek, and 
F. Krchlik found that the composition of urbaite, from Allehar (Macedonia), 
approximates TlAs^SbSs, with 29-30 per cent, of thallium. It occurs in small, deep 
red, translucent, rhombic crystals with axial ratios a:b: c ' ()r)659 :1 : ()'4836. 

W. N. Hartley and H. Ramage found spectroscopic indications of thallium in 
many rocks, andit occurs in a number of minerals as a secondary constituent. Thus, 

W. Crookes found it in many cupriferous pyrites; W. Vernadsky, in i)yrites and 
marcasite; A, Lainy, in pyrites from Theux, Namur, I’hillipevilic, Alais, Nantes, 
Spain, and Bolivia; E, Oarstanjen, in pyrites from Meggen; J. W, Gunning, in )iyritea 
from Ruhrort; J. Antipoff, in |>yrites from Poland to the extent of l)'3 to 0-5 iior 
cent, thallium ; 1^. Marejuardt, in ))yritcs from Allenhudcn ; and ij. .1. Igelstriim, 
in the hematite (iron glance) of Sjogrubc (Orebro). A. R. von Schrotter found up 
toO'OOT) percent, of thallium in the lepidolite of Miihren, and in thi^ mica of Zinnwald. 
C. F. Schbnbein also found thallium in lepidolite ; W. Vernadskv, also, in Icjiidolite 
from Lipowka, in mu.scovite from Mursinka, zinnwaldite (lithia-mica) from Zinnwahl, 
and Onon ; and orthoclasc from Mursinka. F. I, Bartlett found thallium in tlu^ 
zinc blende of Leadville, and F. von Kobcll in the zinc blende of Geroldaeck 
(Breisgau); F. Exncr and E. Haschek, in Cornish jiitchblendc ; E. Liimcmann, in 
the orthite of Arendal; A. de Gramont, in bcrzclinite, (,iu 2 Sc, and in frcnzelitc, 
H'zSes; F. BischofI found one per cent, of thallium, and T. L. Phipson, O Ol )ier 
cent, of thallous oxide in samples of pyrolusite; W. Vernadsky, in manganite; 
W. T. Rdppler, in pyritiferous anthracite ; 0. Vogel, in pitchblende from .lohann- 
georgenstadt; W. Vernadsky, in some uranium and jilatinnra ores. L. Palinieri 
found thallium and lithium in the sublimation products of a crater of Vesuvius, 
and A. Cossa found thallium in the breccia of the lava in the island of Valkano. 
,1. Schramm reported thallium and rubidium, but no emsium in the carnallite of 
Kalusz (Galica), thallium only in the sylvine, and none of these throe elements in 
the kainitc. F. Hammersbachcr found thallium in the carnallite of Stassfurt, but 
more in the sylvine, A. Cossa found traces of thallium in the jiotasb alum of the 
Island of Volkano. R. Bottger found thallium, rubidium, and ctesium in the mineral 
waters of Nauheim, Orb, and DUrrenberg; E, Ludwig and J. Mauthner found 
thallium in the waters of Carlsbad ; and G. .1, Mulder, in those of Java. 

Thallium also occurs in products derived from thalliferous ores. For instance, 
W. Crookes found it in the lead chamber deposits of Tilkerodc ; A. Lamy, in those 
of Loos; and R. Bottger, in those of Oker, where it is derived from the roastings of 
the pyrites. F. Wohler found thallium in the due-dust of furnaces roasting 
thalliferous pyrites at Theux (0'5-0'75 per cent, thallium), and at Ringenkuhl; 
E. Oarstanjen, at Meggen (3-5 per cent, thallium); J. W. Gunning, at Ruhrort 
(1 per cent, thallous chloride); D. Playfair, and others have made similar obser¬ 
vations. W. Crookes found 0 29 per cent, of thallium in the raw sulphur obtained 
from Spanish pyrites, and in the sulphur of Lipari; R. Bottger found thallium in 
sulphuric acid, and W. Crookes in the hydrochloric acid derived from thalliferous 
sulphuric acid. R. Bunsen obtained 0-06 per cent, of thallous chloride from the 
zinc sulphate lye of Goslar which was obtained from Rammelsberg ore. A. Streng 
found thallium in zinc and cadmium obtained from thalliferous zinc ores—B. Kos- 
mann found 1’4 pet cent, of thallium in a sample of zinc. H. N. Warren reported 
thallium in platinum; W. B. Herapath, and W. P. Jorissen and J. A. Vollgraff, 
in bismuth; G. Werther, in tellurium; W. Crookes, in cadmium sulphide; and 
0. Zimmermann, in uranyl hydroxide. 
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R. Bottger found thallium widely diffused in the vegetable kingdom, for he found 
it in wine, chicory, tobacco, beet root, beech wood, etc. 

A. Holmes and R. W. Lawson have discussed th.' possibility of thallium or 
isotopes of thallium being end-products of the radioactive decay of actinium and 
of thorium. 
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§ 2. The Esdraction o! TluiUium 

The thallium minerals are so very scarce that they are not used as sources of 
the metal. W. Crookes' described processes for the extraction of thallium from 
some Belgian and Spanish pyrites, but the methods are not employed because it 
is so much easier to extract thallium from the mud of the lead chambers, and the 
flue-dust of sulphuric acid works burning thalliferous pyrites. The flue-dust is a 
kind of concentrate of the thallium in the pyrites. G. Sisson and J. E. Edmond¬ 
son found the dust collected between the pyrites kiln and the Glover’s Tower 
of a sulphuric acid works contained 0'25 per cent, of thallium, representing one 
part of thallium per million parts of pyrites burnt. The metal is also extracted 
from the mother liquors after the separation of zinc sulphate. The general methods 
are based on the sparing solubility of thallous chloride or iodide; on the ready 
formatiou of a thallium alum which can be easily purified; on the formation of 
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a sulphide sparingly soluble in alkaline soln., and on the non-precipitabilily of 
thallous salts by sodium carbonate. 

A. Lamy obtained thallium from the mud of the lead chamber of a sulphuric 
acid works by first neutralizing the mass with lead oxide or lime ; extracting the 
product 3-5 times with hot water; concentrating the soln. to about one-tenth 
its volume; precipitating thallous chloride by adding hydrochloric acid ; washing 
with dil. hydrochloric acid; and decomposing the product with hot sulphuric acid. 
The thallous hydrosulphate was dissolved in water, and freed from lead, silver, 
and mercury by hydrogen sulphide. The filtrate was eonc. by evai>oration. ami 
the thallium precipitated by adding zinc, or by clectrolysiH. 

R. Bbttger boiled the mud with 4-fi times its weight of water; made tlie soln. 
alkaline with sodium carbonate; and boiled thi* li<^uid. The soln. was filtered from 
the black precipitate, mixed with potassium cyanide, boiled, filtercii, and treated 
with hydrogen sulphide. The thallous sulphide so obtained was boiled several 
times with a cone. soln. of oxalic acid ; the filtrate was neutraliz(‘(i with sodium 
carbonate and the treatment with potassium cyanide and hydrogen sulphide 
repeated. The thallous sulphide was dissolved in nitric acid of sj). gr. 1‘2, 
evaporated with cone, sulphuric acid, and a cold soln. of the resulting Hulplmte was 
treated with zinc to precipitate the thallium. 

\V. Crookes obtained thallium from tluo-dust by a process somewhat analogous 
to that employed by A. Lamy for chamber-mud. The dust is l)olled witli dil. 
sulphuric acid, and the thallium precipitated from the filtered and cone. soln. by 
the addition of zinc. R. Bdttger mixed tlie neutralizetl .soln. of tlu* Hue-dust wit h 
sodium thiosulphate; passed in hydrogen sulphide to preci])itate the thallous 
sulphide; and treated the product with nitric acid, etc., as indicated abov(‘. 

F. Wohler precipitated thallous chloride from the .sulphuric acid soln., by adding 
a soluble chloride. The thallous chloride w'as converted into sulphate and the soln. 
electrolyzed. F. Wohler fused the electrodeposited metal with potassium cyanide 
out of contact with air. E. ('arstanjen used a similar process, but preci])itat(‘d the 
thallium with zinc. R. Nietzki, and M. Scliaffner precipitated thallous iodide from 
the a(|. extract from the flue-dust; converted the iodide t{) sulphide by sodium 
8ul|)hi(l(?; and the .sulphide to sulphate by sulphuric acid. Tlie thallium was 
precipitated by zinc or l)y electrolysis, and the metal lused in a stream of hydrogen 
or in contact with oxalic acid. 

J. W. Gunning, J. Krause, F. 8tolba, and F. Forster have also described pro- 
ces.8es for extracting thallium from the flue-dust ; and A. R. von Schrotter, a 
process for the extraction of thallium from lepidolite and mica. 11. Bunsen treated 
with zinc the mother liquor from the zinc sulphate crystallization vats. The 
dejiosit was extracted with dil. sulphuric acid to dissolve the cadmium and 
thallium; and the thallous iodide precipitated from the soln. by the addition 
of potassium iodide. 

W. Crookes, and A. Lamy found thallium oxide is reduced by hydrogen with 
difficulty; A. Lamy obtained thallium by treating the carbonate with carbon ; by 
fusing the chloride with zinc ; or by heating the chloride with potassium or stMlimn ; 

G. Werther reduced the iodide by fusion with potassium cyanide ; and J. K. Willin 
obtained thallium by heating the oxalate. 

W. Crookes purified thallium or thallous chloride by converting it into sulphate. 
The slightly acid soln. was treated with hydrogen sulphide to remove traces of 
mercury, silver, arsenic, antimony, and bismuth ; the filtered soln. was treated with 
aq. ammonia to remove traces of iron and aluminium. The filtrate was cone, by 
evaporation until crystals of thallous sulphate separated out. Thallium is best 
obtained from the soln. of thallous sulphate by electrolysis. The electrodeposition 
of thallium has been discussed by L. Schucht, G. Neumann, W. J. Mtiller, F. Forster, 
M. Bose, M. E. Heiberg, G. W. Morden, etc. A. 8. Cushman, and F. Ephraim and 
P. Barteezko used a somewhat analogous process. T. W. Richards and C. P. Smyth 
thus describe the preparation of purified thallium: 
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Nuggetfl o{ crude metal, containing {)erhap8 7 {>er cent, of lead and small amounts of 
other impurities, were dissolved in dil. pure sulphuric acid. ISfost of the lead remained 
undissolved, partly as u niotHUic powder and partly as precipitated sulphate. The cooled 
and somewhat dil. -soln. was filtered ; to it was added dil. redistilled hydrochloric acid drop 
by drop, witli conslant stirring. Very little, if any, lead was found in the precipitated 
thrtllous chloride, wlii<*h wn.-* washeil several times by decantation. Pure cone, redistilled 
sulphuric acid converted the solid thullous chloride into sulphate. This thallium sulphate, 
whi<-h on dilution gave no precipitate of leml sulphate, v'as crystallized by cooling to 0". 
The long needles of the salt wore thoroughly dried, recrystallized at least twice (sometimes 
thrice) in a silica dish, by cooling with ice a soln. almost saturated at the b.p. Tlie solubility 
curve is steep and the process efficient. From this sulphate, which must have been amply 
pure enough for our purpose, metallic thallium was prepared by the electrolysis of the sat. 
soln. of the siilphato in water; the electrodes wore short platinum wires exposing not more 
than 1 cm. of their length to the soln. The anode was placed on the bottom of the beaker 
containing the soln. (being protected above by a long glass tube into whicli it was sealed), 
while tho cathode merely dipped benoalh the surface. Tlio heavy red-brown deposit of 
j>oroxide at the aiiodo remained at the bottom of tho boukor and therefore did not con¬ 
taminate tho crystalline spongy mtiHs of thnlliutn ilepositcd on tho cathode above. A current 
of about I amp, was used and tho thallium was removed at frequont intorvaLs from the 
catliodo by means of a small glas.^ fork, and it was rinsed thoroughly with imro water, pressed 
together, and kept under pure boiled water until fustid. 

G. Brcdi(( and E. Haber prepared colloidal thalliuin by the electrolysis of a 
soln. of potasli-lyc (1 : 20) with a thallium cathode, T. Svedherg obtained organo¬ 
sols in ether by his electrical disintegration process. S, Bodforss and 1’. Frolieh 
found T. Svedberg’s method gave good results for colloidal thallium. 
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102. 05, 129, 1807 ; A. Lnmy, Ann. Chim. Phys., (3), 67. 385,1803 ; (4), 3. 373, 1804 ; J, E. WUlm, 
it., (4), 5. 5, 1805; Pechsrehes sur k thallium, Paris, 1806; .1. Nieklbs, Compt. Pend., 58. 637, 
1864; Journ. Pharrn. Chim., (4), 4. 127, 1800; (1. W. Morden, Jonrn. .-Iwicr, Chem. Hoc., 31. 
1045, 1909 ; T. VV. Kicliarda and C. P. Smyth, it., 44. 524,1922; G. Sisson and J. E. Edmondson, 
Joum. Soc. Chem. Ind.. 38. 70, T, 1919. 

• 0. Bredig and F. Haber, Bn., 31. 2745, 1898; T. Svedberg, it., 39. 1711, 1900; S. Bodforss 
and P. Frolieh, A'od. Btihejlt, 16. .301, 1922. 


§ 3. The Physical Properties o! Thalliom 

According to W. Crookes,' the colour of thallium is white with a bluish-grey 
tin^e, somewhat paler than lead. A freshly-cut surface has a bright metallic lustre 
which soon dulls on exposure, to air. The crystal constants of thallium have 
not been determined. K. Becker and F. Ebert found that the X-radiogram corre¬ 
sponds with a face-centred tetragonal lattice, with a=4'75 A., and c=5'40 A. 
S. Nishikawa and Q. Asahara studied the effect of annealing and rolling on the 
X-radiogram and showed that there is an abrupt change in the pattern at about 
227°. W. L. Bragg estimates the atomic radios to be 2-26 A., and M. N. Saha 
estimated 0 99 A. Thallium precipitated by zinc or by electrolysis appears in needles 
or plates; a bar of tho metal is crystalline and when bent emits a sound like the. 
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“ cry of tin.’* According to A. Lamy, the 8p6Ctflc gravity of thallium is 11*862 ; 
G. Werther gave 11 *777- U *900; I., de !a Kive gave 11*808 for wire at 11", and 11 -m 
at ir'for the cast metal; W. ( Vookcs gave 11*91 for wire, 11*88 for the pressed metal, 
and 11*81 for the cast metal. T. W. Kicharda uikI -1. U. Wilson gaVe 11*85 for the 
sp. gr. of thallium at 20''. D. Omodei gave U'r>09 for the sp. gr. of thallium at the 
m.p.; and H. Endo, 11*7270. The latter found tiudhum gives a 3*23 per cent, 
expansion during solidification; D, Omodei gave 4*3 per cent.; and M. Topler, 
3*1 per cent. W. Crookes, and A. Lamy found that the metal is soft enough to be 
scratched by the finger-nail, and to be cut with a knife; it is scratched by lead. 
According to J. R. Rydberg, the hardness of thallium is 1*2 when that of lead is 1*5. 
C. A. Edwards gave 6*05 for the hardness of thallium when that of tin is 15*0, and 
copper, 53. P. Nicolardof showed that thallium is hardened by hammering. 
C. A. Edwards and M. A. Herbert gave 3*2 f<»r tin' plasticity mnnln'r when that of 
copper is 49*3. J. JL Hildebrand and co-workers computed the internal pressure. 
The malleahiU^ of thallium is high, and the tenacity low. A. Lamy found it could 
be rolled into platesO Ol:) mm. thick. According to W. 0. Roberts-Austen, tlmllimn 
with 0*193 percent, of impurity basa tensile strength of 0*21 ton.s )K'r sq. in., and an 
elongation of 8*6 per cent, on 3 in.s. H. von Wartenberg found that thallium can 
flissolve some oxygen, presumably as tballous oxi<le, and retain its ductility. 
Thallium with 0*5 per cent, of oxygen can be drawn like thallium alone into short 
wires, but if 1*3 j>ercent. of oxygen is pr(*sent, it loses this property. T. W. Richards 
and co-workors bunul tl»e compressibility of thallium, i.c. the average fractional 
change of volume betwc<‘n 10() and 5tK)inegabars press., to be 2*3x lO"® jxt megabar, 
at 20'"; P. W. Bridgman gave 3*4 X lO' ® at 30“, and 3‘(i7xlO"® at 75°, and be 
found that if j’ denotes the vol. at aixl atm. press., and 8c, the cliange in vol. 
by the application of a }irc.s.s. p kgrms. per S(j. cm., then ; 

p . . . 3000 (XIOO OOOO 12,000 

8v/vxOPat30° . -U-OOD’S -0-01872 -0*<l27<M> -00:t005 

Si'/t’A 10» at 7r>° . ^-O-OIOII -0-0J1I08 -002724 0*03504 

and —(da/cw/p)-1*53x10“® for extruded thallimn. where a denotes the co< f[. of 
linear expansion. N. Wt;rigin, J. Li'wkojcil, and G. Tammanu measured the 
velocity of How of solid thallium at difTcrent tem}>. under high press., and found 
evidence of a transformation at about 187°. N. S. KurnakotT and S. F. Schem- 
schuschny found the ftowing ])res.s. to be 5*8 kgrms. p<‘r sq. mm. 

M. Levin found that thallium exists in two allotropic forms which are enantio- 
tropic a-Tl^j8-Tl with the transition temperature at 220°; according to 
R. S. Williams, the teinj). is not affected by the presence of antimony. 0.1. Petrenko 
gave 227° for the transition temp.; M. Chikashigc^ 231*8' ; N. S. Kurnakolf and 
N. A. Puschin, 227°; K. Lewkonja. 230*5°; L. Densky, 224°; G. Voss, 238°; 
M. Werner, 220°; T. W. Richards and C. P. 8myth, 235*3'^; N. S. Kurnakoff, 
8. F. Schemtschuschny, and V. Tararin, 229°; IV Pavlovitch, 234°; G. 1). Roos, 
233°; P. Fuchs, 231°“233°; and S. Nishikawa and G. Asahara, 227°. M. Werner 
studied the effect of press, up to 3000 kgrms. per sq. cm. on the transition temp., 
and found the slope at the transition temp, is only —2° per 1000 kgrms.; so that the 
transition temp, falls from 226° for p—I kgrm. per sq. cm., to 220° for p--3000 
kgrms. per sq. cm. As the temp, passes through 226°, the volume contracts 
0*000044 c.c. per gram, and dTjdp is 0*002° per kgrm. P. W. Bridgman sought 
for a third modification, but none appeared up to 12,000 kgrms. per sq. cm. at 200°. 

According to H. Fizeau, the coeff. of expamtion is 0*00003021 at 40°, 
and 0*0000325 at 60°; and the coeff. of cuMcal expaosion of the liquid between 
302° and 351° is 0*000150, according to B. Omodei, and 0 000128, according G. Pacher, 
A gram of thallium expands on melting 0 0027 c.c. or 31 per cent., according to 
M. Topler, or 3*22 per cent., according to G, Pacher. A. Lamy gave 0*0325 for 
the specific heat; and H. V. Regnault gave 0*0335. H. C. Schmitz found the 
ap. ht. between —192° and 20° to be 0*0300, and 0 0326 between 20° and 100°; 
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while P. Nordraeyer and A, L. Bernoulli obtained 0 0379 between —185° and 20°. 
H. Burger found 

—81)” 50” - 20" 0” 50” lOO” 150" 180” 

Sp. ht. . . U-(I288 0 0288 0'028« 0 0201 0-0290 0 0300 0 0316 0’0324 

ht. . . 0'87.') 5-876 .O-OSO 5'039 0-058 0-226 0-440 6-009 

The 8p. ht. dQjdT at d“i8 represented by 0-028757-|-0-07.5,505(d+80)2 ; and between 
-80° and d°, and e=0-028757(fl+8O)+0-07l835(d+80)3. T. W. Richards and 
F. (t. .lackson gave 0 0296 for the mean sp, ht. between —192° and 20°; and 
W. Nernst and F. Sehwers, gave 0-0277 at —177-3°, and 0-0143 at —250-1°. 
(}. N. Le,wi8 and co-workers, and E. D. Eastman gave 14-6 cals, per degree for the 
entropy of thallium at 25° and atm. press. According to H. C. Schmitz, the. at. 
ht. at —8.5° is 6-12, and at 60°, 6-65. E. van Auhel discussed the theoretical 
value of the at. ht. A. Lamy said thallium has a low thermal conductivity, 
while W. Crookes regarded it a.s a good conductor. W. B. Brown found a drop of 
aliout one-tenth in the thermal conductivity of thallium at about 120°, which is 
suppo.sed to represent a polymorphic change, 

A. Lamy gave 290° for the melting point of thallium; W. Crookes, 285°; 
1). Omodei, 204 05; C. T. Heycock and F. H. Neville, .303-7°; N. S. Kurnakoff 
and N. A. f’uschin, 301 -2° .301 -7°; R. S. Williams, P. Pavlovitch, and M. Chikashige, 
301°; A. von Vege.8ack, ,302°; K, Lewkonja, 299-4°; N. S, Kurnakoff, S, F, Schemt- 
schuschny, and V. Tararin, .301-2"; P. Fuchs, 301-7°; T. W. Richards and 
C, P. Smyth, 303-5°; H. Endo, and W. R, Mott, .303-7?; C. D. Roos, .302°; F. Doe- 
rinckel, 311°; G. 1. Petrenko, 303°-304°; and G. K. Burgess gave 302°± 1° for the 
best representative value ; and W. Gucrtler and M. Pirani, 301°. C. T. Heycock and 
F. H. Neville gave 301°-,302° for the f.)). of thallium, and they also gave 5-12 cals, 
per gram for the latent heat of fusion, while F. W. Robertson gave 7 2 cals.; 
T. W. Richards and C, P. Smyth, 8-3 cals.; G. N. Lewis and M. Randall, 7-1 cals.; 
and G. D. Roos, 7-.38 cals, per gram, (t T. Heycock and F. H. Neville measured 
the lowering of the f.p. of sodium, cadmium, tin, lead, and bismuth by thallium. 
According to W. Crookes, thallium volatilizes at a red heat, boils at a white heat, 
and it can be distilled in a stream of hydrogen, G. W. A. Kahlbaum, K. Roth, 
and P. Siedlcr distilled thallium in vacuo. F. Kralft and A. Knocks found that 
thallium begins to volatilize at 174° in vacuo, and the boiling point is 818° under 
the press, of its own vapour 1.50 mm., or at 1462° at 760 mm. press. H. Biltz and 
V. Meyer gave 16.50° nearly; E, Isaac and G. Tammann gave 1515° for the. b.p. 
under normal press,; W. R. Mott, 1280°; G. E. Gibson, 1660°; and H. von Warten- 
berg gave for the vapour pressure 0-056 mm. at 634° ; 1-329 mm. at 783°; 
24-31 mm. at 970°; and 760 mm. at 130f)°; and for the latent heat Of vaporization, 
28 Cals,; 6. E. Gibson gave 38 Cals. The vapour density— air unity— at 1636° 
was found by H. Biltz and V. Meyer to be 16115 ; and 14-248 at 1728°; H. Biltz 
gave 14-77 at 1649°, The calculated values for a monatomic mol., Tl, is 14167 ; 
H, von Wartenberg obtained a vap. density 220—H unity—between 1320° and 
1690°. 

The atomic retraction or eq. refraction of thallium, according to J. H. Gladstone,^ 
is 21'6 with the tf„-line; and, according to W. .1. Pope, 2214 with the D-ray. 
0. A. Valson has made some observations on this subject, J. C. McLennan gave 
for the inde.'c of refraction, p, of thallium vapour at 540°, for light of wave-length A, 

A . 4368-66 4801-49 6400-97 6769-46 6790-49 6893 6234-31 666304 

g . 1-000229 1-000110 1-000293 1-000222 1-000144 1-000166 1-000309 1-000142 

He also obtained an anomalous dispersion for wave-lengths 5350-65 A., and 6000 A. 
H. R, von Traubenberg found 23-3 xKT* cm. for the range of the a-rays from 
radium-C in thallium. J, Stark and G. von Wendt studied the Stark effect with 
canal rays. 

The discovery of thallium by W. Crookes was due to its producing a character¬ 
istic green spectral line, and this was confirmed by the observations of A. Lamy. 
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Thallium and its compounds colour the non-lumiuous gas-flame an iutoase green, 
but, as R. Bunsen showed, the coloration does not persist very long on account ot 
the,volatility of the thallium salts. The intense green thallium line has the wave 
length A=5350'7. Its position is very near the barium band A-^B347 0, the Ba. 
of R. Bunsen and G. Kirchhoff: but the two are not liable to be confused because 
the barium band is broader and less intense than the thallium line. According 
to A. Perot and C. Fabry, the green thallium line is really a triplet. J. Nickibs said 
that the presence of sodium chloride prevents the appearance of the green ray, 
but W. Crookes showed that this is wrong. C. Fredenhagen found that the chlorine 
flame is not coloured by thallium. F. Kurlbaum and 0. Schulze said that the temp, 
of an alcohol flame coloured by thallous chloride is 1476°, and if coloured by sodium 
chloride, 1409°. A. Laray said 0'000002 mgrm. of thallium can be detected from 
its flame spectrum. W. Schuler, and A. dc Gramont also studied the sensitiveness 
of the spectral lines. The most intense lines in the arc spectrum are 2709'33,2767'96, 
2918-42, 2921-66, 3229-89, 3519-37 , 3529-53, 3775-89, 5350-70; and in the spark 
spectrum, 3519-37, 3529-53, 3776-89, and 5350-70. 

The flame spectrum has been studied by J. Muller, F. Bernard, E. Kettelcr, 
J. Pliicker and W. Hittorf, E. Mascart, R. Ruhimann, A. Cornu, L. dc Boisbaudran, 
A, Oouy, J, N. Lockyer, G. D. Liveing and J. Dewar, 

A. A. Miehelsou, D. Cochain, J. M. Eder and I ) 

E. Valeuta, A. Hagenbaeh and H. Koneii, I J 

H. Auerbach, C, Fritsch, etc. J. Papish said ' 

that thallium chloride dissociates in Bunsen’s j,'jq l._Flamo Spoelruiu of 

flame and the free metal colours the flann- and Thallium. 


may be deposited on a cold surface as a brown 

mirror; with the hydrogen flame in air, metallic thallium also di'iiosits from the 
innermost i-ore, but the luminescence of the outer core is probably due to an oxide. 
The spark spectrum has been investigated by W. Huggins, R. Thalen, L. de Bois¬ 
baudran, R. Capron, W. N. Hartley and co-workers, E. Demar^ay, A. Hagenbaeh 
and H. Konen, F. Exner and E. Haschek, J. M. Eder and E, Valenta, J. H. Pollok, 
etc,; the arc spectrum, by J. Tyndall, K. Capron, H. Kayser and C. Runge, 
H. A. Rowland, A. Hagenbaeh and H. Konen, F. Exner and E. Haschek, J. M. Eder 
and E. Valenta, C, E. Gissing, and W. Hoppers, B. E. Moore, etc.; the ultra-violet 
spectrum, by W. A. Miller, E. Mascart, G. D. Liveing and J. Dewar, A. Cornu, L. and 
E. Bloch. F. Exner and E. Haschek, E. Neculeea, R. W. Wood and D, V. Guthrie, 
etc.; the ultra-red spectrum, by H. Beecjuerel, E. P. Lewis, F. Paschen, etc,; the 
band spectrum, by J. PlUcker and W, Hittorf, H. Konen, W. N. Hartley, etc.; and 
the cathode ray spectrum, by E. P. Lewis, The high frequency or X-ray spectrum 
has been studied by M. Siegbahn and E. Friman, D. Coster, E. Hjalniar, etc. The 
absorption spectrum of the vapour has been examined by J. N. Lockyer and 
W. C. Roberts-Austen, W. Grotrian, ,1. C. McLennan and co-workers, J. A. Carroll, 
etc. Thallium salts give no absorption spectrum. According to J. Formauek, if 
tincture of alkanna be mixed with an aq. soln. of thallium nitrate, the liquid is not 
changed, but if a few drops of ammonia are added, the liquid becomes blue, and it 
shows two absorption bands—one at A=6288, and the other at A-^577tl. The 
nature of the spectral lines, and the series Spectra of thallium have been discussed 
by C. Ciaraician, G. D. Liveing and J. Dewar, W. Grotrian, A. Fowler, J. A. Carroll, 
A. Cornu, W. N. Hartley, H. Wilde, J. Barnes, L. Janicki, P. G. Nutting, etc. 
H. Kayser and C. Runge found two subordinate series of lines: 


Tatar 8keiss. Hxcond Saaiss. 

1i)*A-‘=41642-7-1322»3b-> 12»5223n-* 10'A-‘=41606-4-1226l7n-’- 7m83B-‘ 

10'A-‘=49337-(l-132293B-‘-12«6223n-‘ 10*A-'=4930|-3 - 122»l7n-‘-790683n-* 


The relationship between the spectra of aluminium, gallium, indium, and thallium 
has been discussed in connection with the first-named element. 

F. L. Mohler, and W. J. Humphreys studied the effect of prmure on the thallium 
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lines; R. W. Wood and D, V. Giitlirie, and H. Finger, the effect of the medium; 
C. Fievez, the action of a viaijnetic field; A. A. Michelson, the Zeeman effect ; 
J. N. Lockyer, and J. Steinhauseii, the enhanced lines; G. D. Liveing, the differences 
iti the spectra at the anode and cathode ; and 0. Lummer and E. Pringsheim, and 
F. Schoii, H. Ocisler, tlie anomalous dispersion. J. Stark and G. von Wendt 3 found 
that the compounds of thallium emit characteristic lines when acted upon by 
canal rays, and these have been studied by H. Smith, B. Beckmann and H. Linder, 
etc. In the X-ray spectrum the M-scries was measured by W. Duane and 
co-workers, and M. Siegbahn and B. Jonsen; and the L-series, by D. Coster, 
M. de Broglie, W. Duane and R. A. Patterson, and M. Siegbahn, who found, in 
Angstrom units, or 10-» cm. units, a2o'=r21603 ; aja=l-20471; ftB=101266; 
^j,y=l'(K)7HG; yi8=0'8602t>; £=l'38ri; i)=l'125; y2d=0'8447 ; ;34u=l-0371; 
W-0’l)978; ; and >'4i/i=0'81(X). The M-scries of the X-ray spectrum 

was reported by G. Wentzei, and E. Hjalmar, who gave aj=5'468; a'=5-461; 
a=.b'449'J; ft=5'2.54; ^=5 2384, and y=4’802. W. Duane and co-workers 
studied the, absorption of X-rays by thallium. M. N. Saha made observations on 
the ionizing potential of thallium vapour ; and F. L. Mohler and co-workers found 
this to be 6'04 volts. F. L. Mohler and A. E. Ruark found for the ionizing 
potential ; and 2pj=512(); and for the resonance potentials, 

3pi=()9b2j 2 'P 2 ^--lfs—3*269; and 2p2—2“4'47. J. E. P. Wagstaff gave 
2*6 X10'*^ for the vibration frequency. 

According to W. Crookes,^ thallium is a good conductor of electricity, but, accord¬ 
ing to A. Lamy, it is a bad one. Measurements of the electrical conductivity have 
been made by J. R. Benoit, A, Schulze, L. de la Rive, and A. Matthiessen and C. Vogt. 
J. Dewar and J. A. Fleming’s results for solid thallium between —183° and 98*5°, 
re-calculated by H. Dickson, and G. Vicentini and D. Omodei’s value for liquid 
thallium at 294°, are, in reciprocal ohms (mhos) per cm, cube, 

-18° — 40“ 0“ ‘20* 00“ 08-5* 29-4® 

Mhos X10 ‘ . . . 24-5 8‘4(i 6'83 6-08 6-28 4‘04 4 06 1-36 

The effect of Icnejierature on the electrical resistance, K, at $° betwr-on 0° and 100° 
is represented by A. Matthiessen and G, Vogt as Ro(l-|-b 0040264d4 O O 5884492 ), 
where Rq represents the value at 0°; J. Dewar and J. A. Fleming gave 
R=Ro(l-i-b‘bV398d) between()°and 100°; P. W,Bridgman foundR- RQ(l-f0 00617d) 
between 0° and 100°; and G. Vicentini and D. Omodei, gave R=Ro(l-f 0*004108d 
-fO'OsSOied^-lO 088183d“)for the solid between 0° and 294°, and if—Ro(l*4-0*00036d) 
for the liquid between 294° and 350°. M. Werner found an abrupt change in the 
electrical conductivity of thallium wire at the transition temp. 226°; and the temp, 
coeff. of the two modifications are different. G. Vicentini and D. Omodci’s curve 
does not show this change. M, Werner gives if=if„(H 0 0023d) for the 
interval 0° to 226°; and 7f=.‘ifu(l-| 0*002656) for the interval 226° to 302°, the 
m.p. A. Schulze gave for the sp. resistance of the solid at the m.p,, 37xl0~®, 
and of the liquid, 74 xlO-". According to G. A. Grommelin, and W. Tuyn and 
H. K. Onnes, thallium becomes a super-conductor of electricity at 2*3° K. 

P. W. Bridgman found a discontinuity in the resistance of thallium at a low 
temp, before the metal becomes super-conducting. The effect of pressure was 
studied by P. W. Bridgman, who found the following relative values for the resistance 
between 0° and 100°, and between 0 and 1200 kgrms. per sq. cm. press.: 

0® 25* 60* 75* 100* 

R . . 1*000 1 1292 1‘2686 1-3877 1-6170 

(Okgrm. . -OO 4 I 3 I 9 -OO 4 I 368 - 00,1393 - 00,1425 - 0-0,1466 

Press. (12000 kgmie. . -0-0,1017 - 0 0,1023 - 0-0,1028 - 0-0,1028 -0-0,1024 

CoeH. laverago . 0-0,1161 -0-0,1105 - 0-0,1183 - 0-0,1203 -0-0,1226 

A. Stein discussed a relation between the m.p. and the electrical resistance of 
thallium' and other metals. A. T. Waterman studied the electronic theory of the 
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conductivity. W. P. Davcy calculated the atomic radios oi Tl'-ion in thalloua 
chloride to be 1'77 A. 

M. Werner measured the Seebeck eiltct, that is, thermoeleotrical lorce ol the 
thallium-eopper couple. There is a slight diseontinuity in the e.m.f., E, at 226°, 
and he represents the values of E between 0° and 225° by £'—24+0 016119(S—225) 
+0-00039768(d2-2252); and between 225° and 249°, by E^ 24-1 0677(fl-22n) 
+0'0026042(d-—225^). W. H. Steele made an observation on the thermoelectric 
force of the couple at 200°. P. W. Bridgman gave for the thallium-lead couple 
at atm. press. 10*£=l'659d—0001349 ^—0 000005693 volts; for P, the Pelliei 
effect, 10«P=(l-659 - 0-002689-0 000016892)(fl4.273) volts; and lor o, the 
Thomson effect, 10 ®o=(—0 00268—0 00(X)3369)(fl-i 273) volts per degree. For 
couples composed of one branch of compressed and one branch of uncompressed 
thallium,!’. W. Bridgman found the thermoelectric force in volts xIO* to be for 
press., p, in kgrms. per sq. cm.: 



10* 

20* 

40* 

00* 

yiv* 

100* 

2,000 . 

. -1 0'8H 

4-181 

+ 3'H4 

1-6-07 

+ 8-43 

+ 10-87 

6,000 . 

2-47 

C-07 

10-60 

16-48 

22-70 

20-21 

12,000 , 

4'26 

8'78 

lS-53 

20-15 

40-40 

52-40 


The e.m.f. is positive and increases regularly with temp, and press. Similarly for 
the Peltier effect in joules pec coulomb x 10®: 

0’ -iU' 40^ «0‘ HU- lUO’ 

j 2,000 +23 I 2S +33 -I 38 +42 )-4« 

p\ 0,000 (to 7S so lot 112 124 

112,000 112 130 100 183 200 221) 

The Peltier efTeet is positive and increases with temp, and press. Likewise also for 
the Thomson heat effect in joules per coulomb per degree x 10® : 

o' 20' 40" 110' 80“ 100’ 

( 2,000 . . +10 +15 +12 +12 -i-O +6 

}) 0,000 . 38 32 28 27 20 20 

112,000 . , 79 73 67 60 65 50 

The Thomson heat effect increases with press, except at the niuximum temp, and 
press., but it decreases regularly with rising temp. J. 0, McT.ennan found the 
ionizing potential for the single line spectrum of thallium vapour to be 2'28 volts 
- analogous with the correaponding 4'9 volts of mercury vapour; and the value. 
8’29 volts- analogous with the 10'27 volts of mercury vaimur. F, L. Mohler and 
A. E. Kuark studied the different stages in the excitation of the thallium spectrum. 
H. Ureinacher studied the flame ionization by thallium salts. A. Lamy found 
thallium to be diamagnetic, and K. Honda found the magnetic susceptibility at 
ordinary temp, to be —2'9xl0“® vol. units. Observations were also made by 
S. Meyer, and M. Owen. 

B. Neumann ® found the absolute potential of thallium in A'-TlNOj to be +0'112 
volt; in Ar-Tl 2 S 04 , +0114 volt; and in JV-TlOl, OTOl volt. N. T. M. Wilsmore 
gave for the sequence of metals in the electrochemical series: 

K . . . Mn Zn Oil Fe Tl Nl ... II 

+3-20. .. +1-076 + 0-770 -( 0-420 + 0-340 + 0-322 -| 0-232 (-0 228. . . 0 

ThalUum has therefore a decided tendency to assume the ionic state. J. F. Spencer, 
K. Abcgg, I. Shukoff, and F. J. Brislee made observations on this subject. 
There is a marked difference between the potential difference of thallium and 
a sat. thallium amalgam. T. W. Richards and C. P. Smyth found that purified 
compact thallium possesses at 20° an electrode potential 21 millivolts higher than 
sat. thallium amalgam. When immersed in a soln. normal in thallous ions and 
connected with a normal calomel electrode, the total potential 0-6192 volt is indi¬ 
cated at 25°. The potential ol pure thallium is not influenced by quenching the 
metal, which is so soft that no important strain can exist in it. o-thallium is the only 
phase of the pure metal stable at room touip. Finely divided electrolytic thallium 
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sponge gives a potential 0 6 millivolt higher than the compact fused form. The 
diSeronce is probably due to the fine state of division, and disappears on long 
standing. The difference of potential shown by ^-thallium (if it could exist at 
ordinary temp.) would probably be nearly three times as great. G. Jones and 
C. W. Schumb measured the potential of the thallium electrode in a sat. soln. 
of thallous chloride, and the e.m.f. of T1 [ TlOlgat., 0*1N-KC1 j HgCl, with normal 
and decinormal calomel electrodes at 2.1° and 0°, and found A’=d-0'71821 volt at 
25° and +0 7582 volt at 0°; and with N-KCl, £=+0-7290 volt at 25° and 
+0-7102 volt at 0°. This gives lor the normal potential of the thallium electrode, 

( 0-5885 volt at 0° and +0 6188 volt at 25°. G. Tammann studied the potential 
difference of thallium and fused cuprous, silver, stannic, and lead chlorides, and 
of thallous chloride with magnesium, manganese, or aluminium. R. Kremann 
and co-workers investigated the e.m.f. of the cell T1 ] N-Na 2 S 04 | T1 n-lNa„, 
and similarly with the potassium alloys. U. N. Lewis and C. L. von Ende 
showed that early measurements gave anomalous results with Nernst’s formula 
for the relation between the thallium potential and the cone, of the 
thallium ion, because adequate precautions were not taken to prevent the 
oxidation of the thallium electrode by the oxygen dissolved in the soln. As a con- 
sequenci^, the cone, of the thallous ion next to the electrode is increased, and the- 
percentage change is greater the more dil. the soln. H. G. Denham assumed that 
iuetallic thallium in the presence of thallous ions forms sub-thallous ions; 
F. Kohlrausch and H. von Steinwehr attributed an analogous trend in the con¬ 
ductivity of thallous chloride soln. to the tendency of thallium to form complex 
ions ; and it might also be supposed that a double ion Tl 2 ‘' is formed as in the case 
of univalent mercury. G. N. Lewis and ('. L. von Ende found that if 0 denotes the 
cone, of the salt in soln.; a, the degree of ionization computed from conductivity 
measurenumts ; Gj, the ionic cone.; and E, the potential against the sat. thallous 
chloride cloctrodt?, then the values of E calculated by Nernst’s equation show no 
anomaly in the (‘.m.f. behaviour of the thallous ion when precautions are taken 
to prevent electrode oxidation ; 




V 

a 

<■1 

K (obH ) 

E (calc.) 

TINO. . 


. O'1000 

0-711 

00790 

-0-0422 

0-0438 

XlNOj . 


. 0-0333 

0-88 

0-0293 

-0-0183 

-0-0182 

TlCl (But.) 


. 0-0161 

0-89 

0-0143 

0 

0 

TlNOj . 


. 0-0100 

0-93 

0-0093 

+ 0-0113 

+0-0113 

TlBr (BHt.) 


. O'OOIOU 

0-97 

0-00193 

+0-0513 

+0-0616 


The potential of purified thallium against hypothetical normal thallous chloride is 
0'6170 volt at 25*^ when the normal calomel electrode is zero. There is here no 
evidence supporting H. G. Denham's conclusion that thallium forms sub-thallous 
Tl'^-ions. T. W. Kichards and C. P. Smyth’s observations led them to the following 
conclusion: 

a-thalUum dissolves mercury, increasing in hardnosa and volume up to about 5 per cent, 
of mercury. When more mercury is added, another solid phase of uliout the same hardness 
and volume, but containing more mercury, appears. 'Phese two phases appear to exist 
mixed togetlier in equilibrium, over the range from about 6 per cent, to 10 per cent, of 
mercury at 20®. With more than about 10 per cent, of mercury, the a-thallium solid soln. 
ceases to exist and tlie other phase continues to dissolve mercury in solid soln. until it is 
saturated (with perhaps 16 per cent, of mercury). The other solid phase is probably a 
solid soln. of mercury in /3-thalUum, which appears in definite crystalline form, making the 
amalgam friable after the admixture of an o-thallium has been eliminated. /3-tliallium can 
exist at ordinary temp, only in the presence of much mercury, but it is always the form 
present in equilibrium with the liquid amalgam. 

According to L. Jonas, when a soln. of thallous hydroxide is electrolysed, thallium 
is deposited on the cathode and an oxide on the ancnlc. The oxide contains slightly 
less oxygen than is required by the formula TljO,, its composition being better 
represented by HTljOj, Tl^O. The quantity deposited is equal to that calculated 
by means of Faraday's law. The process ia reversed when the direction of the 
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current is reversed. The chemical reaction in the cell TUOg | Tl OH' | T1 is, 
therefore, Tl 203 + 4 TI+ 3 H 20 ^TI -j-60H', and the e.m.f. is given by 
^RTjiF log C^TI C^OH'. The experimental results agree satisfactorily with the 
calculation. The e.m.f. of the cells of the thalHnm accumolator used lies between 
0*55 and 0 65 volt, and the capacity per kilogram is no greater than that of the lead 
accumulator. J. Regnauld measured the e.m.f. of the cell Zn | ZnS 04 , TI 2 SO 4 | TI. 
W. Ostwald gave 10 Cals, per valence for the heat o! ionizaUoQ. K. Fajans and 
M. Born calculated the vol. and heat of ionization of Tl -ions. K. G. Falk found 
the transport number of the cation in thallous sulphate soln, to be and 
W. A. Bain, 0 472; and A. A. Noyes and K. G. Falk gave 7‘60 units for the speed 
of migration of the cation at 25'^. 

W. J. Muller examined the anodic polarization of thallium in f^xY-sodium 
hydroxide, the current increases regularly with the polarization, and thallium dis¬ 
solves in the univalent form up to an applied e.m.f. of 10 volts. With the anode 
in A^-sodium hydroxide, there are three points on the polarization-strength of 
current curve at which the polarization remains practically constant with increased 
current, the first, at —0 7 volt, represents the dissolution of thallium in the univalent 
form ; the second, at +0 volt, j)robabIy represents the dissolution in the bivalent 
form ; the third, at +l'l volt, has not been fully investigated. When tlio polarized 
oxidized electrode is allowed to discharge, halts are observed at —0 3 and —O'C 
volt. When the applied e.m.f. in ^^^A'-sulphuric acid is gradually raised, a point 
is reached at which the current remains practically constant on further increasing 
the e.m.f., and pulsations occur. The current in these circumstances is proportional 
to the surface of the electrode, and stirring increases it considerably. The explana¬ 
tion advanced is that thallous sulphate forms on the anode, and gives rise to a con¬ 
siderable resistance, but as it diffuses away, it allows the current to pass. Stirring 
naturally accelerates the diffusion of the salt, and thus increa.scs the current. In 
both N- and iV/10-sulplniric acid with larger applied e.m.f., abnormal polarization 
occurs, so that thallmtn shows two diiTerent states of passivity. In the former soln., 
yellow crystals are formed on the anode, which probably represent a mixture of 
thallous aii<l thallic sulpliate. Complicated phenomena also occur when sodium 
sulphate is use<i as electrolyte. 
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§ 4. The Chemical Properties of Thallium 

Lo thallium est de.stme d fiiire dpoque dans riiiHloiro do la chimie par I'dtonnant contrasto 
ipii 80 manifesto entro ses caraetdres chimiques et aos proprieties physiques. II ny a pas 
d'e.x.vgeration d dire qu iiu point de viie de la classification gdndraloment accoptde pour los 
mdtaux, le thallium offre imo reunion de propri^tds eontradieloiros qni autoriscreit A roppelor 
le m^tal paradoxal, romithorrhynquo des mAtaux. - J. B. A. Dumas.^ 

Thallium forms two series of salts—thalloiia and thallic compounds—in which 
the element is respectively uni* and ter-valent. The general properties of the two 
series are very different. In the early days there were difficulties in assigning 
thallium a place in a particular family of elements. W. Crookes’ premise that it 
belonged to the sulphur family was soon abandoned. The physical properties of 
the metal—appearance, sp. gr., hardness, m.p., and electrical conductivity—were 
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found to bo analogous with those of lead, so also were many of the chemical proj.n 

tics of the salts of univalent thallium analogous with those of bivalent lead—e.g. fhf 
sparing solubility and colour of the thallous halides, and chromate, and the behaviour 
of the aq, soln. towards sine are also analogous to the corresponding lead salts, Tlw 
differences in valency, etc., however, were too pronounced to allow thallium to h(' 
included with the lead family of elements. Univalent thallium resembles the alkali 
metals in the flame sjiectra ; the ready oxidation of the metal in air, the solubility 
of the hydroxide, sulphate, and carbonate in water ; the existence of thallia-alums, 
and thallium chloroplatinate; andthe isomorphism of its saltswith thoseof potassium, 
rubidium, and caesium. C. F. Rammclsberg, and G. N. Wyrouboff investigated the 
isomorphism of the sulphates, alums, phosphates, and tartrates; A. Fock, the dithio- 
iiates ; H. W. B. Roozeboom, the chlorates; H. E. Roscoe, the perchlorates; and 
.1. W. Ketgers, and 0. van Eyk, the nitrates. Here again the differences were too 
marked to permit thallium being included with the family of alkali metals. Tervalent 
thallium has analogies with the aluminium family, it has but a small tendency to 
form alums ; and in the low stability of the chloride and its tendency to form com¬ 
plexes, it resembles gold. D. I. Mendeleeff, in introducing the periodic classification, 
argued strongly in favour of including thallium with the aluminium family. He 
showed that in arranging the elements in the order of their at. wt., aluminium comes 
between magnesium and silicon, ami thallium between mercury and lead. Just as 
the higher oxide of mercury is alone analogous with magnesium oxide, so does the 
highest oxide of lead show an analogy with silica, and the highest oxide of thallium 
show an analogy with alumina. Magnesium and mercuric oxides are strongly 
basic, aluminium and thallic oxides are feebly basic, while lead and silicon dioxides 
are feebly acidic. Lead, thallium, and mercury form a basic oxide lower than 
plumbic and mercuric oxides, while silicon, aluminium, and magnesium do not form 
well-defined lower oxides. The higher oxides HgO, TljOj, and PbO.. are peroxidic 
relative to the lower oxides Hg.^O, TljO, and PbO, and give off oxygen when heated ; 
the higher chloride of mercury is stable, that of thallium unstable, and that of lead 
very unstable. 

Thallium does not form any compound with hydrogen, A. Sieverts,- and 
0. P. Smith found that the quantity of gaseous hydrogen occluded by thallium can 
scarcely be detected, although, as T. W, Richards and C. P. Smyth pointed out, 
hydrogen formed at the cathode during electrolysis might be occluded to a greater 
extent as is the case with iron. L. Troost and P. Hautefeuillc detected no analogy 
with the alkali metals in the tendency of thallium to form hydrides. Only a few c.c. 
arc absorbed by the metal at 500“ and 760 mm. press. W. B. Herapath assumed 
that a thallium hydride was formed which burnt with a green-coloured flame, but 
W. Crookes could not confirm this observation in the action of acids on zinc in the 
presence of thallium salts, or in the action of acids on a zinc-thallium alloy. When 
hydrogen is passed over red-hot thallium, the gas may carry along fine particles of 
the metal which colour the flame of the burning gas. 

When a freshly cut surface is exposed to air, A. Lamy noted that it is gradually 
covered by a dark grey film which protects the metal from further change; at 100“,the 
metal rapidly becomes brown, but regains its lustre when dipped in water owing to 
the dissolution of the oxide. G. Gore said that attack by sir is very slow in the cold, 
and rapid at 100°. (1. F. Schonbein found that thallium is not changed at ordinary 
temp, in dry oxygen, and in thoroughly dried ozone, also, no change is perceptible, 
but in the presence of moisture, a brown film of oxide is immediately formed. 
A. Lamy found that when melted in oxygen, the metal inflames and becomes 
incandescent. According to J. B. A. Dumas, below a red heat the metal oxidizes, 
forming thallic oxide ; at a red heat, a mixture of crystalline thallic and thallous 
oxide alone is formed. W. Crookes, A. Lamy, and E. J. Chapman noted that when 
heated above its m.p. in air, thallium gives brown fumes. W. Crookes said that 
when the moist metal is exposed to air, crystals of thallium carbonate are formed. 
A. Lamy found that water alone at ordinary temp, does not act on thallium, not 
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Poc8 the metal decompose boiling water; but W. Crookes found that the red-hot metal 
decomposes steam. C. Weltzicn, and G. Wyroubod said a mixture of thallous and 
. thallic hydroxides are simultaneously formed: 2 TI+ 4 H 2 O—T 10 H-f-Tl{ 0 U) 3 -l- 2 H 2 . 
R. Bottger noted that the metal is attacked by water with dissolved air, forming 
a mixture of thallous hydroxide and carbonate; and added that thallium is best 
preserved under water which has been weU boiled, under an aq. soln. of glycerol, 
or under a soln. of thallous carbonate. J. Schiel recommended keeping the metal 
under water in which some drops of petroleum had been shaken. A. Kolliker 
emphasized the rapid oxidation (and dissolution) of thallium in aerated water. 
According to C. F. Schonbein, hydrogen peroxide produces a brown crust of thallic 
hydroxide which is later reduced to thallous hydroxide with the evolution of oxygen ; 
K. Birnbaum also studied this reaction. 

H. Moissau found that fluorine acts on thallium so vigorously that the metal 
becomes incandescent; A. Lamy, that thallium is attacked when heated in chlorine 
gas, and V. Thomas, that dried liquid chlorine has very little action on the metal. 
A. Lamy found that thallium unites with bromine, and, added J. Nicklw, the action 
is faster in the presence of water or alcohol. W. (Vookes noted that iodine unites 
with healed thalburn. R. Lepsius found that when thallium is heated in a stream 
of hydrogen chloride, hydrogen is evolved and thallous chloride formed. According 
to F. Kuhlmann, hydrochloric acid, and the halide acids, attack thallium with 
difficulty owiug to the sparing solubility of the thallium halide, but hydrofluoric 
acid, which form.s a readily soluble fluoride, attacks the metal tardly. W. Crookes 
found that a(p chloric acid dissolves tlialliuni, forming thallous chlorate.; and 
H. K. Hoscoe found that perchloric acid likewise attacks the metal, forming 
thallous perchlorate. 

According to W. Crookes, and A. Lamy, when thallium is melted with sulphur, 
selenium, or tellurium, the elements unite chemically. H. Pclabon has studied the 
union of thallium with sulphur, selenium, and tellurium. A. Robrig found warm 
sulphurous acid attacks thallium very slowly,forming thallous sulphite. W. Crookes, 
and A. Lamy found thallium dissolves in sulphuric acid, forming thallous sulphate. 
W. 0. Rabe showed that the dil. acid acts slowly, while the cone, acid acts more 
rapidly. According to A. Ditte, thallium dissolves in dil. sulphuric acid at a low 
temp, with the evolution of hydrogen, while the cone, acid forms sulphur dioxid(‘, 
hydrogen sulphide, and free sulphur. F. W. Clarke stated that boiling telluric acid 
does not attack thallium. P. Nicolardot found thallium is not attacked by boiling 
sulphur chloride, 82 (^ 2 —presumably a protective layer of chloride is formed. 
H. G. Denham found that thallium is dissolved by a soln. of thallous sulphate, and 
he assumed that a subsulphate is formed. 

H. Flemming said that nitrogen does not unite directly with thallium; and 
F. H. Newman observed no absorption of this gas by tballium on the cathode of a 
discharge tube. C. A. Seely also found that liquid ammonia is without action ; and 
R. Weber, that nitrogen pentoxide has no action. E. Carstanjen found that thallium 
Is more readily attacked by nitric acid than by the other mineral acids, and with 
dil. nitric acid, hydrogen is evolved. W. Crookes showed that thallous nitrate is the 
main product, but if an excess of cone, nitric acid is used, much thallic nitrate is 
formed; while J. J. Acwortb and H. E. Armstrong found that with dil. nitric acid 
(1:2), at SO’’, the evolved gas contains 69 78 per cent, of nitric oxide, 19’ 15 per cent, 
of nitrous oxide, and 11 07 percent, of nitrogen. With warm aqua regia, G. Werther, 
and E. Willm noted that thallic chloride is formed. J. J. Sudborough noted the 
formation of a complex, TlCl.TlCls.2N0Cl. when thallium and nitrosyl chloride are 
heated in a sealed tube to 100 “. 

According to E. Carstanjen, phosphorus does not act on thallium when the two 
elements are melted together; but H. Flemming found that when phosphorus 
vapour is passed over molten tballium, a thin dark-coloured crust of possibly thallium 
phosphide is formed. E. Carstanjen found that thallium and arsenic or antimony* 
or hUmuth readily alloy when melted together. Q. A. Mansuri obtained the f.]). 
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curves shown in Fig. 2 for binary alloys of arsenic and thallium. The two elements 
do not act on one another chemically, nor do they form solid soln. There is a 
eutectic at 215° with 8'01 per cent, of arsenic ; with increase of arsenic the f.p. of the 
alloys rise to 240°. Alloys with 13 to about 40 per cent, of arsenic begin to freeze 
300 - . . —r;j 240° and form two layers—the upper 

300 - one being rich in arsenic, and the lower 

^ 700 ^ . one rich in thallium; with over about 

^ 300 " - . _ per cent, of arsenic, the two layers 

5 ./ disappear, and the soln. becomes uniform. 

/ ^rionictmelt K. S. Williams obtained the f.j). curve 

M 33!' ' i shown in Fig. 3 for binary alloys of 

\ I I '- thallium and antimony. There is cvi- 

4 . 5 t(!i/fec*c — !i ^ ’’Hi formation of the thallimn 

TlirfArf!? Aiteufsa/c trituanlimonide, R. Kremann and 

I-Wnge^.-e-ured the e.md. of the 

lOo. 2. -KroozinK-poiotOurvesolAlloys alloys, a>J<Hound no 

of Tlmlliuio and Araonic. indication of a compound. M. Cliikashige, 

likewise obtained with thallium-bismuth 
ij-formatioji of the thallium tritapeufabismuthide, 
BibIIjj, and lens decisive evidence with respect to thallium iritabismuthide, BiTlg. 
K. Kremann and A. Lobinger found the c.ni.f. behaviour indicated the existence 
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of the compounds BisTlg and BiTlj. N. S. KurnakofE and co-workers found no 
evidence of the compound liir,Tla. N. S. Kiirnakoff and N. A. ruscliin, and 
0. r. Hoycock and F. If. Neville studied the fusion curve of nii.xtiires of these 
elements; 1). Omodei, the thermal expansion. 

According to H. Moissan, carbon, boron, or silicon does not dissolve to an appre¬ 
ciable extent in thallium, nor do the two elements unite directly. H. Fleniniiiig 
said that thallium does not unite with carbon dioxide even if the temp, be raised 
to the sofUming point of glass. Organic acids attack thallium with difficulty, 
lhallium is covered by a dark crust when placed in petroleum ; likewise also in 
benzene, and at the same time the liquid becomes turbid; in chlorolorm, dirty 
yellow flocks separate; absolute methyl, ethyl, or isobutyl alcohol, according to 
T. Svedberg, takes up appreciable quantities of thallium in a short time. R. Bottger 
found thallium is quickly attacked by neutral methyl ether free from alcohol; and 
in ethyl ether a yellowish-brown powder is formed and the liquid becomes turbid. 
J. F. Spencer and M. L. Wallace found that boiling a-bromonaphthalene forms 
thallic bromide; and boiling iodobenzene, thalloua iodide. J. L. Sammis found a 
soln. of OUt^O OlMte in pyridine does not attack thallium. A. Korezynsky studied 
the catalytic aotiou of thallium and its salts on the hydrogenation of aromatic 
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hydrocarbons. Thallium was found by W. C. Reid to precipitate the metal from 
soln. of copper, silver, gold, mercuir, and lead. W. Crookes said that a soln. of 
potassium permanganate is reduced by thallium at ordinary temp. 

The physiological action of thallium and its salts has been discussed by 
W. Crookes/^ A. Lamy, J. J. Raulet, L. Grandeau, K. Jeunselme, H. Castex, J. Blake, 
H. Erdmaun, A. Curei, B. Stadiun, W. Luck, etc. The uses of thallium are not 
important. Any advantages oltered by thallium or its compounds are counter¬ 
balanced by the cost. The chromate is stated by T. W. Salter ^ to furnish a ricln'r 
yellow pigment than lead chromate. A. I>amy, and 0. Schott say that if lead in 
gla.sses be replaced by thallium the product has a higher refractive imlex, and is 
better suited for the preparation of imitations of gem-stones. J. Giidicke and 
A. Miethe, am! L. Vanino and co-workers recommend it in magnesium, etc., for 
increasing the luminosity. G. Meyer, U. Kreusler, and A. Hantzseh and 
W. if. Glover used the flame coloured with thallium as a source of monochrumati(! 
light. Thallous salts have also been recommended in te.sting fur t»/,one; in the 
se})aration of chlorides and iodides {V. Thomas, ami V. Junnascli and K. Aseho/T); 
and in some microscopic tests (H. Belirens). 

Reactions of analytical interest.- -Tin; thallous salts are colourless and usually 
soluble ill water, although the elilorhle. bromide, iodide, sulphide, ami eliromate 
are but sparingly soluble. Tliallic salts are readily re<luce(l to thallous salts, and 
when an a<|. .soln. of thallic sulphut«‘ or nitrate is boiled, tliallic liydroxide is pre- 
eipitate<l. With hydrochloric acid, and solubh* ehloridi's, thallous .salts, in not too 
dll. a soln., give a white precipitate of thallous chloride winch is slightly soluble in 
Water, but less soluble in water containing a little hyilrochiorie aeid. Thallic 
salts under .similar conditions give no prccijhtate. il. Behrems'■ detected O'OOOU) 
mgrm. of thallium by using this reaction as a microscopic test. Witli potassium 
iodide, yellow thallous iu<lid»“ is formed even svith dil. soln., and this is considered 
to be a very .seii.sitive test for tliallium. Unlike haul lodhh', thallous iodide dissolves 
but sparingly in a cold soln. of sodium tiiio.sulpliate. According to H. Behrens, 
U UtHj.'J mgrm. can be detected by using tins reaction as a niKToscupic test. Thallic 
salts give a brown precipitate which is a mixture of tliallic and thallous iodides. 
F. Ephraim found that with a mixture of potassium iodide ami antimony chloriile, 
orunge-reilthailoiisio(loantimonite,3Tli.2Sbl3, separates. When hydrogen sulphide 
is passe<I into a soln. of thallous sulphale, acidilied with mineral acids, no preeijhtu- 
tion occurs, but with neutral soln , black thallous sulpiiide, Tl.^S, is iucoinjdetely 
precipitated. If arsenic, antimony, or copper salts be present, thallous sulphide 
is precipitated with the sulphides of those metals. With soln. acidilied with acetic 
aehi, the precipitation is complelf. Thallous sulphide is n*adily dis.solved by 
mineral acids ; it is insoluble in acetic acid and alkaline siilpbide.s ; ami it, is readily 
o.xidized to thallous sulphale when exposed to air. It is but slightly attacked by 
acetic acid. The precipitate is not soluble in aq. ammonia, alkali or ammonium 
sulphide, or potassium sulphide. When heated, the thallous su!|diulc first melts 
uml then volatilizes. Thallic salt soln. behave in a similar manner towards liydrogen 
sulpiiide. Thallium salts give with ammonium sulphide, a jireeipitaie of 

thallous sulphide. Similar results arc obtained with hyilrogen sulj)hi(b‘ in alkalim- 
soln. 

Thallous salt soln. give no precipitate when treated with aij. ammonia, or alkali 
hydroxides, but thallic salts give brown thaliii; liydroxide, wjiicli changi’s to TiO(()H) 
when exposed to air. The precipitate dissolves very slowly in acids, and is not 
soluble in an excess of alkali-lye. The presence of tartaric aciil liimlers the jire- 
cipitation. Thallous carbonate is fairly soluble in water, so that alkali carbonates 
precipitate thallous carbonate only from cone. soln.; with thallic salts, thallic 
hydroxide is precipitated. Soln. of alkali chromates preci|)itat<* yellow thallous 
chromate—soluble in cold nitric or sulphuric acids- from soln. of thallous salts; 
and no precipitate with soln. of thallic salts. With not too dil. soln. of thallous 
salts, bydrocUoroplatinic add precipitates pale yellow thallous chloroplatinate, 
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TLPtCls ; H, Behrens claimed to detect O’OOOOOS mgm. of thallium 1, 
reagent used as a micro-test, A white crystalline precipitate soluble in iilr 
water is formed when potassium thiocyanate is added to a soln. of a tballouTs^t 
A soln. of sodium thiosulphate gives a white precipitate with thallom salt soln. fJic 
prerdpitate is soluble in boiling water, and when an acid is added to the soln., thallous 
sulphide is precipitated. Neutral soln. of thallous salts give a precipitate of thalhc 
oxide with pofasa’um permanganate ; in acid soln., the thallous salt is oxidized to 
a thallic salt. Thallous sulphate, when treated with aluminium sulphate, gives 
colourless octahedral crystals of thallia alum, TIAl(S0f)2.12H20. According to 
M. Cunningham and F. M. Perkin, and S. M. Tanatar and S. PetroB, a pale red, 
sparingly soluble precipitate is produced when sodium cobaltinitrite is added to a 
thallous salt soln. According to L. Marino, small quantities of thallic salts in the 
presence of thallous salts can be detected by tbe production of a blue coloration 
with a-naphthol and dimetbyl-p-pbenylene-dismine. Zinc, aluminium and 
magnesium precipitate black crystals of thallium from soln, of thallium salts. 

The atomic weight of thallium.--Thallium has a hydrogen eq. of about 204 in 
thallous salts, and 68 in thallic salts. The at. wt. approaching 204 is in accord with 
the vapour density of the halide, and with the mol. wt. of the salts in soln. It is 
also in accord with sp. ht. rule ; with the isomorphic rule in connection with the 
alums; and with the periodic scheme of classification. In 1862, A. Lamy * analyzed 
thallous sulphate, and from the ratio TI 2 SO 4 : BaS 04 , he calculated the at. wt. 
2()5'22 ; and M. Hebberling from the same ratio obtained 204'97. A. Lamy analyzed 
thallous chloride, and from the ratio TlCl : AgCl obtained 203 87 ; M. Hebberling 
from a similar ratio obtained 203'22 ; and H. L. Wells and S. L. IVnfield, 204'48. 

G. Werther analyzed thallous iodide, and from the ratio Til; Agl, obtained 203'81. 
W. Crookes converted thallium into the nitrate, and from the ratio T1: TINO 3 
obtained 204-04(N -U'Ol). tJ. Lepierre, from the ratio TI 2 O 3 : 2T1 obtained 204T4; 
from TI 2 O 3 : 2T1, 2()4-10 ; from 2 TINO 3 : TLO 3 , 204 04 (N=14 01 ), T 12 S 04 : TI 2 O 3 , 
203'99 ; and from TI 3 O 3 : 3 H 2 O, 204'29. A study of the different ratios gave 
F. W. Clarke 20404; B. Brainier, 204; and the International Table for 1922, 
204 0 . The atomic number is 81. F. W. Aston ’’ attempted to find the isotopes 
of thallium, but was not successful. W. P. Jorissen and J. A. Vollgraff did not 
succeed in producing thallium from bismuth by the action of the cathode rays, 
although they found that bismuth commonly contains a trace of thallium, 
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§ 5. The Alloys of ThaUium 

A. Lamy i found that thallium readily alloys with many metals. E. Carstanjen 
obtained alloys of thallium with potassium, sodium, magnesium, sine, cadmium, 
mercury, aluminium, tin, lead, antimony, and bismuth; most of these were not 
very stable in air, and E. J. Chapman obtained brittle alloys with gold, anti¬ 
mony, bismuth, and platinum; malleable alloys with copper, silver, and lead; and 
an easily oxidized alloy with tin. E. Carstanjen found that sodium and thallium 
unite without incandescence when the elements are melted together; potassium 
and thallium behave similarly but become feebly incandescent. The alloys are 
crystalline and silver-white. The f.p. curves of thallium with each of these elements 
arc shown in Figs. 5 and 6. With sodium, there is a eutectic with the ratio 
T1: Na=l: 12’89at 64'1‘’; a break with the ratio 1:611 at77-9'’—possibly owing to 
the formation of hexasodium thaUide, NajTl; a break with the ratio 1; 2 37 at 
153'7°-—owing to the formation of sodium hewithallide, NaaTl; a distectic point 
or maximum with the ratio 1:1 at 306'8°—owing to the formation of lodium 
thallide, NaTl; and a eutectic with the ratio 1‘73 ; 1 at237'7'’. R. Krcmann and 
P. von Keiningshaus studied the e.ra.f. of alloys of sodium and thallium in cells 
T1 I iV-Na 2 S 04 1 Tlj_,Na„ and found evidence of NaTl, but not of NajTl or of 
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Na^TI, The f.p. curve with potassium has a transition point with the ratio 
Tl:K-I .•2 03 at 242-2corresponding with potassium bemitbaUlde, KjTl; a 
diatcctic jioint or maximum when the ratio is I: I, at 335°—corresponding with 
potassium thaJiide, KTi, and a eutectic with the ratio 6'3] ; I at ]72'5°. 




Kf(j. T). Freezing Points of Alloys Fni. 0.- -Freezing Pomta of Alloys 

of Thalliutn un<l Sodium. of Thallium and Potassium. 

K. Carstanj^Mi found the alloys readily oxidize in air; and they dissolve violently 
in water giving oft liydrogen. They ean be preserved iind^r petroleujn. V. T. Hey- 
(iock and F. H. Neville found that thallium readily dissolves in molten sodium and 
a gram-atom of thallium in KM.) gram-atoms of sodium lowers tlie m.p. 4:'12'^-4'72'\ 
K. Kremann and E. Pressfreund studied the e.m.f. of the thallium-potassium alloys, 
us in the casti of the sodium alloys. 

W. ('rookes found that when thallium is melted with copper much of the former 
is volatilized. E. (.^arstanjeii melted the two elements under borax. F. Doerinektd 



Fjo. 7. •-Freezing-point Fits. 8.-Freezing-point Pits. 9.—Freozing-point 
(Jurvo of Alloys of (Jurvo of Alloys of Curvoof Alloysof (lold 

Copper and Thallium. Silver and Thallium. and Thallium- 


observed the formation of no compounds or mixed crystals, Fig. 7. The two elements 
are only partially miscible ; at 959° (the m.p. of copper) the layer rich in copper 
contains db'l per cent, by weight of thallium, tlie layer ricli in the latter metal 
only 1'8 per cent, of copper. The eutectie point of the alloy rich in thallium lies 
at 302°, a little below the m.p. of thallium. \V. Crookes said that the alloys with 
an excess of copper are golden yellow, those with an excess of thallium are white. 
E. Carstanjen said that sulphuric acid attacks only the thallium; nitric acid dissolves 
both constituents with the separation of thallium nitrate. W. Crookes prepared 
alloys of silver and thallium and found that they could be cupelled like silver-lead 
alloys. 0. T. Heycock and F. H. Neville found the lowering of the f.p. of alloys 
with 0 to 20 per cent, of thallium is proportional to the cone, of the last-named metal. 
According to G. I. Petrenko, the f.p. curve of this system, Fig. 8, consists of two 
branches which meet in a eutectic point at 287°; the eutectic mixture contains 
2*5 per cent, weight of silver. The m.p. of thallium is 303°-304°. The elements 
form only one series of mixed crystals which contain 0-10 per cent, by weight of 
thallium. A. L. Bernoulli measured the electrical resistance of these alloys, and 
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their thermoelectric force against copper; C. Haniebcck, and R. Schenck compared 
the electrical and thermal conductivity of silver-thallium alloys. M. Levin detected 
no compounds oi (fold and thallium in his study of the f.p. curve, Fig, U, of these 
alloys. He found that the f.p. of both gold and thallium are lowered by the atldition 
of the other metal; the two branches of the f.p. curve intersect at a eutectic point 
corresponding with a temp, of 131'" and with 27 per cent, of thallium. C. T. Hey- 
i;ock ami F. H. Neville measured the lowering of the f.j). of thallium by gold. 
K. Osmond and W. C. Roberts-Austen measured tin* ten.sile strength of these alloys. 

L. Donsky studied alloys of thallium with up to 15 per cent, of cnlcuttH. He 
found that the eutectic temp, lies about O' higher than the in.p. of thallium, from 
wliich the conclusion is drawn that mixed crystals rich in ealeium are presimt ; at 
the eutectic temp, these are in equilibrium with C&lcium thtbAUldG) t'aTl;). and tin* 


fused matrix. Between 6 per cent, and 16 ]>er 
cent, of calcium, calcium thalUde, t’a'n 
(needles), separates; at 524^ this conqiouml 
r«‘acts with the fused mass to form CaTl^ (bluish 
ery.xtals), which separate primarily from about 
O ') 0 per cent, of calcium. The alloys are 
harder than thallium, brittle, ami oxidize 
rapidly in the air. Those containing more 
tiiau 0 j)er cent, of ealeium ilo not decompo.se 
water at the onlinary tem]>. N. Baar found 
that calcium and thallium also form caicium 
tetratritathallide, ('a:/ri4, at 555^ Fig. 10 ; lie 



also found evidence of C'aTlj at .524"’, and (’a'l'l 


Kkj. 10. riee7.ihj!;*j)ohit. ('urve o( 


at IMiy . There is a euti'ctic at 602' witii .Alloys of Calcium aiulThallimn. 


.38 ])(‘r cent, of talcium, and a limited number 

of solhl sohi. are formed, so that the transformation jioint of thallium is raised by 
the addition of calcium. (I. Tammunn studied the chemical activity of these 


allovs. 


According to S. Mellor.- (mfjnesiutn and tlialliuin can bi* alloyed in any pro¬ 
portion ; the alloy with .5 per cent, of thallium is more mallealde than magnesiuin ; 
and the alloys ricli in thallium oxidize readily. E, Carstanjen made wire from an 
alloy of espial parts of the two metals. According to (i. (irube, with addition of 
thallium the m.p. of magnesium. Fig. 11, falls to a eutectic point corresponding 
with 405' and 72'5 ])er cent, of thallium. It next rises to a maximum at 76 per 
cent, and U2‘‘.) ’. Fnun this maximum it falls to a second eutectic point at 392’9® 
and 84-8 per cent, of thallium, and then to further eutectic jioints at 355-4'' and 
89-3 ))er cent, of thallium and at 205 2' and 97-1 per cent, of thallium, and finally 
rises to the m.j). of thallium. From the course of the, curve, with its sharp maximum 
and two concealed maxima, the existence of three compounds is inb'rred, namely, 
octomagnesium trithallide, TI;,Mg^, magnesium heraithallide, TlMg^, and magne- 

siumditritathaUide,T! 2 Mg;j. TlaMg^melts at 412'9‘'to a homogeneous litpiid. TlMg.^ 
undergoes transformation at 392-9'' in accordance with the equation TlMg2?=i0‘0796 
TlaMgfj+fused alloy (0-9204 TH'1*9204 Mg). Tl.,Mga has a transformation ]ioint 
at 355-4'': Ti.2Mg3?^-I194 TlMga+fused alloy {imm TH-2'«806 Mg). ThaUium- 
magnesium alloys blacken in the air by oxidation, espe(‘ially in presence of moisture. 
S. Mellor found the alloys burn more vigorously an<l more slowly than magnesium 
alone. E. Carstanjen prepared alloys of zim and ihallium. According to A. von 
Vegesack, the two metals have only a limited miscibility, Fig. 12. At its m.p., 
zinc dissolves about 2-5 per cent, of thallium, and the m.p. of zinc is then lowered 
about 3°; at its m.p., thallium dissolves about 5 per cent, of zinc, and its m.p. 
lowered about i’’. No chemical compounds or mixed crystals were observed. 

T. Heycock and F. H. Neville found one atomic per cent, of thallium in zinc 
lowered the f.p. 5-1®. C. di Capua measured the hardness of these alloys. 
E. Carstanjen found the alloys to be readily soluble in sulphuric acid with the 
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evolution of hydrogen. K. Kremann and A. Lobinger studied the e.m.f. of 
thalUum’zinc alloys ; A. Matthieseen and 0. VA)gt, the electrical conductivity, 
and 1). Oniodei. the thermal expansion. K. Carstanjcn also prepared thallium- 
cadmium alloys; and N. S. Kurnakoff and N. A. Puschiii found the f.p. curve is of 
the simple V-type with the eutectic at 203'5'' and with the atomic proportion 
(VI: T1 -1 : 2 07, i.e. 81-7 jier cent, of thallium, Fig. 13. (V di (’apu^ studied 



the hardness an<l other properti(‘s of cadtuiuin-thaUiuni alloys; A. W. Smith, the 
thermal conductivity; and K. Kremann and A. Lobingor, their e.m.f., and no 
sign of a compound of thallium with zinc or cadmium was observed. K. Car- 
stanjen prepared ternary I’l—Cd—Bi alloys; and F. lleycock and F. H. Nevilh*, 
'll—('d—Ag, and Tl- (.VI-Au alloys. 

W. (Vookes obtained crystalline thallium amalgams. Thallium was shown by 

J. NickhVs to amalgamate with mercury. W. Kamsay, J. llegnauld, A. Sucheni, 

K. Bornemann and (r. von Kauschenplat, etc., prepared alloys by direct union of 
the metals; aiul T. \V. Richards and J. H. Wilson, by electrolysis with a mercury 

cathode of a soln. of thallous sulphate in the jircseuce 
of ammonium oxalate to prevent the formation 
of peroxides at the anode. P. Pavlovitsch, and 
N. 8. Kurnakotf and N. A. Puschin measured the 
f.p. curve of thallium amalgams. The curve drops, 
Fig. 14, from the f.p. of mercury —to a eutectic 
at ()0® with 8'5 at. percent, of thallium ; itthenrises 
to a maximum at IS'’ with 33 3 at. per cent, of 
tiuillium (mrresponding with morcury hemitbaUide« 
llg.^Tl; there is another eutectic at 3‘5'' and 40 at. 
per cent, of thallium; the curve then rises steadily 
to the m.p. of thallium. The curve, Fig. 14, has 
been revised by 0. 1). Roos. P. Pavlovitsch, and 
li. Rolla .said that the maximum on the f.j).-composition curve does not 
correspond with a detinite eoinpoiind. (V H. Desch found the rides of 
A. Gorbolf, and F. M. Flawitzky to have only a limited application. J. H. Hilde- 
braml's vap. press, determinations suggested the possible existence of mercury 
hexuaihallide, HggTl; the existence of J. Regnauld’s HgsTl, and HgsTIs, and 
K. Carstanjen 8 HgTl 2 have not been confirmed ; they were made by alloying the 
two metals in the requisite proportions. A. Sucheni, N. S. Kurnakoff and N. A. Pu¬ 
schin, and K. Bornemann made observations on this subject. W. J. Humphreys 
studied the diffusion of thallium in mercury. L. Rolla found that the hardness- 
composition curve is continuous; and T. W\ Richards and C. P. Smyth found 
that the hardness of solid thallium amalgams increased until 5 per cent, of mercury 
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had been added, further additions of mercury softened the amalgam; they also 
found that the sp. gr. of solid thallium amalgams indicate an increase in volume 
during amalgamation; and the curve shows a slight inflexion at about 5 per cent, 
of mercury. H. Feninger measured the viscosity of the amalgams; and F. Schmidt, 
the surface tension. T. W. Richards and co-workers obtained for the heat of soln., 
Q joules per gram-atom of thallium in amalgam, when p pet cent, of thnllium 
wa.s present. 

092 521 STS 1043 llSl 17-33 24-55 36 20 

Qio . . 2700 1500 480 45 -234 1497 - 2011 -3570 

. . -- - — -1614 -2711 - 3670 

(i. N. Lewis and 51. Randall calculated values for this constant from tlie, data of 
T. W. Richards and F. Daniels. P. Pavlovitsch found a break in the electrolytic 
potential-composition curve at 27 to 28 at. per cent, of thallium, and it was thought 
to r(‘])rc8ont a compound IfgaTl, which forms solid soln. with both components. 
T. W. Richards and J. II. Wilson found 13*504,13*515. and I3'r>27 for the sp. gr. of 
amalgams with 1*854, 1*410, and 0‘793 per cent, of thallium at 20'’. L. Rolla found 
t he sp. vol. to be those calculated for mixtures, and to give no evidence of chemical 
combination. W. Ramsay studied the lowering of the vap. press, of mercury by 
thallium, and hence deduced an at. wt. 204*2. E. Beckmann and 0. Ijesche observed 
th<‘ raising of the b.p. of mercury by thallium. J. H. Hildebrand and E. 1). Eastman 
studied the vaj). })ress., and heat of dilution ; J). Macintosh and F. M. (J. Johnson 
recommended 5 per cent, thallium amalgam as a Ii(pii<! for tliennomelers down to 
•bo’. Cf Tammann measured the lowering of the f.p. of mercury by thallium. 
R. H. (rerke studied the free energy of the thallium amalgams, and found --51 cals. 
p(T gram for tlie thallium, and —523 cals. ])er gram for the mercury. H. Feninger, 
K. Hornemanu and G. von Ranschenplat measured tlie electrical conductivity and 
resistance of the amalgams. P. Pavlovitsch found the elect rical conductivity a|)pearH 
as a maximum with amalgams having 23 to 28 at. per cent, of thallium. J. F. Spencer, 
A. Sucheni 0. Mayr, V. Rothmund, and T. W. Richards and co-workers measured 
the potential difference of soln. of thallium salt.s and thallium uinalganis, and 
G. N. licwis ami M. Randall applied the results to calculate various pliysieal })roj)er- 
tlcs of thallium. For T. W. Richards and G. P. Smyth on the potential ditTiTenee 
of thallium amt thallium amalgams, vuIp thal- 
lium. J. Regnauld found thallium to be electro¬ 
negative towards its amalpms. J. Nickl^‘8 ^ 
found that thallium is dissolved from the 
amalgam by acidulated water. ^ 

E. (/arstanjen * melted aluminium and thal- 
Hum umler borax and obtained what he ^ 
regard(‘d as an alloy of the two metals, but /oo° 

F. Doerinckel found that the two metals are o ^0 iO 60 so /oo 
not soluble in one another to any appreciable, Mlium 

(•xtout. Fig. 15 ; ami they do not enter into U.-Freeiing-point Curve of 

chemical combination, or form mixed crystals. Alloys of Aluminium and Thallium. 
N. S. KurnakoH and N. A. I’u.schin found that 

lhalliiim and indium alloys give two f.p. curves which intersect at 180°, and H it 
at. per cent, of thallium. There is a break near the transition point, 180°. 
Expressing the composition of the binary alloys in terms of tlie at. jrer cent, of 
indium: 

In . .100 95'SS 75-72 01-30 50 25 37-87 25-51 12-23 0 

F.p. . I.^I-O' 1,54-0° 158-0° 109-3° 216-3° 228-9° 250-5° 284 0° 301-0° 

The one curve is convex to the cone.-axis and rises steadily from the m.p. of indium 
to 180° with 44-5 at. per cent, of thallium and represents solid soln, of thallium in 
indium (cubic sjistem) with 0 to 48-5 at. per cent, of thallium. The other curve 
is concave to the conc.-axis, and represents solid soln. with from 44 5 to 100 per 
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l■™t. of thallium ; but thero is a gap in tha series between 48-5 and 56 at. pet cent, 
of thallium. Alloys with 0 to 14 5 and 56-100 at. percent, of thallium show one, 
not two, armst on tin.* coulmg curve. 


Rbfkrences. 

' A. laamy, Ann. Chim. Pkys., (3), 67. 385, 1853; (4), 3. 376, 1864; (4), 5. 410, 1865; 
K, Kiotiiaiin and K. rresHfreund, Zni. Melallkundc, 13. 19, 1921; 11. Kreinanti and 1*. voti 
KoiniiiftHhaiJR, ih., 12. 273, 1920; E. Carstanjen, Joum. prakt. Chem., (1), 101. 65, 1867; (1), 
102. 65, 129, 1867 ; N. H. Kurnakolf and N. A. Puschin, Journ. Hmn. Pht/s. Ckem. Soc., 33. 565, 
1901 ; Znl. anortj. ('hem., 30. 86, 1902; F. Doennekel, ih., 48. 186, 1900; G. I. Potronko, tb., 
50. 133, 1906 ; M. Ixivin, i 6 ., 45. 31, 1905; L. Donsky, th., 57. 206, HH)8; N. Jkar, j 6 ., 70. 369, 
1911: (\ T. (Icycockaml F. ll.Novilli*, Jovrn. ('hi m. Six'., 55.6G(), 1889; 65. 31,1894; Phil. Trann., 
189. A, 2.5, 1897 ; F. OHniond and W. C. Rolxirts-Aiistcn, tb., 179. A, 339,1888; 187. A, 417, 
1896; A. L. lk‘rn<mlU, Ann. Phystk, (4). 33. 702, 1910; Zm. KkMrochm., 15. 647, 1909; 
11. .SrlH'iuk, tfe., 15. 650, 1909; Jlariiclxick, Utber dni VrrhalUn tinujtr Legkrmujen zum 
(SfMzt' wn Wiidemaynt nnd Franz, Am lien, 1909; A«w. Phynik, (4), 32. 261, 1910; W. Crookes, 
Phtl. Ttiwh., 163. 173, 1863; Journ. Chin. Hoc., 17. 112, 1864; R..!. Chapman, Phil May., (5). 
2. 397, 1876; G. Tamniann, Zeit. anwg. ('hem., 118. 93, 1921. 

.S. Mdlnr, (%’m. Neu'o, 15. 245, 1867 ; C. 'I'. Hoycock and F. H. Novllle, Journ. Vhm. Soc., 
71. 383, 1897 ; E. CarslnnjiTi, Jmtrv. inaki. ('hvnu, (1), 101. 55, 1867; (1), 102. 65, 129, 1867 ; 
R. Kremiann and A. Eobingcr, Zat. Metallkundi', 12. 246, 1920 ; (i. Grube, Z,rit. nnorg. Chem., 46. 
7(i, I5K»5; A. von \^‘j'c.''a4l<, th., 52. 30, 1907; N. S. Knrnakoir and N. A. PiLscliin, ib., 30. 86, 
JiK)2 ; Journ. liniin. Phi/A. Chcin. Soc., 33. 565, 1901 ; C. di Caj)iin, Alii Accad. Ltncci, (5), 32. i, 
282, 1923; (5), 32. ii, 343, 1923; 1). Ornod<‘i, AlH Accad. Ftsiocrilid Siena, (4), 2. 15, 189(>; 
<’. 'r. Hoynifk and F. 11. Xevilh*, Journ. (Jhcni. Soc., 65- 31, 1894; 71. 383, 1897; A. Mattiu- 
t’sson and C. Pixjg. Ann., 122. 19, 1804; Phtl Trans., 154. H)7, 1864; A. W. tSrmlli. 
Phys. Itcv., (2), 23. 307,'1924. 

• A. Gorbnlf, Journ. liu-is. Phys. Chem. Soc., 41. 1241, PJOil; N. A. Pn^diin, ih., 32. 635. 
1900; F. M. Flawilzky, th., 37. 862, 1905; N. K. KuniakoO and N. A. Puschin, ib , 32. 830, 
1902; 83. 565, 1901 •. Znl. nnorg. (Jum., 30. 104, 19<)2; K. Pockinnnn niul 0. Liesche, xb., 89. 
171, 1914; G. 1). Hoo.s, ih., 94. 329, 358, |{1I6; Uber dw Schniclzwarme uiid die Ihldungsuarim 
nm Mdallx'rrbxmlungcn urul Uber dis Zitstnndsdiagranim dcr Ilg-Tl Lcgirrun/jin. IvCipzig, 1916; 
A. Kufheni, Zed. KUktrochem., 12. 727, 1906 ; .f. F. Spencer, th., It. 683, PM).5; V. liollimiind, 

;»/»/-«. GAf-m., 16. 23, 1894 ; T. VV. Richards and .1. If. Wilsun, ?/>., 72. 137, 1910; G.'I'ain- 
mann, tb., 3. 443, 1889 ; 'J', \V. Iliohard.s ami F. Dnniel.s, Journ. Airier, ('him. Soc., 41. 1732, 
1919; Interiint. Coiuj. App. t'Acw., 8. 552, 1912; .1. II. JliMehnintl, Joinn. Amir. Chm. Sw.. 
35. 511, 1913; .1. M. Hildebrand and K. J). ICastman, f/<., 37. 2152. 1915; T. \V. Richards 
and ('. P. Smyth, th , 44. 524. 1922 ; 46. 145.5, 1923 ; (1. N. Ix'wi.s and M. Randall, xb., 43. 233. 
1921; G. Mayr, Nuoxy) Cimnitn, (6), 19. i, 116, l!»20; P. Pavlovitsch, Journ, Puss. Phys. 
Chem. Soc., 47. 29, 1915; b. Itolla, (lazz. Chun. Ital, 45. i, 29, 1915; I). McIntosh and 
F. M. G. .loluisoii, tb., 34. 910. 1912 ; J. Uegnauld, (.'ompl. Hunl, 64. 611, 1867 ; F. Carstanjen. 
Joiiin. prakl. ('hem., (I). 102. 84. 1867 ; II. Jtesch, Tians. Faraday Soc., 6, 165,1911; K. Rome 
mann, .MvL, 7. 106, 1910; K. Borncmatm and G. voii Rauschcnplat, ib., 9. 481, 1912; G. von 
Kaiisehenplat, Pie elektrischc Leilfahtgkiit dcr Metallegiirun/jen tm jhm.sigrn Zuifandr, Halle. 
1912; W. Ramsay, Journ. ('hem. S(k., 55. 531, ISH9: W. J. Humphreys, lA., 89. 1687, 1896, 
J. Nickl^s, Journ. Pkarm. ('him., (4), 4. 127, IM66 ; W. (Vooke.s, Phtl Tian.s., 153. 173, 1863 ; 
Journ. Chem. Soc., 17. 112, 18ii4; R. H. (Jerke, Jotirn. Anier. i'kcm. Soc., 45. 2507, 1923. 
H. Feninpor, Pic. elckltische Lellfaliigkext und itinere Ileibung rerdunnhr Amdganie, Freibufp, 
1914; J. Regnauhl, ('om}>l. Rend., 64. 611. 1867; Bull Sik. ('htm., (2). 8. I<i9, 1867: F. S'dimidt, 
An«. Phynik, (4), 39. 1108, 1912: P. Pavlovitsch, Journ. Puss. Phys. Chem. Soc., 47. 25*, 11^5. 

* K. Carstanjen, Journ. prakl Chun., (1). 102. 84, 1867 : F. Doennckol, ZcU. anorg. Chem., 
48. 185, l!M)6 ; S. Kurnakoff und N. A. Puschin, th., 52. 43th HH.t7 ; Journ. Pi(s,\ Phys. Chem. 
Soc., 38. 1165, 1907. 


§ 6 . ThoUiiun Oxides 

In his oiirly observations, W. Crookes' assumed that a lli(illiiiiit siibojiide can 
he prepared, but A. Lamy could not verify its existence, and W. Crookes himself 
did not mention it later. R. Lorenz suggested that the black film which forms on 
a thallium anode in potassium nitrate or sulphate soln. is a suboxidc which, on further 
electrolysis, passes into thallic hydroxide. Thallotis uj'irfc, TLO, and Ihnilie oxide, 
TljOj, arc well-defined basic oxides; there arc in addition, an ill-defined intermediate 
oxhic thnllosic oxide, TLO-Th^Oa, or TIO, and thallic peroxide, TI 3 O 5 . In addition 
there are the hydrated compounds; Ihalloiis hydroxide, Tl(OH), i.c. TLO.HjO; 
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»u‘(afhaUi€ hydroxide, TIO.OH, i.e. TI 2 O 3 .H 2 O ; and a doubtful thaVic hydronde, 

Tl(OH):^ 01 TI 2 O 3 . 3 H 2 O. 

W. Crookes, and A. Lamy observed that tballous oxide, TI 2 O, is formed when 
thalliiiin oxidizes in air; if the oxidation occurs about dull redness, the higher oxide 
is formed. A. Lamy obtained it by heating to UK)" thallous hydroxide out of contact 
with air. Thallous oxide is a black powder. A. Lamy found that thallous oxide 
melts at about 300", forming a dark yellow liquid which rapidly attacks glass, produc¬ 
ing a silicate. W. 0. Rabe said that tliallous oxide is yellow at ordinary temp., and 
becomes dark red when lieated ; it is not melted at S70°. J. Thomsen gave for tho 
lieat of formation, (2T1, 0)—42'21 Cals. W. Crookes, and A. Lamy found that 
thallous oxide is slowly reduced when heated to redness in hydrogen ; H. Flemming 
8 ai<l tiiat, the reduction proceeds more rapidly in a stream of carbon monoxide. 
According to G. Wyrouboff, thallous oxide is slowly oxidized to thallic oxide, by air 
at ordinary tcni])., and rapidly, when heated. A. Lamy found that thallous oxide 
rapidly absorbs moisture from the air, forming yellow tliallous hydroxide; the 
oxide is also soluble in water, and in aleohol, forming, in the latter case, alcoholates. 
Thus, witli absolute ethyl alcohol, (hdllous elhoxide, (LHs-OTl, is formed as a very 
refracting li<juid of sp. gr. 3'5, wliich is decompo.sed by water into ethyl alcohol and 
thallous liydroxide. 'Phallous oxide is readily attacked by chlorine, bromine, or 
iodine, forming thallous halidi; and oxygen. Acids convert thallous oxide into 
tliallous salts. G. Ranter found that when tliallous oxide and silicon tetrachloride 
are heated to 3<)0"-37(>', thallous chloride and silica are formed; similarly with 
silicon tetratluoride. ('. Winkler found, thallous oxide is completely reduced when 
heated with magnesium. 

R. Rottger found that if thallium is kejit under water which contains air in soln., 
thallous hydroxide, TlOH, is formed, and F. Halir made the hydroxide by jiassing 
oxygen through cold w:iti*r and thallium turning.s. The li(juid is kept agitated 
•luring the passage of the gas. When the sat. soln. is further shaken, yellow 
crystals of thallous hydroxide separate, and further crystals are obtained by 
evaporation in a vacuum desiccator over ])otassiimi hydroxide. The crystals 
are then collected Iiy means of a special filter in an atm. of hydrogen, washed 
with ice-cold water and alcohol, and dric'd in liyiirogcn. The produet is free 
from lead. A. Lamy made the hydroxide by the action of water on thallous 
oxide : by the action of an eq. quantity of barium hydro.xidi^ on a soln. of thallous 
suljdiate ; and by the action of calcium hydroxide on thallium oxalate. R. de 
Forcrand obtained a good yield of the hydroxide, as a yellow crystalline powder, 
by adding to thallous etlioxiile in tho cold an equal vol. of water, and drying the 
precipitate on porous plates out of contact with air. .1. K. Willm made a cone, 
soln. of the hyilroxide by repeatedly heating thallium to 100 " and dijiping it in 
water; and G. Bredig made a colloidal solution of thallous hydroxide, by making 
an arc between thallium electrodes undiT water. 

A: Lamy stated that thallous hydroxide cry.stallizes from its aq. soln. in long 
yellow needles. According to A. Lamy, tho dri<*d hydroxide at 100", or at ordinary 
temp, ill vacuo, is transformed into black tballous oxide. F. Bahr measured the 
vap. press., p mm., of the hydroxide and biiiml: 

i 6 :r 83-2' 018 * 101 (>’ nor,’ 1222 “ uri?" 1400 ’ 

p. .13 42 73 HO I(i3 270 364 073 770 

The results are represented bylogp - log T-\ 30, whore T denotes 

K., and Q the heat of the reaction, 2T10H-■T 1204 H 2 O, whirl), from the equation 
(/(log p)ldT^—QlRT-, is U'l Cals., and from W. Nernst's equation Q=^i-blT{l-\b 
log —log p) is 15-2 Cals—J. Thomsen gave (Tl^O, iLGiiq 3*23 Cals., 

and allowing 9-65 Cals, for the vaporization of water at Wf, the heat of the reaction 
2 T 10 H=:Tl 20 +H 20 becomes 12'88 Cals., wliich is rather low. The dissociation 
temp, at 760 mm. press, is 139®. J. Thomsen gave for the heats of formation 
(2T1, 0, H20)™85‘4 Cals., and {Ti, 0, H)—56‘9 Cals.; and for the heat of soln. of 
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a mo\ in mols of water, “3*15 Cals. B. de ¥oTCTaiid gave for the heat of soln. 
of the oxirle and hydroxide in dil. hydrofluoric acid 3'117 Cals., J, Thomsen gave 
3-231 C'uls., hence, add«‘d the former, the heat of hydration is far removed from that 
of tfu! allcall iiietalH, hut tliallous hydroxide is nevertheless an equally powerful base ; 
and towards the h'ehh; acids, phenols, etc., it shows even stronger basic properties 
than the alkali iiydroxides. K. Petersen gave, for the heat of neutralization, 
TIOH,,.,, /riPl-J J.T74 Cak, and J. Thomsen, 13-84 Cals. The latter 

21'IOI{„,,,-| H..SO,,,,-Tl2SO,.,,f31'13 Cals,; and TlOHa^.+HNOsa,. 
-j M dl) Cals. h. Bahr showed that tliallous hydroxide in vacuo is 
darkened hy light, Init he was unabhi to determine the nature of the reaction. He 
alHo lueasiiri'ii the aolubihty, ,S', of the hydroxide in water and found in grams per 


where tile sp gr. are at 15 '/I '. The curve is continuous and shows no change of 
sign in the solid pliasc Tlie liydroxidc is soiiibic in aicohoi. J. E. Wiiim acodente//- 
ment ohtainoii rlionibic crystals of a iiionoliydrate, TI(0H).U,.0, free from carbon 
(lioxiile A. J,aiiiy found tlie aq. soln. to he colourless and strongly alkaline. Both 
.. Werther, and 0. h. Erilmann found that thalloiis hydroxide turns turmeric 
Imiwii and the coloration vanishes after it lias stood for some time. From the 
e eet of thallium hydroxide on the speed of hydrolysis of ethyl acetate, W, Ostwald 
inferred that it is a .strong base of the same order as potassimii, sodium, and 
lahiui'i hydroxide.s F. M. Kaoiilt gave 331 for the mol. lowering of the f.p 
W. Ostwald found the cq. l■otl,luctlvlly, A, of soln. coiitaiiiiiig a niol of the 
hydroxuli.* m c litres of water, at 2(P : 


itnit' e'" l""" I'ff'-ifitates metal hydroxides from metal .salt soln.- 

copper, /,iiic, alimiimiiiii, etc. According to F. Bahr, the aq. soln. readily absorbs 
oxygen and carhoii dioxide from tlie atm., and, consequently care is necessary 
in Its preparation ; for, as A. laiiiiy, (!. Werther, and 'F Carnelley and J Walked 
a TiZ' f O “‘Idamiiiated with carhonate. Accor.hiig to A. Laniy 

a solii. of tliallous hydroxide is oxidized to brown tliallic hydroxide by chlorine 
ydrogen peroxide, or oIIiit oxidizing agents; and paper soaked m thalloiis 
' tn zZe c' • J* - R- Sehiiiio, H. Sclirdder. C. Arnold and 

fii n! th^ t^ found soil! of thalloiis hydroxide rapidly attack glass. L. F. Hawley 
LZ Zy t ™w’'y" •'y'f'-oxide reacts with aluminium, forming fhalkZ 

tT y y^-y "tv™ “'1 ^o-workers found that with ,litre,yl chloride 

2TI.0,.;m,0 h,. kcc|,i„g',|,a.li,i„. under wide ‘ foV a JingVi lu. f i- sElV 
small quanlil ea of an insoluble yellow oMde he tL • u ycnonbem obtained 

peroxide ami thallie oxiiie, o" by Vxid,”i,m ?/I'y^roKcu 

prepared what he reaiirded as fl 0 Tl 0*or iTInl l * peroxide. W. O. Katie 

aq.‘soI... of thaIloiisM:i;^aZ wfnr fso , arm ”o/y*.7eem*™r " ‘1! Pf'‘"l;*- 

Oil beine kont in ibr? Air uor hydrogen peroxide w produced. 

TIjOaTLO+CO -Tl O +TI ril fthaorba carbon dioxide according to the equation ; 
iVa.iiaU+eOa-TI, 03 +TI,C 03 : .t becomes slowly oxidized at the ordinary temp, in 
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air {roe from carbon dioxide. When a current of oxygon ta passed over it at the ordinary 
temp., it is oxidized oonipielely to thallic oxide, which is remarkable, inasmuch as thallous 
salts are acted on only by powerful oxidizing agents. 

According to A. Larny,- molten thallium unites with oxygen with incandescence, 
forming thalUc oxide, TloOg; below a red heat, thalhc oxide is {ormed, at a red heat, 
a mixture of thallous and thallic oxides, and at a bright red heat, thallous oxide. 
He also made it by dehydrating thallic hydroxide at 30t)'^; A. Strecker, and K. ilira- 
bauni, at 100 °; and T. Carnellcy and J. Walker, at 230°-4r)0°; .1. K. Willm treated 
thallic triainminochloride with water: 2 TK'l 3 .. 3 NH 3 -l- 3 H 20 ■-ONH 4 (’l-l*TLOa. Ac¬ 
cording to W. 0. Rabe, when an alkaline sola, of a thallium .salt is treated with a .V5 
j>er cent. soln. of hydrogen peroxide, anhydrous thallic oxiile, TLO;,. separates as a 
dark brown, tloeculent preeipitate which slowly cliangcs to small, lust rous crystals of 
chocolate-brown colour. If precautions are taken to keep the temp, low and tlu^ 
pero.\ide is used in excess, the yield is almost quantitative—the excess of hydrogen 
peroxide undergoes decomposition m a catalytic manner witliout alfecting tlie 
thallic oxide. When, on the other hand, the (‘Xperiment is carried out at 80°-100° 
in strongly alkaline soln. (10 30 per cent, of potassium hydroxide), a black moditica- 
tion of the same oxide is obtained as a heavy, sandy, practically anhydrous powder. 
W. Crookes, K. Bdttgor, H. Flemming, K. Lorenz, F. Wohler, M. E. Heiberg, and 
M. Bose obtained tliallic oxide by electrolysis. This oxide i.s deposited on tlie anode 
when a neutral soln. of thallous sulphate or nitrate is electrolyzed Ix^tween })latimim 
electrodes when the ditb’renceof potential between anoile and electrolyte exceeds 
1'43 volts; if the anodic ditTerence of.potential exceeds I Hl volts, with thallous 
nitrati’, or 2'27 volts w’lth thallous sulphate, thallic hydroxide is deposited. 

Tliallic oxide usually appears as a black or brown ])ow<1«t ; ('. Lepierre obtained 
it in hexagonal plates. The black and brown oxides prepared by W.O.kabecontained 
a little (occluded) w'ater - the former U'23 per cent., Hie latter ()'73 per cent.- this 
water was lost after heating a few hours at M. Lacliaud and V. Ia*pierrc gave 
5 30 for the sji. gr. at tL this is far too low ; V. Thomas found 9 ll5-9 ‘.)9; and 
W. 0. liabi gave !) 05 for the brown oxide at 21", and lt)19 for the black oxide, 
at 22°. T. Carnelley and li. T. O'Khea gave 709° for the m.p.; and W. 0. Habe, 
720° ± 1(1° ; the last-named added tliat the m.]). has not been uneijuivocally deter¬ 
mined. sinci no containing ve.ssel lias been found to re.si.st attack by the molten 
oxide. Thallie oxide begins to give oil <ixygcn at 8(M)', and decomposes rapidly 
at 1(J(X)°. According to T. C'arnclley and J. Walker, thallic metahydroxide slowly 
loses its water at 23() ': tlie weight remains constant at 3(10’, and it slowly gives 
off oxygen up to 440'^; the weight remain.s constant betwi'i'ii 440"’ and 5(10 , ami 
tlie conqio.sition then corri’spond.s with 3TLO:}.TLO; between 0(10'' and 580°, 
oxygen is quickly e.volved and thallous oxide remains. At 810 ', oxygen is absorbed, 
forming thallic oxide ami thallous oxide is volatilized. G. Wcrtlicr ami M. K. Hei- 
berg oixserved that when thallic oxide is kept at lOO", or even at ti()'-70°, in an 
orilinary lirying oven heated by a Bunsen burner, it continues to gain in weight, 
and simultaneously undergoes reduction to tin* tliallous state. They wiye of 
Opinion that the increase of weight is due to the formation of thallous carbonate 
and sulphate, tlie sulphur coming from the gases given off by the burner. W. 0. Uabe 
found that with the ordinary oxide and tlie black oxide, no carbonate is formed, 
but a mixture of normal and acid thallous sulphates. The reduction is comparatively 
slow at 65°, but at 115° the brown oxide is comjiletely transformed into a mixture 
of the two sulphates in 468 hrs. The black is similarly, but muoh more slowly, 
converted. When the oxides are heated under such conditions that the gases from 
the burner cannot reach them, the weight remains constant. 

G. Werther found that at a red heat thallic oxide i.s reduced by liydrogen to 
thallous oxide and the metal; H. Flemming observed that carbon monoxide acts 
similarly. W. 0. Rabe said that the brown oxide is partially reduced when boiled 
with wateit but the black oxide is scarcely affected; the brown oxide is easily, 
and the black oxide is with difficulty, dissolved by dil. mineral acids. According to 
VOL. V. 2 F 
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A, Lamy, ^phuiic acid does not act in the cold on thaJlic oviVi n 
thallous sidphate and oxygen are produced; with cold liydrMht' ' '"“‘*'1 
hlonde is formed witiout the development of gas, altbou^Smal S 
reduction. E. Carstanjen found that when dry hydrogen sulphide is pmcd 
™\\\c oxide, inflammation occurs, may be witi a feeble exphaion. E. BotJl 
noted that a mixture of thallic ox/de Rnd sulphur or snt/wonysulphide exploti^^ 
iv/ze/i triturdted in a, mortar, G. Wyrouboff found that thallic oxide does uui 


■dbaovh carbon dioxide either at ordinary temp, or when iieated. E. Carstanjoi 
di.ssoJyed in hydrochloric acid the precipitate* obfaiued by adding anwionia to a 
yolit. ol thidhum salt; again added amnionia, and again dissolved tlie precipitat«* 


in ijydroeJiloric aeiti; on once more adding ammonia, a wiiite granular preeijntate 
was forni(‘({ wliitih was completely decomposed by water into thallic hydroxide. 
The precipitate is assumed to be thallic hexamminoxide, Tl2(NH3)80,<i; it can be 
waslied with alcohol, and dried at KX)'" without decomposition. WinkliT found 
thallic oxide is reduced when heated with magnesium, forming thallous oxide and 
the metal. 


A. hamy found that by treating thallosic chloride with alkali hydroxide: 
‘ 2 Tl 4 Cle-l tiKOlI ■' 6 K 01 +GT 10 i-fTl 20 a.H 2042 H 20 , the product rUO,i.lUO, 
or TIO(OII), is thallic metahydroxide —the trihydroxidc, T 1 ( 0 H) 3 , is thallic ortho- 
hydroxide. J. E. Willm found the precipitate is difficult to wash, and he made it 
by the action of alkali-lye or aq. ammonia on a hot soln. of thallic chloride ; and 
by ])assing chlorine through a mixture of a thallous salt with alkali carbonate 
or hydroxide -A. Streckcr used sodium hypochlorite in place of chloride. 

F. Schdnhi'in mad(‘ the hydroxide by the action of moi.st ozone on thallium ; 
liy jiassing ozonized air into a soln. of thallous hydroxide; by exposing thallium 
amalgam in contact with water to oxyg<*n or air; by the action of permanganic 
acid, (jr permanganate's on thallium, thallous oxide, or thallous salts ; by the action 
of hydrogen peroxieh^ on thallium but not on thallous hydroxide'— ('. We'ltzien gave* 
4Tlf4IU)., -2Tl0JI+2H.,0-| Tl 203 ,if 20 . W. Crooke's, (i. We'rther, K, Kottger, 
11. Flemming, U. Eorenz, and M. J3ose maele the hyelroxide a.s a pulveruh'nt [»oweler 
which cedlecte'd at the platinum anode during the ede'ctrolysis of neutral, amino- 
niaeial, or alkaline seiln. of thallous sulphate or nitrate*. 

Thallic me-tahydroxide is a redelish-brown powder, which, accejrdingto W.(’re)ok(*s. 
and A. Lamy, contains a mol- i.e. .‘k 8 per ccnt.- eif water, TUO^.ILO, whe-n elrie'el 
at KM)" ; A. Stre*e‘ker saiel that ()‘37 ])er cent, eef water is pre'sent; while K. Kirnhaum 
said that tin* oxide elrie'dat 100", and ti. Wertlmr theoxide elried at 115", i.s free from 
water. T. ('arnelley and J. Walker said tliat the oxide is dehyelrated com])letely at 
230"; W. 0. Kabe, at 500". U. Werther added that even at GO" to 70" tlie hydroxide 
is partially reelucod te) thallous hydroxide, and it then re'adily absorbs carbon dioxiele* 
from the air. R. J. Meyer found that the freshly preeijiitated hydroxide is partially 
deliydrateel when boileel with the mother lirpiid ; the product is darker in colour, 
settles rapidly, and contains 1 per cent, of water. According to ,1. 'rinunsen, the 
heat of formation is {2T1, 30, SlUO)—86-34 (’als.; (TKO, 0^, -If'l : 

and (TIOII, 0, H..0)---20'4 (.'als. Metathallic hydroxide is but sparingly soluble in 
water; the solubility product was found by R. Abegg and J. F. 8 pei'cer to be 
at 25". F. tSchonbein found hydrogen peroxide is reduced by the metahydroxide, 
provided, said ts Weltzien, and J. E. Willm, hydrochloric acid be present. A. Lamy 
found that precipitated metathallic hydroxide dissolves in hydrochloric, sulphuric, 
and other acids; while the dried product dissolves in hydrochloric acid with the 
evolution of chlorine, and in sulphuric acid with the evolution of oxygen; J. E. Willm, 
and A. Strecker found that sulphur dioxide converts it into thallous 8 ul})hate ; 
arsenious oxide, into thallous arsenate, TI 3 A 8 O 4 ; oxalic acid docs not reduce the 
hydroxide in the cold, but when heated reduction is complete; and tartaric acid 
reduces it with the evolution of carbon dioxide and the formation of thallous tartrate 


and formate. According to G. Werther, metathallic hydroxide does not dissolve 
in alkali-lye, nor is it decomposed by that liquid. J. E. Willm found that the 
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lydroxidc is soluble in a hot cone. soln. of ammonium chloride, and ammonia is 
it the same time evolved. 

According to D. (Carnegie, molten potassium hydroxide dissolves small quantities 
thallic oxide, and the resulting yellow mass when treated with water yields a 
reddish-brown precipitate of the hydrated thallic oxide. If, however, the fusion 
s continued for some time, a mass of very light, glistening, microscopic, hexagonal 
plates of thallic hydroxide, Tl(OH);j, or Tl^O^.^H^O, is produced. The crystals 
are brown in colour but transmit yellow light; they are not changed at 340", and 
are readily soluble in dil. hydrochloric and sulphuric acids, but generally a slight 
reduction to thallous salt takes place. The formula was based on a determination 
of the contained thallium. H. Marshall stated that the brown precipitate obtained 
by the hydrolysis of thallic sulphate i.s thallic hydroxide, 'ri(OH);j. 

.Vccording to E. Carstanjen, when chlorine is passed into a cone. stdn. of potassium 
hydroxide in which metathallic Jiy(!roxid(? is suspended, an intense violet-red colora¬ 
tion ajipcars and which is assumed to be due to the formation of potassiuui thall&t6. 
The soln. can be evaporated without decomposition, diluted, and liltered. Aculs 
convert it into thallous salt with the evolution of oxygen ; with hy<lrochlorie acid, 
chlorine is eA’oIved. A. Eiocini found that a .similar licpiKl i.s formed whim thallium 
hydroxide is submitted to electrolysis, using a plate of thallium as an electrode, as 
also on adding potassium hypochlorite to a (piarter of its weight of caustic potash 
to which the thallium sulphate is subse<juently added. On digesting the wliole and 
adding barium nitrate, a violet precipitate is liiially obtained. The results of analyses 
made to det(‘rminc the relation between thallium and barium in tins preci)ntate 
led to iliscordant re.sults. but sullieient evidence was atlorded to point to a formula, 
TIO 2 , for the oxide of thallium. The isolation of tins o.xide brings out a further point 
of analogy of the thallium <‘oinpuunds to those of lead. E. Lep.sius slated that the 
violet coloration is not ilue to the formation of a higher oxide of tiiallium, but 
rather due to the presence (d a .small amount of manganese, as impurity in the 
reagents emidoyed. (1. (billo and (1. (Vnni found that when a soln. of thalhnis 
sulphate, slightly acidifieil with sulphuric acid, is electrolyze<l, the whole of the 
thallium is deposited on t he anode tn t he form of an o.xide, which is not- the ses(|uioxule 
as IS gemTally supposed, but which, when dried at has a composition 

corresponding with ' 11 , f.»tmplex of thallium dioxide, Tl;.()3.'n02, possibly 

<):'n.O.Tl.().Tl:() 

i) 

With hydrochloric acid, chlorine is evolved and Tl(1:{.3Tl(1 is formed; presumably 
the o.xide decomposes: tiTl,,()r, -3'rLO;{ fbTloU i 1UL- From the position of 
thallium between mercutyainlleailin the periodn- system, the existence of a peroxi«le 
of thallium is not surprising -both lead and mercury peroxide.s have been rejiorted. 
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§ 7. Thallium Fluorides 

F. Kuhiniaiini found that metallic thallium is slowly attacked by hydrofluoric 
acid, forrniug tliallous Huoride, but the reaction is far too slow to be iiseful in the 
preparation of thiscompouiul. J. (Jeweeke, liowever, used this ])roccs8 and he heated 
the metal witli 40 per cent, hydrotliioric acid in a platinum dish. E. H. Buchner 
prepare<! thallous fluoride» TIE, by dissolving tlmllous carbonate in dil. hydrofluoric 
acid; E. i\‘terseu m'utralizcd tlmllous liydroxide with hydrofluoric acid; and 
J. (leweeke, and F. Ephraim and P. Barteezko dissolved thallium sulpliide in the 
same acid. 

Metallic Ihallinni was dissolved in dil. sulphurii! arid, and the soln. treate<l with hydrogen 
sulphide. 'I'he soln. wiw liltoreil from tlio |)roci[)itated lead sulplude, made alkaline with 
ammonia, and again treated with hydrogen Huljihido ho us to pre<-ipitute thallous sulphide. 
The sulphide was liltei'od otT, thoroughly washed, ami treated with hyilrolluoric acid. A 
brown resuluo may apfMMir but tliis also dissolves in the acid on warming “excepting a Utile 
insoluhlo sulphur. 'I’he cone, of the soln. by evaporation furnishes wliilo crystals of thallous 
Ihioride. 

11. L. Wells and H. W. Foote treated a soln. of thallous 8ul})hate with an excess of 
hydrofluoric acid. The atp soln. of thallous fluoride on cooling furnished F. Kuhl- 
mann, and J. E. Willm witli deliquescent rhombic or hexagonal plates which rapidly 
attack glass, and wliieli jmdt and volatilize when heated. These crystals arc said 
to be either monoh.vdrated thaUous fluoride, TlF.lJ. 2 O, or hemihydrated thallous 
fluoride, TlF.JH. 2 O. 

'Die evaporation of the soln. of thallous fluoride on a water-batli, or at ordinary 
temj)., furnislies colourless octaliedra! crystals of the anhydrous salt. E. H. Buchner 
found tlmt KH) parts of water at 15'^ dissolve 80 parts of the salt; the solubility 
increases with a rise of temp. The aq. soln. has an acid reaction. K. Ja^it found 
the .sp. ht. of soln. witli N eq. of thallous fluoride per litre to be 

N , . . 0-5 1 0 2-0 3-0 4-0 

ap. ht. . . 0-9485 0-8881 0-8021 0-7312 0-0712 

E. Fraiiko, and F. Kohlrausch and H. von Stcinwehr have measured the electrical 
conductivity of a(i. soln. of thallous fluoride. The equivalent conductivity in 
reciprocal ohms at 25°, is, according to E. Franke, 115'9 when v=32; 120‘6 for 
v=^U; 123-7 for tJ-128; 126-2 for t?=-2r)6; 128-1 for v=5I2; and 1301 for 
v -1024. A. Heydweiller gave the sp. gr. and conductivity of soln. of thallous 
fluoride. A. A. Noyes and K. G. Falk found the percentage ionization of soln. 
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with 5,10, 20, and 50 millieq. of the salt per litre to be respectively 9C)‘l, 93‘6,90 8, 
and 86‘5. The salt is sparingly soluble in alcohol; and, according to (1. Clore, 
insoluble in liquid ammonia. Thallous fluoride melts and partially volatilizes when 
heated, and a colourless crystalline mass remains when the molten suit is cooled ; 
it can be distilled in a current of steam. H, von Wartenberg and 0. Hosse found 
the vap. press, of thallous fluoride to be 431 mm. at 282’, 587 mm. at 292^’, and 753 
mm. at 298'\ The b.p. is therefore near 298®. The vap. press., p, at T'’ K. 
i.s represented by log p---25ir)2/4r)7l2^9-G39. K. Petersen gave for the heat 
of formation : TlOH 1 -HF - TlFd-lLO-f I6'44 Cals. When the salt is e.\posed to 
sunlight it is coloured violet or black; but it can be kept expired to the air in 
darkness without ehange. 

K. H. Buchner evaporated over sulphuric aci^l a soln. of thallous fluoride in an 
excess of hydrofluoric acid, ainl obtained octahedral crystals of thallous hydro- 
fiuoride, TIRHF. The crystals are stable in air, up to KKP, hut above this tenq). 
they deeompose into hydrogen and tliallous fluorides. E. Petersen gave 
TlFu.j. fUFa,,.-TlK.HF,i,,_-0-583 Cal. The crystals dissolve in an eipial weight 
of water, forming a soln. with an acid reaction. Thallous fluornb* forms donbl*' 
salts with a number of metal fluorides. For example, P. Barteezko [>repared 
thftUottS 6llll6afluoaluQiinat6, 3TIF.2.\IF:), by dropping a cone. soln. of thallous 
fluoride into a soln. of aluminium fluoride. Tlx* (loubh' salt separates out as a 
white crystalline precipitate. Il(‘ also stated that no otluT double fluoride of 
thallium cun be pnqiared by jneeipitation. The salt is slowly dtH'onqiosed by 
sodium carbonate, and this is taken to imlicate the ])r(‘senc(‘ of a comjilex compound. 
.1, Ibulot evaporated to dryness a soln. of thallium m hot dil. hydrofluone acid, ami 
obtained thaUiuiH dihydrofiuoridfi, ILTIF^, wliicK crystallizes from wati-r in whiti; 
elongated prisms ; when heated, hydrogen fluoride is given olT; the aq. soln. reacts 
acid, but does not attack glass sincc^ the fluorine is inask(‘d. It is regarded as a 
complex acid, bydrotrifluotballous acid, which forms two types of salt.^. potassium 
hydrothfluothaUite, KIITIF,, and potassium trifluothaUito, K.^TIF^. 

H. Moissan found tliat fluorine acts on imjtallic thallium, forming what has 
in-eii stated to be thldUc fliuotide, TIF^, the reaction proceeds so vigorously that the 
metal melts and becomc.s red hot, but it is open to doubt if thallic fluoride 1ms been 
isolated. According to J. E. Willin, when cone. )iv<irofluorie acid acts on freshly 
|iri'cipitated thallous hydroxide, a dark olive-green substance in.solulde in water 
and in eold hydrochloric acid is formed, and similarly, when thallic nitrate is treatiul 
witli liy<lrofluoric acid. When the product is warmed, it turns brown and melts 
to an orange liquid, which solidifies on cooling to a white mass ; if heated still more, 
thallous fluoriile sublimes. J. K. AVillin’s product, said J. (Jeweeke, is not thallic 
fluoride, but rather thallicoxyfluoride, TI()F, and f<tr the preparation of tliis com¬ 
pound he recommended a })rocess similar to tliat employed by ,1. E. Willm. 
Tliallium 8e.squioxide is scarcely affectoil by standing for a long time in contact with 
hydrofluoric acid, and the product of the action has not a uniform composition ; 
thallic chloride is almost insoluble in hydrofluoric acid, and it forms a white jiowder 
the composition of which has not been investigated; thallic cliloride with silver 
fluoride in aq. soln. forms silver ehloride and thallic hydroxide ; if a 4l) per cent.. 
soln. of liydrofiuoric acid he used, thallic oxyfluoridc is formed. When dried 
thallium ses<piioxide is heated with potassium hydrogen fluoride, and extracted 
with anhydrous hydrofluoric acid, white potassium beptafluodithaUate, KF. 2 TIF 3 * 
IS formcil, which is extremely sensitive to the presence of moisture; for it is 
immediately decomposed by water becoming brown, giving off hydrogen fluoride,, 
and forming thallic hydroxide. 
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§ 8. Thallium Chlorides 

'rhallium forms at least four chlorides with the empirical composition—TlCl, 
Timely, Tl(d 2 , and Tl()l;[. A. Larny i prepared thallium monochloride, orthallous 
chloride, TllJl, by adding hydrochloric; acid or a soluble chloride to a soln. of a 
thallous salt. M. JfebbcTbng made it by rc'ducing a hydrochloric acid soln. of a 
thallic salt with sulpliur dioxide; and K. Carstanjen used stannous chloride as 
reducing agent. ,1. Kausmann also prejiared the salt suspended in gelatine jelly. 
F. Kphraim and P. Barleczko precipitated thallous cdiloride by tin* addition of 
hydrochloric acid to a soln. of thallium sulphate. 

Precipitated thallous chloride is a wliite curdy mass which becomes more 
compact on standing; it crystallizes from hot soln. in cula's and octahedra. 
\V. P. Davey found the, X-radiogram of thallous chlori<lc shows the crystal unit 
is a body-centr<*d cube with side .'V8.o A., and the closest approach of thi* atoms is 
‘V3l A. H. (lossner obtaiinal crystal skeletons from hot potassium hydroxide and 
sodium sul[)hate soln.; and M. (■arstanjen, cubic crystals from Iiot sodium 
carbonate soln. The crystals, said W. Stortenbeker, are. isomorphons with potassium 
chloride. W. V. Davey and P. (r. Wick found the X-radiogram of thallous chloride, 
like that of ciosium chloride, corr»*Hponds with a simple culie lattice (d side S'Bf) A. 
According to M. llebberling, the wliite chloride soon becomes violet when exposed 
to light; the elfect is said to occur only when impurities— lead or silver chlorides— 
are present, for tlie purified suit remains white after a ])rolong('d exjiosure to light. 
K. Stolzenberg and M. K. Hath found that molten thallium chloride, imp. 407', 
becomes anisotropic on cooling, but (!. Tubandt and K. Lorenz’s work make it 
probable that the elTeet is due to the presence of impurities. U. Lorenz and 
W. Eitel did not gel optically clear crystals of thallous chloride free from “fog” 
—vide lead chloride. J. K. Willm giv(‘s the sp. gr. of the solid after fusion as 
7‘(X); and A. Ijamy as 702. K. A. Ifenglein .studied tlie mol. vol. of thallous 
halides. W. Biltz found the lattice energy of thallous chloride to be 193 Cals, per 
mol. T. W. Kiehards and ft. Jones gavi* the coeff. of compressibility as 1: 7 X111“*^ 
per atm. S. Motyh.;wsky found the drop-weight is ic -149 (referred to water at 
0'’.;'-UKt), the capillary constant cr- 0 07(3ic; and .sp. cohesion a-—2/D, where J) is 
t he H}). gr. at the m.p. 

The reported numliers for the m.p. of thallous cliloride vary from K. Korrong’s*’ 
435'^ to T. Oarnelley and W. C. Williams’ 451". V. Sandonnini gave 429 ‘; H. von 
Wartenberg and 0. Hosse, 430"; W. Hampe, 427' ; and K. Mdnkemeyer, 426'’’. 
The best representative value may be tak(*n as 430*. F. A. Hengloin found that 
the mol. vols. of the chlorides of thallium, copper, and silver gave a straight line 
when plotted against mimbers corresponding with anions or cations, E. Carstanjen 
said the yellow molten chloride solidifies, on cooling, to a translucent wliite mass 
which can be cut wdth ditbculty with a knife: and M. Hebborling, to a brown 
crystalline mass which soon became white. The b.p. of thallous chloride, according 
to T. Canielley and W. C. Williams, lies between 708° and 719® when measured 
with the pyrometer in the vap. and 719° to 731" when in the liquid. H. von 
Wartenberg and O.Bosse found the va}>. press., p, at 065® to be 129*6 mm.; at 713®, 
253*8 mm.; at 760®, 4425 mm.; at 791°, 653*6 mm.; and at 807®, 767*4 mm.; the 
results at the absolute temp., T, are represented by logp--- 25108/4*571T-f5*093 
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and the b.p. is 806“. The vap. density between 837“ and 1026“ was found by 
H. E. Roscoe to agree with that calculated for the formula TlOl, and E. Beckmann 
obtained the same mol. formula from its effect on the f.p. of mercuric chloride. 
(1. I). Roos gave 16'5 cals, per gram for the heat of fusion. According to 
J.Thom.sen, the heat of formation isTl+fd--TR'l f lS G C'ais.—M. de K. Thompsoiv 
< alculat{'d 437 (’als from tlie solubility. .1. 0. IVrrine observed no Huoreseence 
with thallous chloride in X-rays. The fu.sed salt was found by W. Hampc t-o 
1)0 a good eh'ctrolvte. Tlie photochemistry of thalhms chloride has been 
studied by Rtmz, from whieli it appears that under water, hydrocldoric 
acid, ammonia, ethylamine, ethyl alcohol, glycerol, toluene, xylene, or jiyridine, 
a darkening occurs, and the thallous chloride passes through various shades 
of greyi.sh-brown to blackish-brown. This is attributed to the fnrmation of 
thallous pliotochlonilr, and thallo.sothallic chloride. A. Benrath found thallous 
chloride, whether drv or under water, is changed by light to a brown sulistanee, 
po.ssiblv TlCl_j.3Tl(-'l. \V. \V. Coblentz and -1. F. Kekford measured the )>hnto- 
electric .sensitivity of thallous chloride. ('. Sandonnini gives the electrieal 
eonductivity of fused thallium eliloride at 429' as 1224 reciprocal ohms. The 
c(j. conductivity of soln. at 23“ w’lth a gram-molecule of the salt in r litres of 
water w'as found hy K. Franke to he 139 6 reeiprcica} ohms for v 128; l-b'VI for 
>' 23ti; and tl.') ! for e--.3l2. (1. .Tones and W. F. Schumb measured the eon- 
ductivitv of soln. of thallous chloride. A. A. Noyes and G. Abbot calculated (be 
degree of iruii/ation of thalhms chloride in aq. .soln. at 2975 ’ to he iSlV.5 to 8(V() per 
cent. I.ord Berkeley found the ratio of the osmotic press., V atm., and the inol. 
cone., r, to be 570 when the value ealeulated from the dil. soln. law is about .31. 
'I'he eleetrieal eomluetivity of aq. soln. has been also investigated by F. Koblrauseli 
and M. F. Maltby. K. Kohlrauseh's value for tlie sp. conductivity of a sat. aq. soln. 
at bS IS 1511 X 10'^ reciprocal ohms per cm. cube ; and at 25 ,2176 X H) reeijirocal 
ohms. ,1 F. (Jhosli measuriMl the s|). condiietivitv./t, of fused thallous chloride 
and fmind 0 ()(H«)5 at 52.3'’ K.: 0 l)()(l2t at 573' K.01«)090 at 623 ’ K.; 0 (0.370 a(: 
tt73’ K.; and 0 (KHUOat 694' K. A. A. Noyes and K. (J. Falk found the percentage 
ionization of .sdln. with 4,5, and 10 rnillieq. per litre to be respectively 97'<), 91'2, and 
91-5 A. A. Noyes ha.s measured the ejfeet of (‘adinium suljihatc on liie condnetivity 
(tf aq soln’. of thallous chloride ; G. N. Lewis and M. Randall measured the activity 
coelT : and K. Klemensiewicz, the condudivily of .soln. of thallous chloride in 
antimony trichloride. G. von llevesy found the ratio of the conductivities above 
ami below the m.p. to be 160, and he ealeulated that the gain of energy reqnireil to 
render the ions of the crystal neutral is 44 cals. The greater this energy liie smaller 
the tendency of the lattice to be loosened witli rise of temp. \V. Si'bmidt gave .‘10 
for the dielectric constant. G. Tammann measured the potential of fused thallous 
chloride with magnesium, manganese, or alnmininm. 

3'he. solubility of thallous chloride in cold water is relatively small, but it rapidly 
morcases as tlie temp. rUes. The. thallous halides, like the silver halides, an- jire- 
(upitated by the halogen acids, but, like the lead halides, they are ajipreeiably soluble 
in water. J.solatod observations on the solubility have been made by W. (Irookes,-* 
A. Lamy, A. E. Hill, G. N. Lewis and C. 1^. von Ende, G. .Tones and \V. (J. Scliumb, 
M. llebberling, A. A. Noyes and (L Abbot, W. Hottger, G. Gcjfeken, and F. Kohl- 
raiiscli; series of mea.surements have been made by A. A. Noyes, and the Earl of 
Berkeley; while A. A. Noyes and G. Abbot, ami G. Geffcken have measured the 
influence of other salts on the solubility of thallous chloride. The, best representative, 
values by interpolation of all but the Earl of Berkeley’s data give for the solubility 
N of thallous chloride in grams per 100 c.c. are : 


0* lU’ 20’ 25’ H(l’ 

•V . . 0-21 0'2.'> 0-.33 0-3!) 0-42 

40’ 

0-52 

50 ’ 

0-G3 

«()' SO* 

0-80 1-20 

100’ 

1-80 

The Earl of Berkeley’s values are : 





S . . 017 0‘24 0-34 0-40 0’4« 

0-GO 

0-80 

1-02 1-60 

2-41 
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the last value refers to 99T. The solid phase through the whole range k ik- 
anhydrous chloride. A. Lumy, and A. Ditto found that the solubility is depressoil 
by t/n; prownce of hfdmehlofk acid, and this the more the greater the cone, of the 
acid : coiisc(j(i('i}(I/, a« M. Hebberliug noted, the salt is precipitated from aq. soln. 
by the addition of hydrochloric acid ; and, as A. Ditte noted, the salt is virtually 
iimolnble in tlie cone. acid. A. A. Noyes found at 25°, the solubility of thallous 
cfdonde fell from .“i'SOl grms. per litre to 2'0()2 grms. when 1'032 grnis. of hydro¬ 
chloric acid, HOI, were j>re 8 ent, and to V353 and 0-757 grms. when respectively 
2'l)i3 ami 5'.‘157 gnus, of HOI were present. A. K. Hill and J. P. Simmons 
HKiasured the solul)ility and sp. gr. of soln. of thallous chloride in mtric acid. 
Kxprcs.sing the results, S, in grams per litre at 25°: 


. 0 0*4977 

.S’ .' . rrWM 

Si). KI*. . 0’9im 1()1S4 


1*0040 2*04.52 

0-8H2 8*143 

1*0359 1-0705 


For acedc acid, A. E. Hill gave: 

N-CH^tUlOH . 0 00501 00958 0*203 

S . ' . . 3*8515 3*8375 3*8320 3*7503 


4*0170 

9*925 

1*1302 


0*521 
3 0539 


A. Laniy reported that tliallou.s chloride is insoluble in alcohol; A. Naumann, 
tliat it is sparingly Holu])le in aceloiie; and A. Naumann and J. Schroder, that 
it is insoluble in pyridine. 

K<*rn*!ml)orin'.< that a litre of walei* iUssoIvch .S’-:00U)12 inol of thallous chloride at 
25®, and cxprossniK soluhiUties and proport ions of salt in inols per litre at 25®, and selociing 
extremo terms of parlicnlar series of measurements, (J. (lelTcken found that with 0*5 and 
2*0 niols of niH/HoaiMW nUraU' per litre the soluhihly, 8'.elianged to 0*0258 and to 0*03960 
ros|M‘<-tively ; with 0*5 and 3*(t mols of lahium nitratr, S ehange<l to 0*0242 ami 0*04438 ; 
with 0*5 mol of jMlOHkuin rhhride, S changed to 0*0237 ; with 0*5 and 2*0 mots of potassium 
nitratr, S changed to 0*0257 and 0*03!H) ; with 0*5 an<l 4*0 mols of sodium nitrntr, k changed 
to 0*02504 and 0*05128 ; and uit h 0*5 and 4*t) mols of sodium rhlonde, iS' changeii to 0*02320 
aiul t)*0385t). A. A. Noyes fouinl with 0*0283 and t)*14t)8 mol of barium chloride, S changed 
to 0*00857 and 0*t)0.'t23 ; with t) 030 and 0*1574 mol of cadmium sulphate, »S' changed to 
0*0200 ami 0*0309; with 0*015 and 0*1574 mol of sodium aertaO', S changed to 0*0168 
and t)*019l>: witli 0*0283 and 0*1468 mol of thallous nUiati', S changed to 0*0t)S3 and 
0*00332; with t)*02H3 and 0*t)5ti(t mol of thallous sulphate, S vhunf'oA to 0«008H6 and 
0*00024 ; with a sat. soln. oithallouslhu)cijan<ar, .S'changed to 0*0119 ; with 0*025 ami 0*2 mol 
of ammonium or hydroyrn chlotidc, S changi'd to 0*00873 and to 0 0t>202 ; with 0*025 and 
0*20 mol of cupric or calcium chloride, S cliaugetl to 0*00902 and 0*00287 ; with 0*026 
and 0*20 mol of manganous or magnesium chloride, S changed to t)*0(MMH am! 0*0(t278; W’lth 
t>*025 and 0’2tt mol of potassium or .sodium chloride, S <*hangod to ()*00871 and 0 (t0208 ; 
with 0*025 and 0*10 mol of thallous chlorate nr nitrate,, S changed to 0*00889 and t>*00423 , 
with 0*25 and 0*20 mol of zoic chloride, .S ehangetl to 0*00899 and 0 t)028l ; and with 0*025 
and <1*20 mol of cadmium chloride, S changeil to (t*0l04 ami <t*t>0427 respectively. A. A. Noyes 
and (». Abbot, working at 39*75®, found that with 0*01507 mol of thallous bromalc, S changed 
to 0*019.59 ; and with 0*02149 mol of thallous thiocyanate, Nehangeil to 0*01807. W, 0. Bray 
and W. .f. WinninghotT found that with 20 and 300 millioq. of potassium sulphate per 
litre, the solubility rose from 0*01007 for water to 0*01779 and to 0*02000 i*eK(>eetively. 
J. F, Speneer and M. lo IMa found that the presence of potassium carbonate also augment'^ 
the solubility of thallous chloride at 25® water alone dissolves 3*80 grn.s. of thallous 
chloride per litre, but with a 5A'-soln. of potassium carlxmate, 21*84 grms. of thallous ehloriclo 
are dissolved. 

According to V. Thomas,*'’ dried litpiid chlorine has virtually no action on dry 
thallous chloride; but if this salt be heated in a stream of dry chlorine, A. Lamy 
fountl that TLCli, or TICI 2 , is formed; and if the thallous chloride be suspended in 
water, TI 2 CI 3 is first formed, and later TR'l^ is produced. G. Werther found that aqua 
regia converts thallous chloride into Tb/ls, or TI^Clj, but J. E. Willm added that with 
a very prolonged action, thallium tricliloridc is formed. According to J. E. Willm, 
a hydrochloric acid soln. of thallous chloride is oxidized to thalUc chloride by 
potassium permanganate. V. Thomas also found that bromine converts thallous 
chloride into a series of broinochlorides. A. Lamy found that hot sulphuric acid 
converts thallous chloride into thallous sulphate, and fused sodium hydrosulphate 
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i?(I(»cts the same conversion very readily, and J. Krause made the same remarks 
:-oncerning a boiling solu. of sodium sulphate of sp. gr. 1'02 to 1’04, but R. Nietzkl 
contested the accuracy of J. Krause’s statement. A. Lamy says thallous chloride 
IS virtually insoluble in aip ammonia, and that hot potash-lye partially decomposes 
thallous cliloride, but on cooling, the salt is for the most part re-formed. Thallous 
chloride docs not absorb ammonia at ordinarj’ temp., but in li<iuid ammonia, W. Biltz 
ami W. StoUenwerk found that thalloos triamminochloride, Tl(’ 1 . 3 Nil 3 , is formed. 
Similarly also with thallous bromide and iodide. The vap. press, of all tliree salts 
are very near that of ammonia itself. The solubility of the triaminines in liquid 
dtuuKuua increases with rise of temp., and witli the at. wt. of tin* halogen. The heat 
of formation for tlie ammino is about 71 Cals, for eucli mol of ammonia; and it 
dissociates at —bll" under UK) mm. press. No lower ammine was observed. 
W. Hiltz, and J. Clark made some observations on this subject. 

A. Cossa found aluminium precipitates metallic thallium from soln. of thallous 
chloride at ; magnesium acts similarly, and a mixture of dry thallous chloride 
with magnesium powilor at a red heat was found by K. Seuberf and A. Sehniidt 
to form magnesium chloride, ami metallic thallium witliout bi'coming iiioaudescent. 
A. (i. Page, and V. Thomas used the thallium chlorides a.s catalytic agents for 
stimulating the chlorination of organic compounds. Benratli found that thallous 
<‘hloridc is reduced to metal by oxalic, tartaric, and citric aciil^; more easily than 
the bromide, ami .still more j‘a.silv than the iodide. Thallic iialides are more 
easily reduced than thallou.'* salts. 

Thallous chloride forms a number of <loubl<' salts willi other metal cliloridcs,*^ 
but no <lcfinito compounds of tliallous chloride and t!i(‘ alkali chlorides liavi* been 
juepared. Samloimini and P. C. Aureggi found that hlhiuvi nn<{ thallouftchlontlfH 
are compicti'ly miscible when fuseil; then* is a (Mitectic at 342’ corn'spomling witli 
02 molar per cent of thallous chlorhle and no mixed crystals arc formed. There is 
a cutectie at 412 ’ in the system ; aodium <ni<{ llialhuu) c/i/onV/c.s. corresponding with 
about 8.0 molar per cent, of the latter component. The two chlorides are i)rol)abIy 
not miscilile in the solid .state. Potossiuni and lhall(>u}< chloridc.s are niiscil)le in all 
proportions in the .solid ami liquid states; and ruhidtum, and Ihalloun rhiondcs 
are completely miscil)!c witliin very wi<lc limits; c/r-’ivan and thnJhm r/iJortdr.s 
behave similarly. K. II. Ducloux said that a double salt is formed with ciesium 
chloride. 

B. Korreng found that the f.p. curve of the binary .sy.stem Cut’l—TK'l gave 
indications of the formation of a double salt (.fthallOUSCUprousChloride. Aecording 
to (’. .Sandonnini and P. C'. Aureggi, the f.p. curve of thallous and silver ehlorhles 
indicates the existence of silver thallous Chlotide, 2Ag(-TTl(.’l, which is shown by a 
br(*ak in the curve at 2.'32'’—tlie compound di'coinposes on m<*lting ami there is a 
eutectic at 2l(P corresponding with 41 molar percent, of thallous chloride. 
0. Sandonnini has studied thi* electrical conductivities of solidifieil mixtures of these 
two salts, and he, found the isotherm at 200 " gives a maximum corre 8 ))onding with t he 
(mtectic mixture. E. Carstanjen, and AV. (Tookes obtained iu.strous yellow crystals 
(d thallous chloroaurate, TIAUCI 4 , by adding gold chloride to a liot aq. soln. of 
thallous chloride. The crystals are but .slightly soluble m wati*r. ami wlicn calcined 
give an alloy of thallium and gold. 

In the thermal study of the binary system- inirium and thallous chlorides —T. Lic- 
bisch and B. Korreng found no sign of the formation of a comjwmnd ; while with 
*he systems TlCl—CaCla and TKJl-SrClgjK- Korreng found that double salts were 
formed, namely, thallous calcium chloride, TlCl.CaCl 2 , melting at 683"; and thallous 
strontium chloride, TlCl.SrCIg melting at 569 ’. Similarly, with magnesium, zinc, 
and cadmium chlorides, T. Liebisch and B. Korreng found that thallous chloride 
formed compounds : thallous magnesium chloride, TlCl-MgCl^, melting at 499°; 
thallous zinc chlorides, 2 TlCl.ZnCi 2 , melting at 352°, and TlC 1 . 2 Zn{'l 2 . melting at 
226°; and thaUous Muimium chloride, TICLCdCIj, melting at 436°—C. Sandonnini 
gives 426°—there are here eutectics at 259° and 4(XP with re^jHiCtively 27 and 66 
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moiar /xt cent, of ca(imium chloride. He also studied the electrical coaductivitu 
of the mixed salts at different temp. C. Sandonnini found that binary mixtu^p,^ 
of thalloiis and merourio chlorides gave a f.p. curve indicating the formation of tw(j 
ihallous mercuric chlorides, namely, TlCl.HgCl 2 , melting at 224“", and 4 T 101 .HgCl 2 , 
which probably decomposes when fused, and is formed at about 250°. Both com¬ 
pounds form .solid soln. with each other and with the simple salts between wide 
limits. The eutectics at 183° and 205° correspond respectively with 64 and 32 
molar jjcr cent, of mercuric chloride. The first-named mercuric compound, 
Tl(!l.FrgCl 2 , was obtained by E. (’arstanjen in long needles by cooling a hot soln 
of thallous and mercuric chlorides. The compound is volatilized more easily than 
thallous chloride, and it colours the flame intensely green. The air-dried salt wa.s 
found by S. M. Jorgensen to be anhydrou.s, and it loses traces of mercuric chloride 
at 120°-130’, and within two <lays, at 200°, all the mercury salt is lost. When 
lioiled with water and zinc all the thallium and mercury mt precipitated. 
.1. Kendall and co-workers madi; thallous tetrachloroalununate, TICI.AICI 3 , melt¬ 
ing at 297°, and thallous heptachloroaluminate, Tl( 3 . 2 A 10 l 3 . 

According to J. E. Willm,*^ an aq. soln. of thallic chloride or thallium trichloride, 
TlCtj, can be prepared by treating an aq. soln. of thallous chloride with chlorine. 
(5. Werther tr(;ated thallous ebloride susponde<l in water with chlorine until all had 
dis.solv(*d. A soln.-of thallic chloride is also made by treating thallous chloride 
with aqua regia; or by dissolving in water the product of the action of chlorine 
on lieate‘l thallous chloride and precipitating thallic hydroxide by the addition of 
}K)taasium hydroxide. 'L'he washed precijiitate, is then dissolved in cold hydro¬ 
chloric acid. ( 1 . Renz obtained thallic hydroxide by warming thallous hydroxiile 
or carbonate with sodium hypochlorite, ami also dissolved the washinl product in 
cohl hydrochloric acid. 

(t. Werther i)a 8 sed ehlorine into water with thallium or thallous chloride in 
suspension until the soln. no longer gave a turbidity with hydrochloroplatinie acid ; 
the excess of chlorine was removed by a current of carbon dioxide; and the soln. 
evaporHt(Ml in vacuo. Colourless prisms of monohydrated thallic ChloridC, 
TUT^.ILO, were formed. 8 . Cushman could not establish K. J. Meyer’s and 
( 1 . Werther’s claims to have made monohydrated thallic chloride. A. S. (hi.shnian, 
however, do«‘S agree that tmi' of the four mols. of water in tetrahydrated thallic 
chloride is dilfiTcnlly related to thallic chloride from the other tlirei;, and he r\- 
presses his liypothesis by tlic symbols: 


H 

{^>0 -Cl -0 -’ll 

H 


Cl .()<] 

ci-oc 


'riio full saturation value ()f mols. of the type MCI 3 for water is six, as exemplified 
by alumiuium, iron, etc. No thallic chloride with six mols. of water has been 
isolated. (1. Werther also reported TICI^.TJILO, but this has not been conHrme<l. 
According to R. J. Meyer, the monoliydrated salt is obtained only when the soln., 
not too cone., is evaporated in the desiccator; if the soln. he in the least supor- 
aaturati'd or undercooled the tetrahydrated salt is formed. The monohydrated 
salt is also formed by the hydration of the tetrahydrated salt at 55°. If the tetra¬ 
hydrated salt be confined in a dosiei^ator over potassium hydroxide, sulphuric acid, 
or phosphoric oxide, it loses water and liquefies; th(‘ liquid deposits long hexagonal 
crystals of thi^ monoliydrated salt, and finally the anhydrous chloride. According 
to U. J. Meyer and A. 8 . Cushman, tetrahydrated thallic chloride, TICl 3 . 4 H« 0 , is 
prepared in the following manner: 


Thallous ohloiide suspended in a little water ia treated with chlorine while slowly heated 
up to its b.p. ; the action is continued until nil is m aoln. The liquid is evaporated betwwn 
150® and 80® mid rofieatodly sat. with chlorine, until it has a syrupy consistency. On cooling 
the syrupy liipiid slowly by a freezing mixture, prismatic crystals separate out: but on 
cooling rapidly, white needles apjioar The crystals belong to the rhombic system. 
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Tetrahydratpcl tliallic chloride is hygroscopic, according to R. J. Meyer, and 
not hygroscopic.according to A. S. Cushman, while V. Thomas showed tliat at 17'’ 
in air. the salt deliquesces only when the moisture content of the air exceeds 03 ]>er 
cent, corresponding with a di.s.sociation pres.s. of about 23 inni. of mercury, so that 
the tetrahydrated chloride is stable in air sat. with water vapour. A. 8 . Cushman 
gives the vapour tension of the tetrahydrated chloride as mm. at IT", and he 
adds that if this salt bo fitted to an instrument for recording variations in weight, 
tlie curve is a record of the livgroscopic state of the atmos])here. According to 
K. d. Mi'yer, the tetrahyilratcd salt melts at 13"' ai^ freezes at 3.‘V\ V. Thomn.s 
give-s the rn.p. between 30^ and 37'’. Thallie ehloride, anhydrous or hydratcal, is 
very soluitle in water; according to V. Thomas. 1(H.) parts of wati'r at I?'' <hssolve 
Hrr 2 parts of the tetrahydrated salt, and the sp. gr. of the soln. is 1-83 and the heat 
of the soln. of the tetrahydrated salt in water is - 212 Cals. The a<{. soln. reacts 
acid, anil the hvdrolv.sis is emphasized hv the rise in tlie eq. eonduetivity, A. which 
occurs on dilution as detennineil by R. J. Meyer, with soln. containing a gram-eq. 
ofthe salt in e litres of water. A-34 '8 when 2; A 40 8 when e -4 ; A - 48'2 
when('-H;A -38 (1 when c Ifi; A- 71'2 when !' 32; A .-1()2'7 wheiu’- fi4 ; and 
A 143 7 when i’-42H. With dilution, a stage is reached when the soln. becomes 
tiiriud through the .separation of the brown hydroxide, TKOll);,. Thallie chloride, 
howeviT, is stable in dil, soln. if siillirient Jiydrocblorie acid be present. A. Voigt 
ami W. Biltz made soim* measurements of the j'lectrieal eomlmdivity of the 
fused salt. 

Silver nitrate jirecipitates the ohlorine quantitatively as silver ehloride from a 
soln. of thallie ehloriile acidified with nitric acid; but from a neutral soln., in 
addition to silver chloride, a lirown precipitate of thallie hydroxide is formed. 
H. . 1 . Aleyer stated that silver nitrate preiipitateii only two-thirds of the chlorine 
from soln. of thallium trieidoride, but after A. S. Cushman had shown that this 
statement is inaccurate, [{. .f. Meyer showed that the precipitation of silver chloride 
IS hindered by the soinbilily of silver chloride in the thallium nitrate which is formed. 
The constitiifionil formula for thallie chloride, TlCi based on the dilTerent 
jiroperties [Assessed bv one of the three eldorine atoms in thallie chloride is tlierefore 
invalidated. Ono of the jieculiarities of tlialiie chloride and its water complex is 
the (‘ase with which tlii'V dissolve in most solvents including ether and alcohol. 
•I. Nickles passed chlorine into a suspension of thalloiis chloride in ilry ether, 
and obtained wliat, he (liought to be IK'l. 11 ^ 0 , but 

11. J. Meyer could not verify lliis. H. J. Meyer did ]irepare the eonipoiind 
(* 2 *I.'>):;^l-TK'l;t by the action of ether on tetrahydrated thallie eliloride ; A. 8 . Ciisli- 
man questioned the existence of K. .J. Meyer'.s compound, but the oiijection could 
init be maintained, for if the ethereal soln. bo evaporated in vacuo, crystals of the 
compound melting at 30" are jwodureil. R. .1. Mi-yer also prepared an analogous 
conijiound with alcohol, TK'lj.tyi.'.fUH). Several other compounds of thallie 
chloride with organic hase.s jiyridinc, aniline, etc.--have been jireparcd. 

According to F. M. Mel’lenahan, tetrahydrated thallie chloride loses all its wafer 
when heated for an hour at 1 (K) and there i.s very little lo.ss of chlorine, and he 
traces the lo.ss of water through the following stages: Tl(Ti.41b>0->TI('l,'[ 2 H 2 O 
-^Tlt’la.II.^O-^TK'lj. The evidence for the existence of dihydrolnl t/iallu: chlorulc, 
'ri(T). 2 H 2 (), y^'t’ been established, If the dehydration be conducted 

m a stream of hydrogen chloride, a hydrochloride is formed; TKTj.41120 
->T 1 (’I;j. 3 H 20 .H(' 1 ->T 101 ;(.H 2 ()->TK;! 3 . According to A. S. Cushman, if the 
ti'trahydrated salt be confined over phosjdionm jienloxide in a desiccator, the 
anhydrous chloride is formed, but if certain impurities are present, the chloride 
i.s reduced to the dicbloriclc with the evolution of hydrogen chloride or chlorine; 
but even under the best conditions, A. 8 . (hishman fouml that the hydrated salt 
cannot he freed from water without undergoing a slight reduction. R. J. Meyer 
prepared anhydrous thallie chloride by dehydrating the tetrahydrated salt at 35’’. 
R. J. Meyer also prepared anhydrous thallie chloride by keeping the hydrate with 
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ether, TlCl 3 (C 2 H 5 ) 5 jO, for about 10 days in vacuo, when the ether is all removed. 
The preparation of anhydrous thallic chloride by heating one of the lower chlorides 
in a stream of chlorine is not satisfactory, because a mixture with a variable amount 
of (;lilorin(i is formed; but V. Thomas made it by sealing some liquid chlorine in 
one leg of a A-tube, with thallous chloride in the other leg. The tube was sur- 
roumled by a metal cloth, and the leg with the solid heated by a Bunsen’s burner. 
In about 48 hrs. a small quantity of white crystals of thallic chloride was found to 
have sublimed in the atm. of chlorine. V. Thomas found the product melted at 
60" to 70" while confined in the sealed tube at 7-8 atm. press. The small six-sided 
crystalline plates, obtained by dehydrating the tetrahydrated salt, melt at 24°, 
but, according to W. Hampe, they cannot be melted without decomposition under 
atm. press. According to V. Thonms, the docompo.Hition is slow at 40° and rapid 
at 1(K)°— the lower chlorides are simultaneously formed. The anhydrous chloride 
iij very hygroscopic, ami soluble in water ; and, according to K. J. Meyer, in etlier 
and alcohol; and, according to C. Renz, in acetone. It is also soluble in 
other organic solvents. According to V. Thomas, the heat of formation is 
Tl+8Cl„^,--.8{)-H2 (!als.; or Tlf:hoii,r|-2Cl«,« --.T2-2 Cals.; and TlCIa^oiiad AH^Oii.^i., 
= rtCl 34 H 303 „ii,| |-I0'05 Cals.; and the heat of soln. of the tetrahydrated chloride 
in water is “2‘12 Cals.; and the heat of soln. of the anliydroiis chloride is 8'43 Cals, 
Acconling to J. Nickles, colourless thallic chloride is changed by ex]) 08 ure to sun¬ 
light, forming brown thallium sescjuioxide. Soln. of ammonia, alkali hy<iroxides, 
alkali or alkaline earth carbonates, form brown thallium ses<jiiioxide. Aminonia 
does not react in this way in the presence of an excess of ammonium chloride, tor 
the soln. remains clear and colourless; it, however, turns brown if water be added, 
but tlic original colour is restored if more ammonium chloriih- be added. Tliullic 
salts in general were shown by A. J. Berry to be quantitatively reduced by ferrous 
sulphate; TI.>(S 04 ):)-f 4 Fe 804 •-Tl 2804 + 2 Fe 2 ( 804 );}, and by sodium arsenitc; 
Tlaflu bAs^O^'-Tl^O-t-As^Or,; be also e.xamined the reducing effect of copper, and 
hydroxylamino: I’LO^ Tl^Od-'lH^O f N.^O. Bismuth nitrate gives a 

white precipitate—nearly (piantitative ; tin; preei^iitate is soluhh* in a soln. of 
ammonium chlorich*. 

Thallium trichloride combines witli ammonia producing white crystals of 
thallium triamminotrichloride, TICI 3 . 3 NH 3 , which was prepared by J. E. Willm 
by mixing an alcoholic soln. of the chloride with an alcoholic soln. of ammonia; 
by mixing a cone. aq. soln. of thallic chloride with ammonia; by boiling thallic 
hydroxide with a cone. aq. soln. of ammonium chloride until it begins to givc^ olf 
a.mmonia, and then treating the colourless soln. with ammonia. The white crystal¬ 
line precipitate is washed with aqua ammonia, then with alcohol made feebly 
ammoniacal; then with absolute alcohol; and finally dried in vacuo. J. E, Willm 
also said that thallium triamminotrichloride is formed by the action of dry ammonia 
on anhydrous thallic chloride, but 0. Gauthii'r found that thflllimu pentammino- 
trichloride, TICI 3 . 5 NH 3 , is produced by the action of an excess of ammonia on the 
anhydrous trichloride at ordinary temp. W. Biltz measured the vap. press, of the 
triamminotrichloride at -50°, —60°, and —79°, and obtained the values 39 (38) mm., 
166 (105) mra., and 290 (307) mm. respectively. The numbers in brackets refer to 
the vap. press, of liquid ammonia at these temp. J. E. Willm found that thallic 
triammiuoohloride is decomposed by water with the separation of bluish-black 
thallium sesquioxide ; it dissolves in hydrochloric acid, forming ammonium chloro- 
thallate, and when heated it gives off ammonia, and ammonium chloride, and leaves 
behind a residue of thallous chloride, li. J. Meyer found that tetrahydrated thallium 
chloride readily absorbs one molar proportion of hydrogen chloride, forming a liquid 
which, on standing over jihosphorous pentoxide, furnishes noedle-Iike crystals of 
bydrotctrachlorotbaUiC acid, HT 1 (M 4 . 3 H 30 , or TlCl 3 .HCI. 3 H 2 O; the same compound 
was obtained by evaporating a soln. of thallic chloride in cone, hydrochloric acid ; 
and by evaporating on a water-bath a soln. of thallous chloride sat. with chlorine, 
and maintained sat. during the evaporation. The evaporation is completed over 
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sulphuric acid, and potassium hydroxide contained in a desiccator. The crystals 
rapidly deliquesce in air, and chlorine and hydrogen chloride are evolved aimultane' 
ously with the reduction of some of the thallic salt. The crystals are stable in dry 
air. V. Thomas gives the heat of formation; TK’lasoin.d HClfw,!,!.—TIOI 3 .HCI—0‘2 Cal. 
When a solu. of the salt is neutralized witli potassium hydroxide, R. J. Meyer 
found that the salt 2 KCl.TlCl 3 . 2 H 2 O is obtained, and not, as aritici})ated, 
KTlCL./iHgO ; the reaction is represented by: 2 HTlCl 4 - 4 - 2 KO}i--K^TlCldd TKIj 
{-2 HjO ; and A. S. Cushman represents the transformation by the sytnbola: 


H 


H-Ct--Cl-6-TI< 

H 


VU O-- Hj 


H 


J}>0- CI-O-'IK 


Cl Cl-K 


where the linkage of H-Cl— to the complex is not strong enough to attach the 
heavier and more basic K~Cl - ; in consequence, a redistribution of the atoms 
in tlie mol. occurs so as to jiroduce the most stable configuration whicli is possible 
under the circumstances. R. J. Meyer drew attention to the analogy between 
hydrocldorothallic acid, }IT)(.' 14 ..‘JH 20 , and hydrochloroauric acid, HAuCl 4 .dH 20 . 

Tliree type.s of double salts with thallic chloride and alkali or ammonium chloride 
are known; 2TlCl3.;iM('l.«H20 ; Tl(T,.3MCl nIU): and-'n'lCl.j.MCl./Jl^O. Thallic 
and ammonium chlorides can be fused and crystallized togetlier in all proportions, 
the tliallic salt sutlers reduction during fusion, and this prevents the construction 
of f.p. curves like those obtained with tballous ehloridi*. Ammonium heischloro- 
thaliate, 3NlLCl.TitT,, or (NlD^TU'hj, is forme^, according to J K. Willm,® when 
a soln. of tlmllic triamminotrichlonde in hydrocliloric acid is evaporated to tlie point 
of crystallization ; and (1. Neumann prejiared it by treating a soln. of thallie chloride 
111 cunc. hydrocliloric acid with a cone. soln. of ammonium chloride. According to 
K. J. Meyer, the hexagonal plates so formed gradually become yellow owing to the 
reduction of the salt. J. Nickles obtained dihydrated ammonium hexachloro- 
thaUate, 3NH4CI.'ri('l3.2H._;(), by treating the ether or alcoliol compound of tliallic 
chloride with ammonium chloride ; (’. K. Raminelsberg obtained the sanu* product 
by evaporating a mixture of ammonium chloride with a soln. of thallic hydroxide 
in hydrochloric acid ; and (J. Neumann, by saturating with chlorine a warm soln. 
of tlidllium sescpiioxide and ])otassium cldoride in cone, hydrochlorie acid. The 
U([uid, tiltored through glas,s-wool, is (*va[>oratcd eitlier in a desiccator or on a water- 
bath while elilorine is being passed through tlie soln. Aci^ording to ('. F. Kamniels- 
berg. the tetragonal bipyramidul crystals have the axial ratio a: c-1 :0'7954. 
J. Nickles noted tliat the crystals gradually become yellow with red spots due to 
the formation of thallic hyilroxide. The salt is soluble in water and in alc(»hoI, 
and it loses all its water at KX)''. When a soln. of th(‘ salt is treated with alkali 
hydroxide, carbonate, or with water containing calcium liydrocarbonato in soln., 
thallic hydroxide is precipitated. 

J. H. Pratt prepared sparingly-soluble, didiipiescent crystals of octohydrated 
lithium hexachlorothallate, 3Li(l'f'K'l3.HH20, or LiyTlCio.SHaO, from mixtures 
of soln. of the component salts; and likewise also, dodecahydrated sodium 
hexachlorothallate, 3NaCl.TK33.12H20, or Na,3TlClB.12H20. C. F. Rammels- 
berg, and G. Neumann jirepared dihydrated potassium hexachlorothallate, 
3Kt'i.TlCl3.2H20, or K 3 TlClft. 2 H 20 , by methods similar to those whicli tliey respec¬ 
tively employed for the corresponding ammonium salt. R. .1. Meyer made it from a 
mixed soln. of the component salts containing three or more mols of potassium chlo¬ 
ride for one of thallium trichloride. J. Nickles also investigated this salt. According 
to A. Fock, the tetragonal bipyramidal plates have tht* axial ratio a : C--1017913, 
and they are feebly double-refracting. According to A. Fock, and R. C. Wallace, 
the salts K 3 TlClg. 2 H 20 , (NH 4 ) 3 TlCl 8 . 2 H 20 , K 3 ln( 1 fl. 2 H 20 , arc isomorphous with 
one another and with the corresponding bromides. The crystals can be kept in 
air for some time, but they gradually become matte and turbid; and between 
50° or 60°, or in vacuo, they lose their water of crystallization. At higher temp., 



44G INORGANIC AND THEORETICAL CHEMISTRY 

thny (li'conipose with rf^luction A Holn. of the salt iu hydrochloric acid becomes 
brown on i;x[«)suri‘. to light. A. Eock found that the salts SKCl.lDCl^.lJHgO and 
3KCl.TlCl:t.Ull«0 form isoinorphous mixtures. The salt potassium pentachloro- 
thaliate, 2 K(’l.flCI;j.2('>r 3)[L0, Is formed by methods analogous to those employed 
f(jr the hexaehlorof hallate, from .soltn with le.ss than three mobs of potassium chloride 
to one of thallic chloride. U. Neumann failed in his attempt to make the salt. 
Aecf^rding to H. J. Meyer, this salt i.s formed by neutralizing hydrochlorothallie 
acid. Aec'onling to tF. Rammelsberg, it forms transparent, colourless, monoclinic, 
prismatic crystals with a.xiiil ratios «; h : c - O'lObO : I : 0'957t), and 18'. 

According to K. -I. Meyer, when dried in vacuo, or when heated between 50'^ and 
a mol of water is lost. According to (b F. Rammelsberg, two mols of water arc 
lost over sulphuric aeul. It is deeompo.sed when heatcil above 60'^, and is partially 
re.duce<l. J. il. Eratt jirepared rlnnnbit: crystals of monohydrated rubidium 
pentachlorothallate, 2Ub(lTI(T,.llA), by adding between 1‘25 and 18 grms. of 
nibiilium chloride to a cone. .soln. of 30 grms. of thallic chloride. The axial 
ratios are (r.h:c 00792; 1 :0'7002; R. C. W'allaee gives for the axial ratios 
iflr.r 0 9770; I : I'L’iHH, and the sp. gr. 3'r)13 at 20^ The erystabs are not 
d(‘eoinpoM(‘d by reerystallization. G. Neumann niadi! rubidium hezachlorothailate, 
3Rb('I.Tl(d;j, l»y dis.solving thallium .sesquio.xide and rubidium chloride in com', 
hydrochloric acid, and oxidizing the hot soln. with chlorine. 'J’la* hot filtered soln. 
deposits thin rhombic [dates which are r<*adily soluhle in water with ilecomposition, 
and gradually become matte and turbid in air. J. H. Pratt prepared monoclinie 
crystals of monohydrated rubidium hexachlorothallate, 3Rb('l.'ri('l.j.lLO, from a 
M4)lu. containing 1’3 to 25 grins, of thallic chloride to lO grms. of nihidiuin chloride. 
F. Godelfroy olitained colourless, (pmtiratic (Ty.sfals of dihydrated rubidium hexa- 
chlorothailate, 3RbCl.Tl(T{.2IL(), by evaporating a mixed soln. of the coinpoiient 
salts, and he say.s that KXJ purls of water at 18' di.ssolvc 13 3 parts of the salt and 
at lOlP, t»2 parts of salt. J. H. Pratt obtained [lah; green crystals of csesium 
pentachlorothallate, 2(’s('l.Tl(.'l:j, from s<dn. with o to 8 gnus of thaihe chloride 
and bt) grms. of eiesium chloride. He also prepared rliombic crystals of mono* 
hydrated crosium pentachlorothallate, 2(bs('I.Tl(’L.lL(), from dil. soln. of 8 to 15 
grms. of thallic chloride and UK) grms. of ca’sinm chloride. The axial 
ratios are u:h:<- 0'()7t)2 : I :U b951 ; It. \Vallace gives for the axial ratios 
a: b : c 0'9(>91l: I : II321, and tln^ sp. gr. 3879 at 20'. The salt i.s i.soniorphons 
with the corresponding ruhiduim salt, with the eorresponding indium chlorides and 
hroinide.s, and with K.^KeCln.lI.^n and (NID^Kel'L-HA). When the jieutaehloro- 
Ihallate is reerystallized from water, or when .soln of tO grms. of thaihe chloride 
and 0-5 to 20 grms. of eiesium chloride are mixed, crystals of cmsium enneachloro* 
dithallate, 3('s(.’l 2TK'l.o are formed If the soln. contains 5030 grms. of <'jesium 
chloride to 0*5 grm. of thallic eliloride, the crystals are hexagonal [dates; if 
crystallized from water, he.xagonal [nisms. The axial ratios are <i :c 1 .0 8257, 
The crystals havea feeble negative double refraction ; and the indices of refraction 
for the bi*. Nu-. ami 'I’l-lines are res[HTtively <o t 772, l'78l, and 1 792, and 
€ -|■7l^2, 1774, and P78t). J. H. Pratt pre[tared a ma.ss of hair-like crystals of 
monohydrated ceesium hexachlorothallate, 3('s(’l.'n('l;(.(I.><). hy adding a soln. of 
0 25 grin, of thallic chloride to one with 50 grms. of cavsium chloride. F. GodefFroy 
claiimni to have madi' difu/dratcil ru's/uai h'XdcklorotlutlUdv, 3Gs(’I.Tl('l;j.21l._.(). 
from a mixture of the eom[)onent .salts; and In* says lU) grms. of water at 17^ 
dissolve 2 747 grms. of the salt, and at lIH)', 33 3 grms. E. H. Ducloux recom¬ 
mended emsium chloride us a mierochemicul test for thallium. (’. Sandonnini and 
P. C. Aureggi found that binary mixtures of .silver and thailous chlorides form a 
compound Ag^TlaCl^, silver pentachlorotrithailate, which <leeompose8 on melting, 
and is revealed by an arrest at 252There is u eutectic at 210' with 41 molar 
per cent, of thailous chloride. 

J. Geweeke pre|)ared double salts of many of the bivalent metal chlorides of 
the type MCl 2 . 2 TlCl 3 .()HoO, by allowing a soln. of the component salts in water 
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acidit'uHl wth hydrocbloric aci<i to (*va|)orate in vacuo over suipluirio acid. For 
example, heiahydrated calcium octo^orodithallate, ('aCI.^. 2 TlC’l 3 . 5 HoO, forma 
large, colourlesa. transparent crystals; heiahydrated Strontium octocWorodithallate, 
SrCl^.^TlCls-OHoO, was al.so prepared ; the corresponding heiahydrated barium 
octochiorodithallate could not be obtained in the pure state, since the m‘edle-lik(“ 
crystals were so hygroscopic they could not be analyzed. IL Neumann pr<*pared 
thin rhombic plates of beiylUum dodecachlorodithaUate, .‘iBet’l^.'JTU’la, a method 
similar U> that he used for the potassium salt. The crystals are dissolved hy water, 
liiit are simultaueoiislv decomposed ; and they are not stable in uir. . 1 . (leweeke 
obtained trans[)arent, colourless, hygroscopic iTVstals of heiahydrated magnesium 
octochiorodithallate, Mgt’l._;. 2 TR'!;i.bii.;(): colourless jirisms of heiahydrated 
zinc octochiorodithallate, Znt'L‘JTR'lj.bll^tl; and large pale lilm* crystals of 
heiahydrated cupric octochiorodithallate, (‘uCl.j.'iTUli.flHoO, from neutral at], 
solii. .1. E. AVillm al.so jirepared green matte crystals of CUpriC OCtOChlorodithallate. 
('iR’lo 2T1('1{. hv evaporating mixed soln. of the component sails. 

Colourle.U, liygntsc(»im\ needle-Iike crystals ol trihydrated thallic fluodichlotide, 
TIK('1...‘{11.(). were made by J. (Jeweeke by the action of ehh)rine upon a soln. 
u[ grms. of thallous tlu(»ride in 120 e i-. of 10 per ta-nt. hytlroHiione acid, at .‘ 10 ’ 
to lU , until till' wliite precipitate first formed is redissolved. Without stojiping 
ihe current of chlorine, the soln is evaporated at as low a teni)). as jmssilile. 
'I’lie crystals are pressed between lilter-iaiper an<l tlrietl for two hours in a desieeat«)r 
over piiospliotiis pentoxide and ]K)tasMum hydncxide. The salt becomes aidiytlrous 
thallic fluodichIoride,TIK('l_;, if it be allowei! to stand some time in a desiccator over 
phosphorus pentoxide and potassium liydroxnb*. The salt is very liygroscopie, 
and IS rapidly deeoin[M'.sed Uy moist air; i( is Mt!ul>le in al*solule alcohol, forming 
a pale vellow soln. ; a<jUeous alcohol gives a «leep yellow soln. and soon dej)osi 1 s 
thallic livdroxule. '[’hoioiiglily dried ammonia is absorbed by anhydrous and dry 
lltallic fluoehloride, coole<l by a freezing mi.xture, forming white thallic tetrammi- 
noduodichloride, TIFt.'L INIL It is immediately decomposed liy water. Thallic 
fluoehloride forms white needles of a duuhle salt with jiyridine, 'JIK’I^ 2 (' 5 ilf,N. 
.) (ieweeke also pre|)ared <a)lourless crystals of pOtaSSium difluopentachloro- 
dithaliate, KCI 2T1K('1.,. or K'l'LKR'lr,, l)y evaporating a mixed soln. of 4 grins, of 
potassiiiin (diloruh* and 21 grins, of thallic lluoehlorMie in ililiile hydrofluoric^ acid, 
reei'Vstalliziiig from dil. Iiydroiluorie acid, ami drying the jiroduct in a <i(‘siceator. 

inUSti.T W.i’roukesand II Church reporte<l the formation of thallium sesQui- 
chloride, TLcl.,, thallosic chloride, or thallous chlorothallate, oTlci.Tlci,, by tlie 

evaporation of a soln, of thallous chloride in mpia regia until the evolution of idilonne 
has ceased A Lamy ® ustsl nietallie tlialliuin in plai'c of ihullous chloride—tlie 
]iroduct can la* recrvstallized from water aeidifie<l with nitric or liydrochlonc acul. 
(1. Werlher says that the product of this reaction has mit a constanl composition 
since his analyses gave numbers ranging from T1 : (T 2 : 3 to nearly 1:3. A. Lamy 
also ]»re}tared this compound by the action of chlorim* on lieated thallium. 'I hallcnis 
chloride is .scarcely attacked i)y dry liquid chlorine at - 15', and no method of 
i hlorinating dry tliallous chloride to thallium sesquiehloride is known which does 
not at the same time form still higlier ehlornles. (laseous chlorine converts <lry 
lhallou.s chloride into TLCl,, TLtL.and TLC!« According to iC .1. Meyer, there 
i.s a continuous serie.s of mixtures of thallous and thallic clilornles. Tlie so-called 
compound TLCl,—that is, 3TR'1.T1{'1;,~ corresponds with a sat. soln. of thallous 
chloride in thallic chloride because no complex with a higher )>ro]iortion of tliallous 
chloride has been jirepared. The colour of the complex deepens with im reasing 
j)rop(trtiuns of thallous chloride, and the solubility also decreases in the same 
proportion. A. 8. Cushman i)a 8 .sed chlorine into water with thallous chloride in 
susjieiision until the latter has all acquired a lemon-yellow colour. If the current 
of chlorine be continued, the yellow colour disapjiears and soluble thallic chloride 
is formed. According to A. 8 . Cushman, the low solubility of thallium sesquichloride 
in cold water enables a definite stage in the chlorination to be reached before 
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tlie thallium tiichloiide is formed. Although G. Neumann has stated tliai 
dichloride, as well as the aesquichloride, is formed in the action of chlom,.- 
thallouB chloride suspended in water, J. H Willm, A. Lamy, and A. S. Cuslmiai! 
never succeeded in pre})aring thallium dichloride in the presence of water. Aiialvsi's 
of the yellow products agree closely with the theoretical values for the sesquicblondi^ 
G. Neumann prepared thallium sesquichloride by dissolving thallium sesquioxi<h ui 
hydrochloric acid; R. J. Meyer, by reducing thallic chloride by oxalic acid or 
hy<lrogen peroxide; and J. E. Willm, by precipitating a mixture of thailous and 
tlnillic chlorides with hydrogen chloride. According to K, J. Meyer, the best way i.f 
njukifig Tljl^ - that is, 3T!( ’l.TlCIa— is to saturate with freshly jirecipitated thallons 
(diloride a f)oiling solo, of thallic chloride in dil. nitric acid. The required salt 
separates out on cooling. 

On cooling a solii. in hot wat(T, thallium sesquichloride crystallizes in yellow 
six-sided plates—W. Crookes and A. H. Church comj)ared the colour with that of 
lead iodide. The crystals are stable in air; and, according to A. Lamy, the salt 
melts f)etween 400" and 500" to a dark brown liquid which contracts during solidifica¬ 
tion, forming a yellowish-brown solid of sp. gr. S'D. The solubility in water is low ; 
1 h(! data an- somewliat divergent; according to W. Crottkes, 100 grms. of water 
at 15" dissolve 0‘2fi grm. of the salt. According to M. Hebberling, 0'29 gim. at 17°; 
according to U. Abegg and J. F. Spencer, 0 00333 inols or 0 343 grm. at 25°; 
according to A. Lamy, 4 to 5 grms. at 100°; and, according to W. Crookes, L9 
grms. of salt at the same temp. The aq. soln. is colourless ; aceording to A. Lamy, 
there is a small decomposition of the salt in aq. soln., and this is prevent(‘d by a few 
<lrops of iiydroehloric or nitric acid ; and R. J. Meyer showed that by recrystulliza- 
tion from dil. soln. a mixture of TLCI 3 and TlCl first forms, succeeding fractions are 
])aler and ritdicr in chlorim', until finally thallic chloride remains in soln. M. Hehber- 
iing <*mplmsize<l the fact that a(j. soln. give reactions characteristic of both thallic 
and thallims salts. W. (Vookc.s and A. H. Cliurch found that wlien <‘xpo.sed to dry 
ammonia, the colour is deepened, and when heated, ammonium chloride and nitrogen 
are evolved while thalloiuscliluridc remains; fiTLClj+BNHa- 12 TlCl-f- 0 NH 4 Cl-l-N.>. 
The aq. soln. gives with alkali hydroxides a preeipitate of thallic hydroxide, while 
potassium and thallons chlorides remain in soln. A. 8 . Cushman states that the 
prolonged action of chlorine in the presence of water converts the salt into thallons 
chloride, and J. F. Spencer and U. Abeggexplain this by the small dissociation press, 
of ehlorine in the eomple.x 3TlCI.TI('l;j. 

Aec(»r<ling to A. Lamy, when thallium or thallons chloride is heated in a slow 
current of chlorine, so long as the |>roduct remains liqiikl, a ycliowish-grey licpiid 
isolUained which solidifies to a erystalliiie mass witli about 2015 percent, of chlorine 
and 73\S5 per c(‘nt. of thallium approximately Tl: Cl-I : 2-thallium dicbloride) 
Tick, or TLC!.|. According to V. Thomas, this product represents tlie highest stage 
in the I'hlorination of thallons cldoride by clilorine in the presence of methyl chloride, 
or carbon tetrachloride. If chloroform be used tliere is a slight decomposition of 
the solvent and a little carbon tetrachloride is formed. (5. Neumann claims to 
have made it by dissolving tliallinm sc.sijuioxidi* in hydrochloric acid. Thalliniii 
diehloride is a jiale yclhiw deliipiesccnt soliil which is more fusible tlun the sesqui- 
chloriilo, ami which is transformed into the He.s<|uichloride when lieated. It is 
decomposed by water into thallic cldoride and tlialiiuin sesquichloride. J. J. Siid- 
borongh prepared a double conipouiid with nitrosyl chloride— Tiri.TlC! 3 . 2 NOCl— 
and V. Cuttica and co-workers, &a!losic trinitrosyl Chloride, TlClg 3NOC1. 

H, J. Meyer regards tliullium diehloride as a solid soln. of thallons in thallic 
chloride. In 1805, J. E. Willm summed up reasons for believing that the inter¬ 
mediate chlorides of the types TlOl^ and TLLI 3 respectively called the tetra- and 
sesqui-chlorides should be regarded as double salts and formulated TlClj.TlCj, and 
TlCt;{.3TlCl, because (i) they resemble in their general behaviour well-defined double 
salts of the types TlCl^.CiiCI; TK'Is.SKCI; TICI 3 . 3 NH 4 CI; etc.; (ii) they can be 
made by mixing the thallic and thailous halides in the proper proportions; (hi) no 
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oxides are known corresponding with these intermediate halides; and (iv) if the 
intermediate halides are treated with alkali they form the alkali halide and pro 
cipitate insoluble thallie and thallous oxid(‘w. G. Neumann also favours this hyjwi- 
thesis. The double salts which thallium can form with itself can be represented, 
according to W. BlonistraiuVs views : 

-Cl Cl-Cl-Tl 

T! (;l T1 (’l- Cl—T1 

I’l-C’l -T1 Cl-Cl—T1 

but this does not show why no ]>entaha!ide of thallium has been observed— 
TU'l.{.2TU'l should be aaeapal)le of existing as TlClj.TH'l and TR’l^.^TlCl. According 
to A. Werner, there is a dominant thallium atom of tlie centre of an octahedron as 
indicated in the appended diagram Fig. 10, /f; and in the cases of the so-called 
seH<piichiuride, and of tiie tetra-salt the dominant thallium atom is at the 
centre of a tetrahedron. Fig. 17. ii, tir the couHguration of the imdeeulo, is in 
a plane, and one a.xis is unsaturateil-Fig. 18, V. In symbols [TlClcjTI/ and 


Cl Cl 



Kms. lO-lS. —A. Werner's NuelcO for ITlC'ld'l’ta ami [TlCIdTr. 

|TlCl 4 ]Tl' respectively. This view makes thallium seS(pnehloride to be thsUous 
hexachlorothallate, 'n,(Tl('!fl; and thallium dioliloride to be thallous tetrachloro- 
thallate» TlTR'l^. . 
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§ 9. Tbe Thallium Bromides 

A. Gamy ^ found that hroiuiiie unite.s directly with thallium less oucrgctically 
than is tlie case with chloriiu'. The attack is appreciable at ordinary tempera¬ 
tures only after many weeks. Accortling to J. Nickl^s, the reaction proceeds 
more quickly in the presence of water or alcohol. Thallium forms the bromides 
TlBr. and TlBr^, with the intermediate bromides Tl^Brs and Tl 2 Br 4 , as well as a 
tmmlKT of ehlorobromides. 

ThaUous bromide, TlBr, is prepared by metliods analogous to those employed 
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in pn'paring thallous chloricV— J. R. Willm made it by precipitation from a 
thallons salt by mcaiis of potassium bromide; and .1. Nickles, by the action of 
sulphur dioxide on the compound of thallic bromiile with ether. The precipitated 
salt IS white and curdv ; the salt can also he obtained in pale yellow cubic crystals 
from hot soln. K. Lorenz and W. Kitel did not succeed in making optically 
clear crystals. W. Blitz represented the lattice energy of lhallous bromide by 
18') t’als. per mol. F. \V. Clarke gives the sp. gr. of the precipitated salt as T’bltt 
at ”21 7 . and after fusion, 7‘557 at 17 d . F. A. Henglcin found that the mol. vols. 
of thallous, cuprou.s. and silver bromides give a straight line when plotted against 
nnmhers corre.sponding with anions or cations. T W. Hiehanls and (1. .loiiea 
give the coelT. of eomjiressibility as ."i 2 * ltl“'' per aim. T. Carnelley says the salt 
melts below a re<l heat between 158 and . K. Monkemey«‘r gives 15(C ; and 
U. von Wartenberg and (). Hosse, bob', .\eeording to K. ('arstanjen, thallons 
liromide forms a dark y<'llow Inpiid which sedulities to a pale yedhiw sedid resemhliiig 
fused thallons chlornh*. H. vStolzeiiherg and M. K. Iliitli gue 111'' bir the m.)). 
of the io'liele, and say that when the molten salt coeds the liepiiel is anise)tro|iie. 
C. Tuliandt and K lairenz showe‘<l the phenomenon is elin' (e) lln’ use of a badly 
puritieMi salt. Acceirding to K. Monkeiueye'r, fnse'd mixtures eif thallons chhiride 
(melting at l”2i) ) and thallons hremneh' (melting at 150 ) give a e'onlinneius serie's 
eif mixe'el crvslals with a niinimmii at dl.T eorre'sponding with (»tt nudar per cent, 
ed thallons chloride II. vem M'nrteid)erg and 0. Hosse- found tin* vap. jire-ss,. /). 
to he 7tl8 mm. at O'U’ ; IHIJH mm. at tlho'; dJttiw mm. at 757 ; 5(l5il mm at 
7'.M : 775 tl mm at 817 ; and al tlie absedute temp. T, log p 251(11^ 1-5717' 
|5<>5t). The- h ]). i.s 815 . (J. 1). Boos gave 12 7 cals, per gram feir the- heat 
of fusion. The- in-atof formation, according to .1. Tlumise-n, is T1 t Hr TlBr ( -11‘5 
Cals., ami M. eh- K. Thom|ise)ii culculate-.s, from the solubility, (lie lu-at of formation 
;V.|-7 Cals. TIOIL, I Hliraq. ■■27*r)l ('als.; and Tldl | 211 Hr- 2T!Hr) IL.O | 1)1-82 
Cals. .1. 0 IVrrim^ oliservcd no Huorescence with thallous bromide' in X-rays, 
F. Kedilrause-li gives the e-h-ctrical <'e)nductivi(y of a sedn. sat. at 18" as 
1‘)2‘”2<I“0 r<*e ipre)cal ohm.s pe-r e-m. cube- .1. ('. (the)sh found the sj). ceoidiictivity 
to be 1)(H)0(I4 at 5”2:i K. ; 0tH«i5rj al (125’ K ; (KKIIbO al 575'' K.; and 1)-(H).17() 
at7”20' K. A. Bemrath foiiml tlm bromide; is ]ie)t atl’ecteel by exposure to light. 
W. W. t.'eddentz anel F. Rekford me-asiire-d tin- })hote»eh-(;tric. semsitivity eif 
thallous broiiiieh-. (I. von Hevesy found the ratio of the- eomiiietivitu-s of (Imileius 
bromide above ami below the in p. is 150, and the gain of em-rgy in reneiering (he 
ions of the'e-ryslal m-utrul is 75 cals, ru/c the- chloruh-. The chemical reactions 
re.semlde tlmse of the rhloriele. 

Aercording te) F. Kedilrausch, a litre of water at 18' dissolves l-d!) milligram <mj., 
or 0-120 grm. of tdialhnis hroinide ; W. Beittger give-s at 20", O'tKHtH mols; iiiiii 
W. Biltz. 0 (K1I5 hetwe’cn lO and 18 ’, Tin-solubility in lOOgrms. of walt-r is llu-re- 
feire 0 0-12 grm. at IH0 018 grm. at 20'’, 0-057 grm. at 25", ami 0'2n grm at 08-5''. 
J. Thomsen give's for the heat of soln. in wate-r -I5'75 <!als. A. A, Noys studied 
the effe'ct of thallous nitrate on the s<diil)ility of tlie liromide. A. Naiimann sav« 
Ihalhin.s bromieie is inseduble in acetone, and A. Naumann and .1. Schroder, in- 
solulde in pyrieline. For thallous triamminobromide, TlBr.dNII;,, nflc. the corn*- 
spondiiig chloriele. W. Biltz found the vap. press, at - 50^ to he 287 (507) mm., 
and at -bO^, IbO (105) mm., where the numbers in bracke-ts refer to the- vap pn-ss. 
of liejuid ammonia at the; given tenij). The salt dissociates at OG" under llK) 
atm. press., and its heat of fonnation is 71 Cals, per mol of ammonia. C. L. (dark 
made some observations on this subject. J. Harlot and d. Be-rnot inaele- mercuric 
thallous bromide, HgBr 2 .TlBr, in long matted needles. 

J. Nickles stirred up thallous bromide' with water to form a slurry and passed 
bromine through the warm liquid. The thallous bromide; gradually dissolved 
furnishing a liquid W’hich in vacuo formed a felteil ma.s8 of de-lique*scent, nee*dle-|jkc 
crystals -tetrahydrated thallic bromide, TlBra.-llf^O—which contained some 
thallous bromide. While the soln. was found to be fairly stable, the crystals 
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readily decompose. V. Tliomaa evaporated the soln. obtained by passing bromine 
through water with thallous bromide in suspension, at 30° to 40°, but not higher, 
u!dtl the crystallizes on cooling. The soln. is very liable to undercooling, and 
a jet of carbon dioxide from a bomb will cool the liquid and start crystallization. 
If th(‘ warm soln. be cone, too far, it will decompose, giving off bromine. Thu 
long, pale yellow, needl(>-like crystals obtained by this process are likewise tetra- 
hydrated thalliu brtnnidc. The crystals melt at 40*", and they lose water and bromine 
when dried in vacuo. It lias not yet been possible to prepare anhydrous thallium 
h ibfomide, or thallic bromide, T1 Br;}, because when dehydration is attempted in vacuo, 
bromine and tliallium dibromide are produced; the same result was obtained by 
V. Thomas in the attempt to deliydrate the tetrahydrated salt in a current of air 
at 30°, and by J. Nickles, by confining the soln. over sulphuric acid in a desiccator 
—bromine was given off and Tl.jBr,^ was formed. According to V. Thomas, the 
heat of formation of the tribromide in aq. soln. isTl [-3Brii,,md-f-Aq. --TlBr3aq.+56'8 
(!ul 8 .; the heat of formation of the tetrahydraU'd liromide, is TlBrii,,,ii,}-| 

■b2Br|i,,„|,i -TlBr;i.4H._jO |-5!)'() ('als.; and th(‘ heat of soln. of tetrahydrated thallic 
bromide is -‘iAb (^als. 

U. J. Meyer reported the formation of yellow hairdike crystals of monohydrated 
thaliic bromida, TlBr^.H-iO, liy evaporating in vaeno tlie .soln. obtained by shaking 
thallous limmide in the cold witli bromine water. The crystals are said to be very 
unstable, and soluble, in water, alcoliol, and etiuT. J. E. Willm prepared thallic 
triamininobromide/riBr;j.. 3 Nlf 3 ,by mixing a cone, alcoholic soln. of thallic bromide 
with alcoholic aninionia. The resulting wliitc precipitate is washed with alcohol, 
and dried. Tin* colour soon becomes yellow owing to the partial decomposition of 
tlie salt. The componm! is decomjxised by water witli the separation of a black 
oxide. Wlien lu'uted to BK)'\ it forms a dark yellow sticky mass, and loses ammonia 
and bromine to form tliallous bromide. J. Nickl^s ])re[)ared a compound of thallic 
bromide with ether, TIBr:).3(('.>iIr,).d). 

K. .f. Meyer found that when a soln. of thallic bromide in hydrobromic acid is 
evaporated, a non-crystallizable syrup is f>roduced, but solid hijdioU-lmbiomvlhalbc 
acid, HTlBr 4 . 3 H.^() or TlBrj.ilBr.'UIoO, analogous with the corr(‘.sj)oudiug liydro- 
tetrachlorotliallic aei<l, has not been obtained. A similar .soln. was made by 
the action of hydrobromic acid on hyilrotetrachlorothallic acid- jjossibly 
Tl(T}.HBr.3lL() is first formed, and this ri'acts with more hydrobromic acid to form 
hydrotctral)romothaliic acid. d. Nickl^s prepared ammonium tctrabromo* 
thallatc, NK/n Br 4 . 2(4 or by the action of bromine on thallous and ammonium 
bromides, or of ammonium bromide on an ethereal soln. of thallic bromide. The 
former process furnishes needle-like, and tlic latter plate-like, crystals. The needle- 
like crystals lose 12’3 per cent, of water at 1(K)® ; and both forms melt in their water 
of crystallization. J. E. Willm made needle-like crystals by saturating with ammonia 
a soln. of bromine and thallium bromide suspended in alcohol. His analysis in¬ 
dicated that the solid contained ; J. Nicklijs’ analyses indicated dHoO, and 
2ILO. The crystals lose all their water in vacuo. 

J. Nickli)smadt‘tlie dihydrated potassium tetrabromothallate, KBr.TlBr 3 . 2 H 2 O, 
or KTlBr 4 . 2 H 20 , isoinorphous with the ammonium salt by a similar process. 
R. J. Meyer made it by evaporating in vacuo a soln. of equi-molar parts of thallic 
and potassium bromides. The large rhombic plates are stable in air, and, according 
to H. C. Wallace, the crystals are cubes and octahedra belonging to the cubic systenn 
According to J. Nickles, the salt begins to melt at 1 00 °, and, according to R. J. Meyer, 
the salt cannot be dehydrated without losing bromine—the loss of bromine occurs 
by exposure to air, for the crystals become covered with a crust of pale yellow 
thallous bromide. 0. F. Rammolsberg reported yellow cubic crystals of tribydrated 
potassium enneabromodithallate, 3 KBr. 2 TlBr 3 . 3 H 2 O, or K3Tl2Br9.3H20, but while 
R. J. Meyer cast doubts on the existence of this salt, the anhydrous chlorides and 
bromides of caesium have been made independently by J. H. Pratt. Pale yellow 
oubio crystals of monohydrated rubidium tetrabromothallate, KbBr.TlBr 3 .H 2 O, 
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wore mado by J. H. Pratt by crystallization from a soln. containing 3 to 24 grins, 
of rubidium bromide, and 40 grins, of tlmllic bromide. The salt cannot be retTvstal- 
lized from water without change. J. H. Pratt also made golden-yellow tetragonal 
crystals of monohydrated rabidiom hexabromothallate, SRbBr.tlBra.HoO, from 
soln. containing I'5 to 24 grins, of tballic bromide and 50 grms. of rubidium 
bromide. The axial ratios are «: c 1 : O'HOT.^. The crystals are feebly doublo 
refracting. The salt is .sparingly soluble in water, and pa8.se8 into RbTlBr4.H20 
when the attempt is ma<le to rccrystallize it from water. J. H. Pratt 
made pale yellow cubes of csesium tetrabromothaliate, (’sTlBr^. or (VBr.TlBri^, by 
mixing .soln. containing 40 grms. of thalhc bromi<le with 2 to 1<) gnus, of ciesium 
bromide. By recry.stallization from water, he obtained yel!owish-re<l erystaU of 
csesiom enneabroinodithaUate, 3<'SBr.2TIBr;): and the same salt again from a mix¬ 
ture of 1-15 gnus, of thallic bromhle and 50 grms. of ca'.sium bromide, it can be 
reerystallized from wat(T. 

J. rjeweeke prepan'd HuI|ihur-ye!low plate.s of thallic fluorodibromide* TIKBro, 
by dropping bromine into a .soln. of 3(t gnus, of thallous tluoride in 120 e.c. »if 
40 per eent. hydrotluorie acid betw«*en 30' ami 10' until the yellowish-wliite jire- 
cipitate first formed ha.s redissolved ; and evajiorating the soln. between 30’ and 40 . 
The crystals are more .stable than thallic bromide; lliey are soluble in absolute 
alcohol; decompo.sed by water; and form a yellowish-white powder of thalllc 
tetramminofluoibromide, TlFBr.> INIf;j. by a process analogous to that emploYcd 
for thallic tetramminotluorodichloride. This compound is decomposed by water, 
and IS slightly soluble m ab.solute alcohol. 

V. Thoma.s prepared tetrahydrated thallic bromodichloride, 'J'lBrt’L.lll^t), 
by the action of elilorinc on thallous hromide in the jm'.seiKM' of a little water. The 
comptniiul IS very unstable, and it is decomposed liv water and liy beat. V. Tlminas 
also prepared tetrahydrated thallium dibromochloride, TlBro('1.4!l^(), by the 

action of a small excess of bromine <ni thallous ehbiri<le in the pre.sence (d cold water. 
The .soln on evaporation furnishes pale yellow iieedh-s wliieli have properties 
recalling tho.se of a mixture of the hydrates of thalhc hromidc- and chloride. In 
vacuo, tln! crv'-tals lose chlorine, bromini*. and wal<T: t>(TK’lBr 211 LU) 
-2TI;,(’LBr( j 2 IH 2 U j t'L | 2Br^. They melt at IiT, tli(‘ tenijt. at which decom- 
jiosition begins. It is not certain if these two compounds are chemical individuals 
or mixtures of Tl(’l(.41U» and TlBrj-llLO. 

V. Thomas found that thallic chloride at alow f<‘m)). ah.sorbs hytirogen bromide, 
forming presumably hydrobromodichlorothaliic acid, Tlt’I^.MBr, or HTIBr(%; 
thallic bromide umler similar comlitituis aitsorbs liydrogen ehloride, b)rining pre* 
sumably hydrotribromochlorothallie acid, TlBr-j-IlCl or ilTK'lBrp In an analogous 
manner, the thallic bromochlorides ab.sorl) hydrogen chloride or bromide forming 
presumably the four comiiounds : Tl(.'LBr.ii(1; TlrlBr^.lK’l; TK'l 2 Br.llBr; and 
TU'lBr^.HBr. All these products are very soluble in water and are so unstable that 
they have not been isolated in the solid state. 

The action of bromine on thallous hromide clo.sely resembles that of ehlorine 
on thallous chloride, a mixture of thallium ses(]ui- and di- bromides is formed. 
The.se two compounds were first prepared by J. K. Willm.- Aecording to A. S. (hish- 
maiiH modification of J. E, Willm’s process, tliullous bromide is snsjicrnhsl m a 
very little water and treated with bromine, a yidlow com])ound is fonmal which 
dissolves on heating, and crystallizesoneooling in minute yellow needles which umler 
the microscope aj^iear as elongated square prisms of ihiVium (hhiomidc, TlBr^, 
or Tl 2 Br 4 ; if the soln. be cooled slowly the crystals are orange-red inst<‘a<l of red, 
and they are contaminated with a little bromine, but, adih’d V. Tfioniu.s, never 
more than corresponds with the formula Tl 2 Br 3 . Wlien the crystals of thallium 
dibromidc are dissoiviai in water and recrystallized, dark red h<‘Xagomil plates of 
th^um sesquibromide, Tl^Brg, or tballosic bromide, Ti’LBr.TIBrt, are produced. 
The reaction in the presence of water is symbolized : 3 TlBr 2 ' TI^Brj-j TIBr;j. In 
order to prepare the sesquibromide, V. Thomas moistened 1 to 5 grms. of thallous 
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bromide with a few c.c. of water, and agitated the product with 0'6 c.c. of bromine. 
The mixture was boiled with 50 c.c. of water, and after filtering o2 the undis- 
eolvcd thallous bromide, the soln. was cooled as rapidly as possible by immersing 
the containing flask in a freezing mixture when red crystals separated out. 
J. E. Wiilm precipitated thallium sesquibromide by adding potassium bromide to a 
mixed soln. of cq. amounts of thallous and thallic bromides; and he also agitated 
a soln. of thallic bromide with an eq. amount of thallous bromide. According to 
R. J. Meyer, the, crystals of thallium sesquibromide arc more easily decomposed 
by water than those of the corresponding chloride, and hence J. E. Wiilm washed 
them with dilute alcohol. When heated in the absence of air, J. E. Wiilm found 
the crystals become yellow, then brown, and finally melt with the evolution of 
bromine, and the formation of a sublimate which is brown when hot and yellow 
when cold. According to V. Thomas, thallium sesquibromide forms mixed crystals 
with thallous bromide which are orange-red or orange-yellow. 

Just as the treatment of thallous chloride with thallic chloride leads to the forma¬ 
tion of thallium scsquichloride, TI 2 CI 3 , or thallous hexachlorothallate, TlClj.STlCl, 
or Tl 3 'Tr"Cle, so does it appear possible that the treatment of thallous bromide 
with thallic chloride would lead to the formation of TlClj.STlBr, while the treatment 
of thallous chloride with thallic bromide would lead to the formation of TlBrs.STlCl. 
The thallium chlorobromides have been principally studied by C. Wiegand (1899), 
A. S. Cushman (1900), R. J. Moyer (1900), and by V. Thomas (1900-7). Bromine 
acts on cold thallous chloride in contact with cold water, forming a yellow powder 
with a composition varying between TlCl and Tl 40 l 3 Br 3 , dependent upon the pro¬ 
portion of bromine employed. A. S. Cushman prepared thallous dibromotetis- 
ohlorothallate, Tl 3 'Tl"'Br 2 Cl 4 , or TlClBrj.STK'l, belonging to the type Tl 3 [TlCl(j], 
by shaking thallous chloride with bromine in the presence of water until the white 
colour of the thallous salt had changed to orange-yellow; this product was washed 
by decantation with cold water, and finally dissolved in boiling water acidified with 
nitric acid; on cooling, dark orange hexagonal plates appeared which when purified 
by two crystallizations, washing, and drying gave analytical numbers in agreement 
with the indicated formula. V. Thomas employed a similar process for Tl 4 Cl 4 Br 2 , 
and by varying the proportions of bromine up to one gram-atom, he obtained pro¬ 
ducts varying in composition from TlCl to Tl 4 Cl 3 Br 3 . R. J. Meyer made thallium 
dibromotetrachlorothallate by dissolving thallous bromide in a hot soln. of thallic 
chloride, and cooling; and also by boiling the compound Tl 4 Br 4 Cl 2 with water. 

A. S. Cushman prepared what is possibly an isomeric form of this compound 
and of a citron-yellow colour, by treating thallous chloride with the mother-liquid 
from which the complex salt was obtained, and recrystallizing from nitric acid. 
The physical characters of the possible isomers are very much alike, and the differ¬ 
ence in colour may really have nothing at all to do with isomerism, but rather bo 
an effect of crystal aggregation and impurities. According to C. W. Blorastrand’s, 
and S. M. Jorgensen’s hypotheses, these compounds may be: 

/Br^Cl-Tl /CU-Br-Tl 

TlrBr-dn-Tl Tl^t'l=Br-Tl 

^CI-('1-T1 ^CUCl-Tl 

or, according to A. Werner’s hypothesis; 


Cl 

Br ^Cl 

C'l 


Cl 



y.Ol 

Nci 


Cl 


C. Wiegand and R. J. Meyer reported a compound of the composition Tl 3 CljBr 2 , 
but A. S. Cushman regarded this product as a mixture of Ti 4 C] 4 Br 2 with thallous 
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chloride. A. 8. CMhin»n also considers C. Wiegand'and R. J. Meyer's Tl 4 ('ljBr 4 
to be TIiCljBrj. Working by analogous methods it should be possible to prepare 
the following series of chlotobromides of the typo T^Clj: (i) l^OljBr; 
(ii) TljCljBru; (iii) TljCljBrn; (iv) Tl 4 Cl 2 Br 4 ; (v) Tl 4 ClBr 5 . Of these, only the 
second, third, and fourth have been reported. 

A. 8. Cushman found that when thallous bromide, suspended in hot water, is 
treated with a dil. soln. of thallic chloride, an orange-coloured substauee is formed 
which can be dissolved by boiling. Orange-coloured he.xagonal plates of thallous 
tribromotrichlocothaUAta, or TKtl3.3TlBr, are deposited ou cooling the soln. On the 
other hand, when thallous chloride, is suspiuided in a considerable proportion of hot 
water, and treated with a soln. of thallic bromide, a dark blood-red compound is 
formed which dissolves on boiling, and, on rapid cooling, crystallises out in blood- 
red hexagonal crystals of thallous tribromotrichlorothallate, TlBrj.STlCl, pre¬ 
sumably an isomeric form of the orange-coloured Tl(1j.3TlBr. According to 
C. W. Blorastrand’s, and 8. M. Jorgensen's hypotheses of the tervalency of the 
halides, these possibly isomeric products are formulated : 


,(n=.=Br-Tl 
Tl( ('l=Br-Tl 
CUBr-Tl 
Ocanso TWIj.STIUr. 

According to A. Werner's hypothesis: 


/Br=t'l -T1 
Ti; Br=C'l-Tl 

^Br----t;l-Tl 

Ited Tlllr,.3TICI. 



Flos. 1»- 20.—Werner’s Models for [TlCIiBrdTI,'. 


The orange-coloured salt is stable, the red-coloured salt, unstabh'; if orangn 
Tl('l3.3TIBr be tre.ited with an excess of thallic chloride, lemon yellow TK'lj.STK.’l is 
gradually formed; while the orange salt is transposied into the red variety by 
treatment with a cone. soln. of thallic bromide: TlCl3.3TlBr-|-3TIBr3 
—TlBr3.3TKll-(-3TIBr3. A. 8. Cushman adds that the electrical coroluctivities of 
these salts show that the salt TlBr3.3TlCl di.s.sociates on soln. into thallic bromide 
and thallous chloride; and when the soln. is cooled, the particular salt which 
separates depends on the temp, and solubility of the products of the thallous salt 
and the double salts respectively. If thallic bromide and thallous chloride exist in 
soln.and are in turn ionized, it is difficult to see why both isomers on rccrystallization 
retain their characteristic individuality instead of at least in part, passing into one 
another. By varying the cone, of the soln., A. 8. Cushman found it [lossible to 
prepare yellow needles of TlBrs.TlCI, or hexagonal crystals of red TlBr3.3TlCl, or 
orange TlCls.fiTlBr. 

R. J. Meyer could not prepare a salt by dissolving thallous bromide in a soln. 
of thallic chloride, but he did obtain the red salt by the action of chlorine on thallous 
bromide suspended in water, and recrratallizing the product from hot water. 
V. Thomas also treated 9’6 grms. of thallous chloride, susjicndcd in W-lOO c.c. of 
water, with 2 grms. of bromine, and obtained a yellow precipitate; he made the 
soln. up to a litre with water, and boiled the mixture till all excepting a few brown 
flecks of thallic oxide, the result of hydrolysis, was dissolved. On cooling the 
filtered soln., about i grms. of hexagonal plates of TIjClsBrs separated out between 
40” and 33°. The mother-liquid was cone, by evaporation, when a mixture of 
hexagonal plates and yellow needles separated out—the yellow needles contain 
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more chlorine than bromine. Both kinds of crystals when heated become orange- 
coloured and then blood-red ; the original colour is restored on cooling i both forms 
melt at 240°. According to A. S. Cushman, if the crystals of the orange and yellow 
forms of the thallous tribromotrichlorothallates be sealed up in glass tubes separately, 
under their own mother liquids, and gradually heated, at about 100°, the colour 
changes, and as the temp, rises still higher white precipitates resembling thallous 
halides gradually appear. On cooling, the double salts reform in well-defined 
crystals without any sign of the white thallous salts. The double salts do not 
exist in soln. above certain temp., for the state of equilibrium is quite different at 
higher temp, from what it is at the lower temp. This does not invalidate 
A. Werner’s theory, for the fact that ammonium chloride dissociates into NHg 
and HCI above a certain temp, does not affect belief in the existence of the complex 
[NHg ]C1 at lower temp. 

K. .1. Moyer sat. a boiling soln. of thallic bromide with thallous chloride, aud'on 
cooling the filtered soln. obtained dark rod plates of tetrathallium tetrabromodi- 
chloride, TlgCljBrg, i.e. TlBrClg.STlBr, or thallous tetrabiomodicblorotliallatei 
Tl 3 [TlBr 4 Cl 2 j; and he also obtained a dark red powder of the same composition 
by the chlorination of thallous bromide in the presence of a little water. These 
crystals arc very easily decomposed by water. When recrystallized from hot 
soln., the character of the product depends on the rapidity of the cooling. V. Thomas 
considers the existence of the compound TlgChgBrg as doubtful. As A. S. Cushman 
has said; 

The oiwe with which the eesquihalogen compounds of thallium undergo hydrolysis or 
decomposition, their hygroscopic nature, their mixed equilibria in relation to water of 
orystallisationand state of oxidation, and their generally complex nature, present dangerous 
pitfalls to the investigator. 

The end-product of the action of bromine on thallous bromide is thallium 
dibromide, TIBrg; V. Thomas heated these two components in a seated tube at 
100° when the reaction proceeds very quickly, but it occupies about 6 hrs. at 
ordinary temp. The excess of bromine can be driven off by heating the product 
to 100°. J. E. Willm prepared thallium dibromide by the process indicated above ; 
by mixing an aq. soln. of thallic bromide with an eq. amount of thallous bromide ; 
or by partially reducing a soln. of thallic bromide. Yellow needles of the dibromide 
separate out as the soln. cools. R. J. Meyer could not make thallium dibromide 
by J. E. Willm’s process, but he evaporated a soln. of thallous bromide in bromine- 
water ill vacuo until bromine was no longer given off. J. E. Willm’s process gives 
good results for thallium dibromide, but it is best made in the dry way on account 
of the hydrolytic action of water; it is conveniently made by the prolonged action 
of bromine on thallous bromide suspended in chloroform or carbon tetracbloride. 
Thallium dihromide forms yellow rhombic prisms which, according to R. J. Meyer, 
have a peculiar smell; they do not lose in weight when heated to 100°. The 
salt is slightly soluble in water, and it is gradually decomposed by that menstruum, 
forming thallium tribromide and a lower bromide. V. Thomas says thallium 
dibromide is somewhat soluble in bromine. 

According to R. J. Meyer, if freshly precipitated thallous chloride be suspended 
in water, and heated with an excess of bromine, the salt dissolves; and on evapora¬ 
tion of the soln. in vacuo, bromine is evolved and pale yellow crystals of thallium 
dibromochloridc, TlClBrj, are formed. A little thallic oxide, the result of hydroh'sis, 
also sc}>arates out. If the evaporation bo continued in vacuo over sulphuric acid, 
yellow rhombic prisms of a compound of the type TlX^, or TlgXg, namely, ttithallium 
tetnbiomodidhloride, TIjCljBrg, ate formed. R. J. Meyer, and C. Wiegand made 
the same compound by treating thallous chloride with a quantity of bromine 
insufficient to transform all the thallous into thallic salt. V. Thomas prepared this 
compound by frequently shaking 4'8 grms. of thallous chloride with a soln. of 2’8 
grms. of bromine in chloroform; in about a week, the crystals are washed with 
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chloroform. The product with carbou tetrachloride aa solvent is not so pure, and 
still leas so with carbon disulphide; in both cases thallium dibromide, TlBr.TlBri, 
is formed. The sulphur-yellow rhombic prisms of this salt become matte on exposure 
to air; they are rapidly decomposed by water, particularly when warm, the colour 
of the salt becomes dark yellow, and a part passes into soln. R. J. Meyer supposes 
that thallium dibromotetrachloride, Tl 4 Cl 4 Br 2 , is formed ; and V. Thomas represents 
the reactions by the equations : 4 Tl 3 Cl 2 Br 4 =Tl 4 CljBr 3 -|- 3 TlBr-i- 6 TIClBr 2 ; and 
2 Tl 3 Cl 2 Br 4 =Tl 4 Cl 3 Br 2 -(-[Tl 2 ClBr 6 ] in soln. According to V. Thomas, hydro¬ 
chloric acid acts like water, forming a salt of the typo TI 2 X 3 , or TI 4 X 3 ; hydrobromic 
acid displaces part of the chlorine; sulphuric and nitric acids decompose the 
compound, particularly if heated, liberating large proportions of the halogen; 
and bromine dissolves the salt in the presence of a little water, forming a thallic 
salt. When heated to about 150°, this salt deepens in colour, it melts to a yellow 
liquid at about 165°, and begins to decompose at a higher temperature giving off 
bromine, and leaving behind an orange-coloured crystalline mass of a compound 
of the tyjjc TI 4 X 3 , or TI. 3 X 3 . By passing bromine vapour over thallous chloride, 
or by heating bromine with thallous chloride in a sealed tube at 100°-120°, V. Thomas 
prepared a product of the TI 2 X 4 type, namely, tri thallinm tribtomotliohloiid6i 
Tl 3 Cl 3 Brj. The salt is not very stable, and is decomposed by water to form a com¬ 
pound of the type TI 2 X 3 . R. J. Meyer claims to have obtained an intermediatrj 
product, tri thallinm tettachloro^bromide, Ti 3 Cl 4 Br 2 , by the chlorination of thallous 
bromide in the presence of a little water, and the same product was obtained by the 
action of water on bromochlorides of the tyjn: TI 2 X 4 . When this substance is 
boiled with water, it passes into Tl 4 ClsBr 3 . J. Kendall and co-workers made 
thallous tetrabromoalmninate, TIBr.AIBr,, melting at 210°; and thallous 
heptabromoalummate, . 3 TIBr. 2 AIBr 2 , melting at 112°. 
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§ 10. Tballim Iodides 

Thallium was shown by If. Crookes ^ to unite with iodine ; it forms thallons and 
thallic iodides, Til and Tlfj, and the intermediate iodides, Tljls and TI 3 I 4 . Thallous 
iodide, TIi, can be prepared by proeesses analogous to those employed for the 
chlorides and bromides. W. Crookes made it as a citron-yellow precipitate by adding 
potassium iodide to thallous salt soln. It exists in many differently coloured forms— 
green, yellow, and red. For example, M. Hebbctling obtained the red variety by 
adding potassium iodide to a warm cone. soln. of a thallous salt, and 6 . Werther 
found it separated as a dark orange-yellow precipitate, from hot and cone, 
soln.; while the colour is pale citron-yellow from cold and from dil. soln.; and hot 
soln. of potassium acetate furnish minute orange-yellow cubes or octahedra. 
J. B. Willin found hot soln. of potash-lye gave red crystal plates which after a time 
become yellow. Yellow thallous iodide crystallizes in the rhombic system, the red 
variety in the cubic system. F. A. Henglcin found the mol. vols. of thallium, silver, 
and cuprous chlorides give a straight line when plotted against numbers corresponding 
with anions or cations. According to M. Hebberbng, the transition temp, from the 
yellow to the red variety is 190°, but this is probably too high. D. Gernez places 
it near Ids'*; B. Gossner at 160°; and K. Monkemeyer at 174'5°. The conversion 
from one form to the other is often very slow. A hot Altered aq. soln. of thallous 
iodide deposits red crystals when rapidly cooled, but yellow crystals if slowly cooled 
in presence of the yellow form. According to C. van Eyk, the transition temp, is 
lowered by the addition of thallous nitrate. According to T. Kniisel, when freshly 
precipitated yellow thallous iodide is exposed to the sun’s rays, it becomes green 
and crystalline without changing its composition ; the green form is somewhat more 
soluble in hot water than the yellow form, and it crystallizes from hot water in 
minute green crystals which have a high refractory power. The green form gradually 
changes to the yellow form, and the change is accelerated by heating it with aq. 
iodine or potassium iodide, but not by heating it with water. The green variety 
becomes red when strongly heated. According to R. E. Liesegang, of all the thallium 
compounds thallous iodide is the most sensitive to light; and if prepared by double 
decomposition on gelatine paper, it becomes dark brown by half an hour’s exposure 
to dilfuso daylight. 

According to F. W. Clarke, the sp. gr. of yellow precipitated thallous iodide is 
7 072 at 15'6°, and of red fused thallous iodide, 7 0975 at 14'7°; A. Lamy gave for 
the latter, 7'056. W. Biltz calculated the lattice energy of thallous iodide to be 180 
Cals. The compressibility coefl., according to T. W. Richards and G. Jones, is 
6'8 X10^ per atm. S. Motylewsky found the weight of a drop of thallous iodide at its 
m.p. is 137 when that of water at 0° is 100; the capillary constant is <r~0 076w ; and 
the sp. cohesion where D is the sp. gr. at the, m.p. According to M. Heb- 

berling, when thallous iodide is heated it melts to a black liquid which freezes on 
cooling to a crystalline mass which is Arst red and then yellow. T. Carnellcy Arst 
gave 446° for the m.p., and later 439°; K. Monkemeyer, 431°; H. Stolzcnberg 
and M. E. Iluth, and C. van Eyk, 422°; and H. von Wartenberg and 0. Bosse gave 
440°. H. Stolzeuberg and M. E. Huth say that when the molten salt is cooled, the 
liquid becomes anisotropic; C. Tubandt and B. Lorenz say that the phenomenon 
is due to the use of an impure salt. W. Crookes, and G. Werther noted that when 
strongly heated, thallous iodide sublimes with partial decomposition; A. Lamy 
and A. des Cloizeaux say that the salt is volatile at a red heat; and T. Carnelley and 
W. G. Williams, that it boils between 800° and 806°. H. von Wartenberg and 
0. Bosse found the vap. press., p, to be 159'2 mm. at 693° ; 385-8 mm. at 763° ; 
691-4 mm. at 801°; 748-6 mm. at 822°; and, at the absolute temp., T log p 
=—25168/4-571J’-t-5-021. The b.p. is 824°. K. Monkemeyer obtained unbroken 
series of mixed crystals of thallium iodide with thalAum bromide. The rounded 
curve of the f.p. of mixed crystals of these two components has a minimum at 411° 
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irith 42 molar per cent, of thallous bromide. With thallium chloride and iodide 
there is a V-shaped f.p, curve with the eutectic at 316° and 52 molar per cent, of, 
thallous iodide. Thailous chloride can take up only a little thallous iodide, but 
thallous iodide can take up 18 per cent, of the chloride in the form of mixed crystals. 
J. Thomsen gives for the heat of formation Tl-(-I=TlI-f 30-2 Cals.; M. de K. Thomp¬ 
son, 29'7 Cals. J. Thomson gives for the heat of soln. Tll-|-Aq.= —17'86 Cals. 
6. Jones and W, C. Schunib gave 12211 kj. for the heat of formation, U, at 25°, 
and 125'79 kj. for the free energy of formation at 25°, and 125'48 kj. at 0°. 
A. Benrath found that the iodide is not affected by exposure to light. W, W.Coblenta 
and J. P. Eckford measured the photoelectric sensitivity of thallous iodide. The 
specific conductivity of the sat. aq. soln. at 18° is 22’3 x 10"® reciprocal ohms per cm. 
cube. J. C. Ghosh found the sp. conductivity at 523° K. to be 0 0001 ; at 623° K., 

0 0010; at 673° K., 0 0027 ; and at 702°, 0 0048. G. von Hevesy found the ratio 
of the conductivities above and below the m.p. is 100 ; and the gain of energy in 
rendering the ions of the crystal neutral, 81 cals.— vide the chloride. G. Jones and 
W. C. Schumb measured the electrical conductivity of aq. soln. of thallous iodide. 
The reactions resemble tho.se of the chloride. 

The solubility of thallous iodide in water has been measured for about two 
temp, by W. Crookes, G. Werther, M. Hebberling, A. Lamy, G. Jones and 
W. C. Schumb, F. Kohlrausch, and W, Bdttger. The best representative values for 
the solubility, <S', at d° in grams per lOO c.c. are : 

0" 20" 40’ 00' SO' loo" 

Solubility . 0 002 OOOO 0015 0 036 0 070 0’l20gm). 

W. Crookes says that thallous iodide is more soluble in the presence of an excess of 
polassiutn iodide than in water. A. Lamy, and M. Hebberling say it is less soluble. 
A. A. Noyes found that the solubility is depressed in the presence of thallous nitrate 
such that a soln. with 0, 4'336, 7 820, and 25 400 grins, of thallous nitrate ))er litre 
dissolve respectively 2‘469.1 164,0 820, and 0 420 grins, per litre of thallous bromide 
at 25°. According to J. H. Long, 100 c.c. of 2’5 per cent. nq. ammonia dissolve 
0 0761 gnu. of thallous iodide, and of 6 5 per cent, ammonia, 0 0758 grm.—for 
thalloos triamminoiodide, TILSNH^, see the corresponding chloride. W. Biltz 
found the vap. press, of the triammine at —50° to be 274 (307) mm.; at —60°, 
159 (165) mm.; and at —79°, 38 (39) mm., when the values for liquid ammonia arc 
indicated in brackets. The teiii]). of decomposition at 100 mm. press, is —70°, and 
the heat of formation 71 Cals, per mol of ammonia. G. L. Clark made some 
observations on this subject. 

E. Carstanjen says that thallous iodide is less soluble in acetic acid than in water, 
and he, M. Hebberling, G. Werther, and J. H. Long have found the solubility to bo 
diminished in alcoholic soln. According to J. H. Long, 100 c.c. of 90 per cent. 
akohol dissolve 0 00038 grm. of thallous iodide, and of .50 per cent, alcohol, 0 0027 
grm. A. Neumann reports thallous iodide to be insoluble in acetone ; A. Neumann 
and J. Schroder, insoluble in pyridine. M. Hebberling says that dil. sulphuric 
acid, hydrochloric acid, and alkali hydroxides do not decompose thallous iodide; 
and that boiling dil. nitric acid, and the cone, cold acid, liberate iodine; J. E. Willm, 
that chlorine water and aqua regia dissolve the salt without liberating iodine— and 
suggests that a thallic chlwoiodide is formed ; G. Werther, that thallous iodide is 
completely decomposed by zinc and alkali hydroxide soln,, and also by boiling soln. 
of ammonia and silver nitrate ; thailous iodide is reduced to thallium by fusion with 
potassium cyanide ; and A. Lamy and A. des Cloizeaux, that it is partially reduced 
when heated with carbon. J. Bariot and J. Pernot prepared brown elongated 
crystals of mercuric thallone iodide, TII.Hgl^. 

A thallium iodide intermediate between thallium mono- and tri-iodides was 
prepared by W. Strecker, in 1865, by adding potassium iodide to an ammoniacal 
soln. of a thallic salt in tartaric acid. The black precipitate contains no free iodine or 
nitrogen iodide ; the precipitate obtained from soln. occurs in minute crystalline 
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rhombieplates, and 8. M. Jorgensen says that while the analyses agreed with 
■they can be better represented by Tlflg or Tlglg. T. Kndsel treated thallons iodide 
with iodine in aq. soln., and obtained a black precipitate which he supposed to be 
thalloiio iodide, or thaUium sesquiodide, TI 2 I 3 , but 8. M. Jorgensen considers the 
assumption that the product is tritlulliDm tetraiodide, TI 3 I 4 , or TlIs.bTII, agrees 
better with T. Knosol’s analysis. S. M. Jorgensen obtained a similar product by 
warmiug thallous iodide with a cone. soln. of iodine in hydriodio acid, and evaporating 
to dryness at about 70°; he prepared a less pure product by precipitation from a 
soluble thallic salt, by adding potassium iodothallate; and by digesting thallous 
iodide with an ethereal or alcoholic soln. of iodine. According to W. Maitland and 
R. Abegg, at 25° thallous iodide is stable in soln. with less than 0'0019 grm. or 
0'76 X 10~5 mol. of iodine, I 2 , per litre of water, and if this cone, be exceeded, 
thallous iodide passes into trithallium tetraiodide, TI3I4, i.e. Tljlg; this iodide 
is stable in soln. with between 0 0019 grm. or 0’76 X 10“* and 0 082 grm. or 3'3 X 10“* 
mol of iodide, I^, per litre, and with greater cone, than this, the salt is converted 
into thallium tri-iodide, TII3. According to 8 . M. Jdrgensen, trithallium tetra¬ 
iodide is sparingly soluble in water and organic liquids with partial decomposition; 
when trithallium tri-iodide is boiled with alcohol, it loses iodine and becomes yellow 
and the iodide is reduced to thallous iodide; when kept over sulphuric acid in a 
desiccator at 110°, it behaves similarly. When warmed with zinc and dil. ammonia, 
the thallium separates out in a metallic form. 

J. Nickihs first prepared tballic iodide or thallium tii-iodide, TII 3 , by evaporating 
an ethereal soln. of thallous iodide and iodine. He stated that he did not obtain 


it in a pure condition because his product was always contaminated with a little 
free iodine. H. L. Wells and 8 . L. Penfield say that they modified J. Nicklbs’ method 
by using alcohol as solvent, and encountered no difficulty in preparing the pure 
product. The amount of iodine used was slightly in excess of the theoretical amount, 
and the soln., produced after a long digestion, was evaporated over sulphuric acid 
until crystallization occurred. The crystals obtained were often large, and quite 
black; and the bright lustre was slowly lost on exposure. The crystals belong 



Flos. 21-23.—Habits of Crystals of Thallium 
Tri-iodide. 


to the rhombic system and are 
isomorphous with the rhombic 
alkali trihalides. The crystal 
habits are illustrated in Figs. 21 
to 23. The axial ratios of thallic 
iodide agree closely with those 
of rubidium and ctesium tri- 
iodides. The ratios o : 6 : c are 
0-6868 :1 :1-1234 lor rubidium 
tri-iodide; 0-6824 :1:1-1051 for 


cecsium tri-iodide; and 0 6828: 1 : 1 1217 for thallium tri-iodide. The small 


influence of the effect of substituting thallium for rubidium is remarkable when 
the great difference in the atomic weights of the elements is considered. 


The isomorphism between the higher iodides of thallium and the alkali metals 


led H. L. Wells and 8 . L. Penfield to conclude that the arrangements of the atoms 
in this series of compounds is the same, and this in spite of the apparent tervalency 
of thallium in the thallic compounds. They say that this compound is therefore 
thallous tri-iodide, Til.Ig; this does not mean that all thallic salts are similarly 
constituted, for thallium tri-iodide may not be a true thallic salt at all, and the 
thallic salts may possess quite a different kind of structure. H. L. Wells and 
8 . L. Penfield also suggest that thallium may really belong to the alkali metal group 
in the periodic table occupying one of the vacancies between metals of at. wt. 170 


and 220 . 


W. Maitland and R. Abegg say that the thallium tri-iodide, TII 3 , may be regarded 
as a tautomeric substance; Tl'Isv^Tl— 13 , since it reacts towards a soln. either as 
a compound of univalent thallium with the SP-ions or as an iodide of tervalent 
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thallium depending on the snhstances with which it is brought into contact. From 
its solubility relations and the fact that a change in the composition of the solid 
substances in equilibrium with the soln. produces only a relatively small change in 
the thallous iodide cone., it follows that the solid tri-iodide is to be regarded 
as essentially a thallous compound. J. Nickl^ says that thallium tri-io^de is 
sparingly soluble in ether, but W. Maitland and B. Abegg say that this is an 
erroneous observation because iodine appears in the soln. J. Nickihs adds that 
at a red heat an orange-yellow sublimate—presumably thallous iodide—is formed. 
H. L. Wells and S. L. Penfield obtained no evidence of the formation of lhaUow 
pentaiodide, analogous with the ctesium pentahalides, by mixing increasing propor¬ 
tions of iodine with thallium tri-iodide in alcoholic soln. 

Thallium tri-iodide forms a number of double salts with the metal iodides. 
J. Nicklhs prepared red plates of anunonimn tetraiodothallate, MH 4 I.TII 3 , similar 
to the corresponding bromothallate. When treated with water, iodine separates 
from this salt; at 100°, it blackens, and loses about 34 per cent, of iodine, leaving 
a yellow powder of presumably thallous iorlide mixed with some black substance. 
J. E. Willm boiled thallous iodide with an alcoholic soln. of potassium iodide and 
iodine in the calculated proportions until all was dissolved. The cone. soln. furnishes 
large black cubic crystals of potassiam tetnuodothallate, KI.TII 3 , or KTII 4 , which 
in transmitted light appear garnet-red. According to G. S. Johnson, the salt 
prepared by J. E. Willm’s process is KI.TlI 3 . 2 H 2 O. The crystals are stable in dry 
air nor is any weight lost in vacuo. This salt can be recrystallizcd from alcohol; 
it is decomposed by water with the separation of iodine. Iodine vapours are 
evolved when this salt is heated to 50°-60°, leaving a residue of potassium and 
thallous iodides; the decomposition is complete at 100°. 0. F. Rammelsberg 
reported the formation of black octahedral crystals of trihydrated potMtitim 
enneaiodothallate, 3 KI. 2 TII 3 . 3 H 2 O, from a soln. of thallous iodide in aq. 
potassium iodide. The crystals are said to be decomposed by water with the separa¬ 
tion of thallous iodide. 0. S. Johnson coidd not confirm C. F. Rammelsberg’s work 
on this salt. J. H. Pratt prepared dihydrated ruhidium tetralodotluUlate, 
RbI.TlI 3 . 2 H 2 O, or RbTll 4 . 2 H 20 , from soln. of thallic and rubidium iodides. The 
ruby-red crystals become matte on exposure to air, and are decomposed by water. 
J. H. Pratt made similar crystals of csesium tetraiodothallate, CsI.TlIs, or O 8 TII 4 . 
8. M. Jorgensen sat, a soln. of thallous iodide in hydriodic acid mixed with a little 
iodine, with ammonia, and added the product to a warm dil. soln. of cupric tetrsm- 
mino-sulphatc; the reddish-brown needles which formed were washed rapidly with 
cold water, pressed between filter-paper, and dried in a desiccator over calcium 
chloride. The analysis of the product agrees with CQpiic tetrammilio-octoiodo* 
thallate, CuI 2 . 2 TlI 3 . 4 NHs. On heating to 120°, iodine and ammonia are lost, and 
cuprous and thallous iodides remain. This compound is decomposed by a prolonged 
washing; and it is decomposed by aq. ammonia in which it is partially soluble. 
It dissolves in alcohol. When digested with zinc and water, the metals thallium 
and copper separate out. 
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Percent of sulphur 
Fro. 24. — Molting ■ point 
Curve of Binary Mixtures 
of Sulphur and Tballiaro. 


§ 11. Thallium Sulphides 

Thallium unites directly with sulphur when the two elements are fused together. 
According to H. Pclabon,* when fused mixtures containing more than 2 gram- 
atoms of thallium for one gram-atom of sulphur form 
two layers, the upper layer consists of thallium sul¬ 
phide, Tl^S, containing 7 26 per cent, of sulphur, and 
solidifying at 448°, whilst the lower is pure thallium, 
solidifying at 302°. The portion of the m.p. curve 
corresponding with such mixtures is horizontal, Fig. 24. 
The curve for mixtures containing 7'26 per cent, to 28'2 
per cent, of sulphur corresponds with the separation 
of TlgS;, m.p. 295°. The m.p. curve becomes again 
horizontal for mixtures containing a greater proportion 
of sulphur; those, on fusion, form two layers, the lower 
consisting of the pentaaulphide, Th^Ss, m.p. 127°, and the upper of sulphur. 

According to W. Crookes, and A. I.amy, thallous sulphide, TI 2 S, is precipitated 
when hydrogen sulphide or ammonium sulphide is added to an alkaline or acetic 
acid solo, of a thallous salt; but A. Lamy obtained a crystalline mass by melting 
the amorphous precipitate. M. Hebbcrling obtained crystalline thallous sulphide by 
passing hydrogen sulphide on a cold, not too dil., soln. of thallous sulphate acidified 
with only a trace of sulphuric acid. V. Stanek also obtained crystals by heating a 
mixture of amorphous sulphide with colourless ammonium sulphide, (NH 4 ) 2 S, in a 
sealed tube at 160°-200° ; if ammonium polysulphide is used no crystals are obtained. 
In a cold moderately cone. soln. of thallous sulphate acidified by a trace of sulphuric 
acid, G. Oarstanjen obtained the crystalline sulphide by boiling an alkaline soln. of a 
thallous salt with sodium thiosulphate. 0. Brunck obtained an incomplete precipita¬ 
tion of the amorphous sulphide by adding sodium hyposulphite to a thallium salt 
soln. The precipitate appears first reddish-brown, then violet, and finally black. 
No precipitation occurs in the presence of many acids. E. Carstanjen obtained a 
crystalline mass by melting together eq. proportions of the two elements— vide supra. 
W. Crookes obtained the crystalline sulphide by melting thallous sulphate with 
potassium cyanide; K. Briickner, by melting it with sulphur; and W. R. Hodg- 
kinson and C. C. French, by the action of dry ammonia at a red heat. C. Winssinger 
prepared a chocolate-brown colloidal solution ot thallons sulpbidc by treating a very 
dil. soln. of thallous sulphate with hydrogen sulphide, and dialysing the product. 

W. Crookes, and A. Lamy found the dark brown or black precipitate flocculates 
when boiled with the mother-liquid. E. Carstanjen said the crystals are six-sided 
plates or needles; and M. Hebberling said that the plates are tetrahedral with 
twinned forms. E. Carstanjen showed that the thallous sulphides prepared by fusing 
the two elements and by precipitation with ammonium sulphide are the same. 
A. Lamy said Uiat the sp. gr. is about 8. According to W. Crakes, and A. Lamy, 
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when heated out of contact with air, thallous sulphide melts and volatilizes; and 
the cold mass has a crystalline fracture. The ni,]>. is 448°. H. von Wartcnberg and 
0. Bosse studied the volatilization of thallium sulphide. H. Pelabon found the 
partial press., p, of the hydrogen sulphide at (125°, starting with hydrogen in contact 
with a mixture of sulphur and thallium, arc l iK) and 9914 cins., when the amounts 
of sulphur in at. per cent, are, respectively, 33’33 and 60 00. The intermediate 
values give a straight line. J. Thomsen gave for the heat of formation (2T1, S) 
=27'7 Cals. H. Pelabon measured the electrical conductivity of thallous sul¬ 
phide and found it to be influenced by the temp, and by the mode of preparation. 
0. Weigel measured the solubility of the sulphide. 

A. Lamy said that thallous sulphide oxidizes readily to the sulphate when 
exposed to air; and, added M. Hebborling, the amorphous sulphide oxidizes more 
readily than the crystalline form. The last-named also said that when heated 
on the water-bath, thallous sulphide .slowly burns. According to W. Bottger, 
thallous sulphide is very sparingly soluble in water—a litre of water at 19'9° 
dissolves 0 0215 mol. A. Classen and 0. Bauer found thallous sulphide to be, 
readily oxidized and completely dissolved by an ammoniacal soln. of hydrogen 
peroxide. E. Carstanjen stated that thallous sulphide is reduced when heated in a 
current of hydrogen. W. Crookes, and A. Lamy found thallous sulphide to bo 
virtually insoluble in aq. soln. of ammonia, potassium cyanide, ammonium sulphide, 
and alkali hydroxides and carbonates. W. Crookes, and M. Hebberling found it 
to be sparingly soluble in an aq, soln. of oxalic acid, and in acetic acid ; W. Crookes 
found it to be sparingly soluble in hydrochloric arid, and readily soluble in nitric 
acid ; while .1. E, Willm found it dissolves readily in sulphuric acid. E. Schtirmann 
found that thallous sulphide is dissolved by soln. of salts of cobalt, nickel, and 
iron, but not by salts of manganese—manganese sulphide is converted into nitrate 
by a soln. of thallous nitrate. 

Thallous sulphide was shown by J. W. (Junning, and L. E. Hawley to form 
complexes with the sulphides of arsenic, antimony, and tin, and they are prccipitateil 
from soln. of the mixed salts. L. Bruner and J. Zawadsky showed that the value 
of the constant K -^LTl'J^HoSj/fH ]- alters when the sulphides of other metals are 
|)recipitated along with thallium ; they found that copper and thallous sulphides 
form thallous pentasulphocuprate, TI 2 S. 4 CUS, or 
TljCujSj, over the interval 20-36 molar per cent, of 
thallium sulphide. The salt forms a series of solid soln. 
which arc best explained as being soln. of thallous 
trisulphocuprate, Tl^S.flCuS in TI 2 S. 4 CUS, and of TljS 
in Tl. 28 . 2 CuS. At cono. of more than 36 molar per 
cent, normal values of the equilibrium constant arc 
obtained; there arc then two solid phases, consisting 
of thallium sulphide and probably a soln. of thallium 
sulphide in the compound Tl. 2 S. 2 CuS. H. Huber 
measured the equilibrium conditions in the system 
Ag^S—TI. 2 S by the thermal method. The results are 
summarized in Fig. 25. There is a eutectic point at 
306° with 55 pet cent, of thallous sulphide; and with 
less than 31 per cent, of thallous sulphide there is an 
arrest in the cooling curve due to the formation of 
crystalline tballous sulphide, AAgjS.TIjS. The break at 175° is due to the 
transformation of silver sulphide. 

A. Strecket showed that tballic sulphide, TlgSj, cannot be obtained by the action 
of hydrogen sulphide on an aq. soln. of a thallic salt, for the tballic sulphide, if 
formed, is instantly reduced to thallous sulphide and free sulphur; but if ammoniacal 
soln. of thallic oxide in the presence of phosphoric or tartaric acid be treated with 
hydrogen sulphide, the precipitate is probably tballic sulphide. E. Carstanjen 
made thallic sulphide by melting thallium with an excess of sulphur and distilling 
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System, Ag,8—TI,S. 



464 


INORGANIC AND THEORETICAL CHEMil^TRY 

off the free sulphur. The amorphous black mass becomes soft and plastic at 
exceeding 12°. Thallic sulphide gives oB hydrogen sulphide and dissolves ? 
treated with dil. mineral acids; no sulphur separates in E. Cantanjen’s 
cess, but, with A. Strecker's process, sulphur does separate. According to 

E. Carstanjen, no sulphide is dissolved by carbon ^sulphide, and it is reduced 
to the metal when heated in hydrogen. According to J. W. Gunning, the sulphide 
reported by R. Bdttger to be produced by boiling ffue-dust with sodium thiosniphafe 
soln. is really thallium sulphoarsenide. B. Schneider prepared potassinm tetra- 
salpbothallaie, KjS.TljSj.or KTIS 2 , by fusing together one part of thallous sulphate 
or chloride, 6 parts each of potassium carbonate and sulphur, and extracting the 
cold mass with water. The dark red crystalline powder has a sp. gr. 4’263-A-60. 
When heated in hydrogen, sulphur is given off and a mixture of thallous and potas¬ 
sium sulphides remains; G. Krttss and H. Solereder found thallium and potassium 
sulphides are formed. According to R. Schneider, the double sulphide is stable 
in air at ordinary temp. It melts without decomposition when heated out of 
contact with air, but if heated while exposed to air, the sulphur is oxidized. With 
hot nitric acid, sulphur separates. If the powder is treated with silver nitrate, 
some thallium and potassium are replaced by silver. 

R. Schneider prepared thallium pentasulphide, TljSj, by heating thallous 
sulphate with sodium thiosulphate, or sodium carbonate and sulphur. It is a 
brick-red powder which rapidly turns brown on exposure to air. The pentasulphide 
prepared by H. Pelabon— vide supra—mehs at 127°. K. A. Hofmann and 
F. Hochtlen saturated a cone. aq. coin, of ammonium polysulphidc with thallous 
chloride, and obtained glistening black opaque prisms of the pentasulphide by 
allowing the soln. to stand for a few days. L. F. Hawley doubts if the pentasulphide 
is a chemical individual. 

E, Corstanjon reported a number of intermediate sulphides—thalloslo sulphides. He 
obtained TljS : Tl«Sj=i5: 3 by the action of ammonium sulphide on thallosic chloride, 
Tl 4 Cla; and 1: 1 by fusing thallium with rather less than an eq, proportion of sulphur. 

R. Schneider also obtained 1: 2 by melting one part of thallous sulphate with six parts 
each of sodium carbonate and sulphur, and extracting the mass with water. According to 
L. F. Hawley, the highest sulphide corresponds with TljSj, and a complete series of solid 
soln. exists between Tl,8 and Tl,Sj. By treating thallous sulphide with sodium sulphide 
soln. in whioh varying amounts of sulphur have been dissolved and afterwards saturating 
with hydrogen sulphide, products are obtained containing from 90‘4I) per cent, of thallium 
(corresponding with T1*S) to about 70 per cent, of thallium. By adding acid soln. of a 
thallium salt to a slight excess of sodium polysulphide, precipitates can be obtained 
containing from 26 per cent, to nearly 100 per cent, of sulphur. It is found that between 
pure thallous sulphide and the product containing about 81 per cent, of thallium, the solid 
18 homogeneous; from 81 per cent, to 70 per cent, of thallium, phases are distinguishable, 
whilst from 70 per cent, of thallium to pure sulphur the solid is again homogeneous. 
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§ 12. Thallinm Sulphates 

Tlio early workers on thallium--W. OrookiM,' and A. Lamy—prepared both 
thullous and thallic sulphates. When thallium, thallous hydroxide, or carbonato 
dissolves in sulphuric acid, a soln. of thallous sulphate, TI 2 SO 4 , is formed. W. 0. Rabe 
covered the metal with water and added enough cone, acid to dissolve the metal. 
The dissolution is beet conducted on a water-bath when hydrogen is rapidly evolved ; 
the attaek with dil. sulphuric acid, sp. gr. 117, is comparatively slow. The filtered 
soln. gives colourless needle-like crystals on cooling. The salt is also obtained by 
evaporating thallous chloride or nitrate soln. with an excess of sulphuric acid. 
The e.xcc 8 s sulphuric acid must be driven oil at a red heat or the hydrosulphato 
may be obtained. J. Krause converted thallous chloride to sulphate by fusion 
with sodium hydrosulphate. 

The colourless prismatic crystals were measured by b, Pasteur, V. von Imug, 
0. Werther, and A. Lamy and A. des Cloizcaux and found to be isomorphous with 
jiotassium and ammonium sul|)ha£e 8 . W. Stortenbeker prepared mixed crystals 
of the type (K, Tll-^SOi; and he obtained good crystals of thallous sulphate by 
crystallization from a soln. slightly acidified with sulphuric acid. According to 
A. K. H. Tutton, the bipyramidal rhombic crystals have the axial ratios a : b : c 
—0'5550:1 ; U'7328 ; and the sp. gr. is 6'765 at 2071'. A. Lamy gave 0'C03 
for the crystals, and he found that the salt melts at a red heat and freezes to a 
transparent glass of sp. gr. 6'77. T. (Jaruelley gave 032' for the m.p. of the salt. 
R. von Sahmen and (J. Tammaiin found that the coeli. of expansion between 
400' and 450' is three to six times smaller than that below or above this 
interval. W. Crookes found that thallous suljihate could be heated for a long 
lime in a covered crucible without loss of weight; and E. Carstanjen added that 
over the gas blowpipe, or in air, sulphur dioxide is evolved and thallic oxide formed. 
J. B. J. 1). Boussingaiilt found 0'32l grm. of thallous sulphate volatilizes completely 
when heated in an open platinum crucible over the gas blowpipe flame. The 
observations of C. F. Rammclsberg, G. Werther, R. J. Meyer, W. Stortenbeker, 
and P. E. Browning show that thallous sulphate is stable enough to be ignited 
and weighed in this form for gravimetric analysis; but if too strongly heated, it 
rapidly loses weight. A. E. H. Tutton found the three refractive indices to be; 

LI- C tin- Tl f'-llne 

a . . 1'8403 1-85(I9 1-8600 1-8704 1-8869 

a . . 1-8563 1-8679 1-8671 1 8778 1-8936 

y . . 1-8739 1-8765 1-8863 1-8964 1-9126 

The double refraction is positive. K. A. Hofmann and co-workers found that 
thallous sulphate fluoresces when exposed to the cathode rays; but does not act in 
darkness on a photographic plate. E. Franke measured the eq. electrical conduo- 
tivity. A, in reciprocal ohms, at 25°, and found that for a mol of the salt in v litres of 
water: 

V . . .16 32 64 128 266 612 1024 

A . . 101-3 113-1 129-9 131-2 138-3 143-1 146-4 

A. Heydweiller investigated the sp. gr. and electrical conductivity of solu. of thallous 
sulphate. A. A. Noyes and K. G. Falk found the percentage ionization of soln. with 
1, B, 20, and 200 millieq. of salt per litre to be respectively 94-8,88-2, 78 0, and 66-1, 
C. Drucker found that the depression of the f.p., and the cone, jiotentials of aq. soln. 
of thallous sulphate agree with the assumption that during ionization some Tl- --ions 
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are formed. The law of mass action applies for dil. soln., and also for cono. soln, 
when due allowance is made for the oxidation— vide thallous nitrate. C. Drucker 
found the first ionization constant of thallous sulphate to be 0‘23, and the second 
ionization constant, 0 014. G. N. Lewis and M. Randall measured the activity 
cocff. W. Schmidt found the dielectric constant to be 28. 

W. Crookes, A. Lamy, and G. Wyrouboff made some observations on the solubility 
of thallous sulphate in water. The Earl of Berkeley found the following per¬ 
centage solubilities, S grms. TI 2 SO 4 per 100 grms. of soln: 

0 “ 10 " 20 ' 30' 60' 70' 90” 09'7' 

8 . 2-63 3-87 4'64 6'80 8-44 11'31 14'19 16'67 

Observations were also made by A. E. H. Tutton, A. A. Noyes, F. S. Farrel, and 
M. A. Stewart. E. Cohen and co-workers represented the effect of press., p atm., 
on the solubility, S, of thallous sulphate in grms. per 100 grms. of sat. soln., at 30°' 
by S=5-831-|-0 003377p-0 0el76p2, or by /S=6-831-f0 003295p-0-Oel09p2; they 
observed for the solubility at 30°, 5'831 at 1 atm.; 7-48 at 500 atm.; 9 03 at 1000 
atm.; and 10'50 at 1050 atm. W. Stortenbeker found that thallous sulphate 
dissolves more readily in dil. sulphuric acid than in water. F. Ishikawa studied the 
vol. change which occurs when thallous sulphate is dissolved in water, and found 
-0 05407 o.c. per gram by the sp. vol. method, and -0 04906 c.c. per gram by the 
e.m.f. method; he also found the heat of soln. to be —14-58 to -14-75 cals, per gram. 

A. A. Noyes and M. A. Stewart found that, at 26°, soln. with 4-878 and 9-747 grms! 
of sulphuric acid per litre dissolved respectively 59 09 and 62-96 grms. of thallous 
sulphate per litre. According to W. 0. Babe, 100 grms. of water dissolve 4 74 grms. 
of thallous sulphate and 10-3 grms. of potassium sulphate at 16°; 11-6 grms. TUSO, 
and 16-4 grms. K 2 SO 4 at 62°; and 18-62 grms. TI 2 SO 4 and 26-2 grms. K 2 SO 4 
at 100°. A. A. Noyes and M. A. Stewart found that, at 25°, soln. with 26 61 grms. 
of thallous nitrate per litre dissolved 42-17 grms. of thallous sulphate; soln. with 
7-062 and 28-26 grms. of sodium sulphate per litre dissolved respectively 66-44 and 
69-13 grms. of thallous sulphate per litre; and soln. with 1212 grms. of sodium 
hydrosulphate per litre dissolved 68-53 grms. of thallous sulphate per litre. A. Lamy 
said the aq. soln. has a neutral reaction; while M. C. Lea said the soln. reacts acid 
to litmus, but ho obtained no other evidence of the existence of free sulphuric acid 
in the soln. The aq. soln. exhibits the characteristic reactions of thallous salts. 

B. Garstanjeu found that hydrogen; W. R. Hodgkinson and C. 0. French, that 
ammonia; and W. Crookes, that fused potassium cyanide, reduced thallous sulphate 
to the sulphide, etc. A. J. Berry studied the oxidation of thallous sulphate in 
alkaline soln. by hydrogen dioxide; and P. E. Browning and H. E. Palmer, by 
potassium ferricyanide. A. Benrath found the suljfiiate, unbke the halides, is not 
reduced by oxalic, tartaric, or citric acid, R, Weber obtained thallous hoptft- 
stdphatosulphste, TljS 04 . 7 S 03 , by melting below 100 ° a mixture of the con¬ 
stituents, and purifying by heating in a scaled tube at 100°. L. Meyer observed 
no sign of thallous sulphate acting as a catalytic agent in promoting the union of 
a mixture of sulphur dioxide and oxygen passing through an aq. soln, of the salt. 
H. Erdmann, and P. Kothner found that cold and hot soln. of thallous sulphate give 
no precipitate when treated with acetylene; not even when the soln. is also mixed 
with sodium acetate and hydroxide. 

Thallous sulphate forms a number of complex salts with the sulphates of the 
inagnesiim series. The general formula is TlSO 4 .M 8 O 4 . 6 HjO, where M denotes 
bivalent iron, fliokel, cobalt, copper, nianganese, zinc, or magnesium ; these salts 
are isomorphous with the corresponding pota^um, ammonium, rubidium, and 
oessium salts. J . d Ans could not make thaUoue cdlcuttn dieidphate analogous to 
Ej 0 a( 3 O 4 ) 2 HjO. J, E. Wdlm obtained pale greenish-blue, monoclinio crystals of 
hexahydratedtludlona onptlo (olplute, T 1 ^ 04 ,CuS 04 . 6 Hj 0 , which lose nearly 4 mola * 
of water at 100°, and all at 186°. G. Canneri prepar^ blue crystals of the same salt. 

J. Locke found the solubility per litre of water at 25° to be 81 gnus, of Ute anhydrous 
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salt; and a litre of the solo, contains 0'122 mol of the salt. The salt decomposes 
when reorystallized from aq. soln. J. E. Willm also prepared monoolinio crystals 
of hexahydrated thlUoos magnsnom solphate, TijMg( 804 ) 2 . 6 H 20 , by the spon* 
taneons evaporation of a soln. of the component salts. According to G. Werther, 
and C. P. Rammelsberg, the axial ratios are a; h: c—-0'742:1:0'5, and j3=106'’ 24'. 
G. Werther said that the salt melts below a red heat; it is more readily soluble in 
water than the corresponding zinc salt j and it is scarcely affected when recrystal¬ 
lized from water by slow evaporation. F. B. Mallet prepared optically anisotropic 
crystals of thalloos disutgnesinm sulphate, 2 Mg 804 .Tl 2804 , by fusing together the 
constituent salts. J. E. Willm, and G. Werther likewise obtained hexahydrated 
ttullons zinc sulphate, Tl:Zn(S 04 ). 6 H 20 , by a process analogous to that employed 
for the magnesium salt. The axial ratios of the inonoclinic crystals were shown by 
G. Werther to be a:5:c—0'7406; 1:0'4956, and ^=106°21'. A. Lamy and 
A. desCloizeaux gave 0-7388; 1; 0-5010, and ^=196° 10 '. The sp. gr. is 3 720 at 20°. 
The mean refractive index for the D-linc is 1-6064. The crystals have a negative 
double refraction. According to J. Locke, a litre of water dissolves 86 grms. or 
0-129 mol of the anhydrous salt. G. Werther found that the salt loses its water at 
120°; but does not decompose at .300°; it melts below a rod heat, and decomposes 
at a bright red heat. 

Univalent thallous sulphate may also take the place of the alkali metals in the 
alums. A mixed soln. of the component salts was found by A. Lamy, 
L. Pasteur, J. E. Willm, and A. Oossa to give regular octahedra of thallic alum, 
'rLS 04 .Al 2 (S 04 ) 3 . 24 H 20 , or thallous aluminium disolphate, T 1 A 1 (S 04 ) 2 . 12 H 20 . 
A. I^amy prepared a complex 3 K 2804 . 4 Al 2 (S 04 ) 3 .'ri 2 S 04 . 96 H 20 , i.e. 
3 {KA 1 (S 04 ) 2 . 12 H 20 }T 1 A 1 (S 04 ) 2 . 12 H 20 , by crystallization from a soln. of the 
component salts. J. W. Betgers showed that the product is a soln. of tho two alums. 
C. 8 oret and L. Uuparc gave 2 329 for the sp. gr. of the crystals of thallic alum; 
J. W. Betgers, 2-318 at 15° ; W. Spring, 2 3256 at 0°; 2 3250 at 20°; 2 3212 at 
50° ; and 2-3159 at 70°. After compressing the crystals for three weeks at 20,000 
atm., tho sp. gr. was 2 320 at 22°, and 2 314 at 16°. Tho coelf. of thermal expansion 
corresponds with a change from unit vol, at 0° to 100267 at 20°, 1-00188 at 60°, 
and 1 004178 at 70°. J. Locke gave 91° for the m.p. J. H. Gladstone found the 
refraction cq. to be 278 34. C. Soret found the indices of refraction, ft, between 
10°-23° to be; 

//. i. E- U- B- o-llne 

4 . . 4310 4860 .6170 5260 5800 6560 6860 7180 

ft . . 1-51070 1-50463 1-50209 1-50128 1-49748 1-49443 1-49317 1-49226 

Observations were also made by C. Soret and L. Dnparc, A. Pock, and M. le 
Blanc and P. Bohland. F. Klocke discussed the strong abnormal double 
refraction of thallic alum. L. de Boisbaudran prepared ihallotu ijaUiv alum, 
Tl 2 S 04 .Ga 2 (S 04 ) 8 . 24 H 20 , or thallous gallium disulphate, TlGa(S 04 ). 2 . 12 H 20 , from 
a soln. of the component salts. 0. Soret gave for the indices of refraction, between 
10 °- 20 °-. 

«. p. J. E- B- C- B- u-llno 

A . . 4310 4860 5170 6260 6890 6660 6860 7180 

ft . ■ 1-62007 1-61387 1-61131 1-61067 1-60666 1-60349 1-62228 1-60112 

W. Crookes evaporated thallous sulphate with fuming sulphuric acid, or treated 
thallous chloride with an excess of sulphuric acid, and obtained th^ous hydro* 
sulphate, TIH 8 O 4 . A, Lamy prepared it by heating hydrated thallic sulphate to 
400°. P. E. Browning, and W. Stortenbeker found that if heated to 220°-240°, 
the composition is so constant, TIH 8 O 4 , that in gravimetric analysis thallium could 
be weighed in this form; at a higW temp., thallous sulphate is produc^. 
P. S. Oettinger reported a trihydrate, TlHS 04 . 3 Hj 0 , to be formed in short thick 
prisms by allowing the acid salt to stand in contact with very acid mother-liquor for 
some months. According to W. Stortenbeker, if a sulphuric acid soln. of thallous 
sulphate be cone, on the water-bath, a crop of monoclinic plates is obtained and 
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ftfterwarda a crop of rhombic needles. The composition of both forms is the same. 
A third modification exists so that the crystals are isotrimorphous with potassium 
hydrosulphatc', and he made mixed crystals of the type (K, T1)H804. The crystals 
of thallous hydrosulphate'melt at 115 °- 120 °, and the molten mass is at first (juiescent^ 
but it suddenly develops va^murs of sulphuric acid and passes to the normal sulphate, 
W. Stortenbeker prepared crystals of TI2SO4.6TIHSO4, like the corresponding 
potash salt; and also hexagonal plates of TI28O4.TIHSO4, i.e. trithal l m m byd^ 
disnlphate, 11311(804)2. j. d’Ans and 0 . Fritsche showed that the solubility 
curves at 25 '^ of thallous sulphate in mixtures of water and sul[>huric acid consist 
of two straight lines with the solubility increasing continuously with the cone, of 
the acid. Representing cone, in mols per 1000 grms. of sat. soln. : 

K-SO. . 0 455 4-79 4*89 4 92 4*78 4-2« 40.3 

TljSO* . 0103 050 065 0-69 000 0 7.5 101 108 

TI,H04 Tlliso] 

There are transition points witli 2 ^99112804 and 0'66Tl2S04, the solid phases are 
TI28O4 and 11311(804)2 ; and with 4 2OH2SO4 and 0 6rn28O4, the solid phases are 
Tl3H(S04)2 and TIH8O4. B. (Jossner found the trigonal crystals of trithallium 
hydrosulphate to have the axial ratio a : c -1 : 3 ' 717 , and 0 - 42 *^ 55 '; the crystals 
have a medium negative double refraction. There are probably two modifications 
of 11311(804)2, since the salt is isodimorphous with the corresponding potassium 
compound. W. Stortenbeker prepared mixed crystals of the type (K, Tl)3H(S04)2. 

W, ffloukes, and A. Lamy dissolved thallic hydroxide in warm dil. sulphuric acid 
and obtained crystals of heptahydrated thallic sulphate, 112(804)3.71120 ; 

A. Strecker recommended removing the mother liquid by press, since, as W. Crookes 

showed, the salt is decomposed by water, forming the brown liydruxide. J. E. Willm 
prcpur4‘d thallic sulphate by boiling an aq. soln. of thallous sulpliate with barium 
or lead dioxide, and cone, the filtered soln. for crystallization. Neither H. Marshall 
nor K. J. Meyer and E. Goldschmidt succeeded in j)repariug this salt. A. Strecker, 
and W. Crookes said that at 220 '^ the salt loses between 6 and 7 mols of water, and 
forms a small proportion of thallous sulphate ; at a higher temp, it forms thallous 
sulphate, and loses sulphur trioxide, sulphuric acid, and oxygen. K. J. Meyer and 
E. Goldscluaidt said that thallic hydrosulphate at 220 '’ is completely converted into 
anhydrous tluUliO sulphate, 112(804)3. G. Grubo and A. Hermann found the 
oxidation potential of thallous to thallic sulphate in sulphuric acid soln. to be 
l' 2 ll volt; R. Abegg and J. F. Spencer’s value 1156 is too low. 

Reports by the early workers on the preparation of thallic sulphate are not in 
agreement; this probably arises from the instability of the salt in aq. soln. In 
the first place, the salt is partially reduced to thallous sulphate, and the mixed 
products explain the series of products described in literature as thaVoaothaUic 
sulphates, or thallosic sulphates. 

J. E. WUlra obtained prisinatiu cry8tttl.•^ of a product TIgSOj: : H.,0 —2 : 3 : 22, 

which, iWToi’ding to R. J. Meyer tmd K. ColdscinniUt, ia obtamed Ix^at by diaaolving 
thallic hydroxide in inoderaUdy cone, sulplmncj acid, and evaporating the soln. A basic 
produet was found at the saino time. J. K, Willm roprcaeiited the corapositiou of the 
first-named salt by Tl4S04.2TlHS04.3Tl^(S0d3.24H,0. H. Marshall obtained yellow 
crystals of 5: 3 : 0, by the eloetrolysia of a sat. acid soln. of thallous sulphate, or by 
allowing thallous sulphate to stand in air for a lung time : if allowed to crystallize from a 
hiirio acid soln., H. Marshall obtained 2:3:0. K. J. Meyer and E. Goldschmidt mode 
crystals of 7 : 1 : 6 by partially reducing thallic sulphate with nitric acid. B. Lepsius 
reported octahedral crystals belonging to the cubic system of the 1:1:0 salt to be 
obtained by crystallization from a soln. containing eq. proportions of the component 
salts. H. Marshall said the crystals are rhombic. R. J. Meyer and £. Goldschmidt 
regarded this compound as the thallous salt of thallisulphuric acid, HfTl|(S 04 ) 4 , or 
U11(804)y—-viz. thMoua thalllsuJphaic., or lhailou* ttulphatotf^lak. Tlie acid is also the 
parent of the complex sulphates Mg'804.Tl2(S04)4. H. i^iurath and H. Esjienschied could 
prepare only the 1:1:0 and the 5:1:0 salts. The former is stable above 48^, and the 
latter between 23 6” and 30”. Between 30” and 48”, there is a state of transition, and 
mixtures of various compositions are formed. 
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In the second place, thallic sulphate is so readily hydrolysed that it can be obtained 
only from acid soln. Kven in moist air, the salt becomes brown owin^; ts> the forma¬ 
tion of the hydroxide. If the soln. are not sfroniily acid, they are decomposed by 
heat, or when diluted with water. Hence, basic solpbates have been reported. 
As a consequence of the neglect to control the temp, and acidity of the .soln., what 
appear to be similar processes furnished A. Streckcr with the normal sulphate; 
J. E. Willm, and H. Marshall, a basic sulphate; and R. ,1. Meyer and E. Gold¬ 
schmidt an acid sulphate. J. E. Willm, and If. Marshall reported fine nct'dle-like 
crystals of dihydrated ba.sic sulphate, T 1 ( 0 H)S 04 . 2 H 20 , or lliallic oTi/litjdmulphale, 
0; Tl.HSO 4 . 2 H 2 O, or thallic liydroxymlphate, HO.Tl: SO 4 . 2 H 2 O. to be forme<l by 
dissolving thallic hydroxide in warm, moderately cone sulphuric acid, and cooling 
the soln.: after some days large crystals of the thallosio sulphate 2 : ,3; 22 
appeared, and finally the monohydrate T 10 HS 04 ,H 20 . According to ,1. Meyer, 
the solubility diagrams of thallic oxide, the hydrosulphate, T 1 H{S() 4 ) 2 . 4 H 20 , ami 
the basic sulphate, TI( 0 H) 804 . 2 H 20 , in sulphuric acid show the presence of no 
other thallic sulphate than the two just indicated, and hence the other sulphates 
which have been described in literature are mixtures which appear owing to the 
slowness of the change from one salt to another. The transiition point of the two 
sulphates just indicated is 45°. 

R. .1. Meyer and E. (iold.schmidt reported tetrahydrated thallic hydrosulphatCi 
' 1111 ( 804 ) 2 . 411 . 20 , or HS 04 .'ri: SO 4 . 4 H 2 O, to In- formed by saturating boiling dil. 
sulphuric acid with thallic sulphate, and evaj)orating the strongly acidified filtrate 
on a water-bath. If th<' soln. bo allowed to crystallize at a low temp., the hexa- 
hydrate, TIH(804)2.liH2O, is formed. They regard this salt as Ihallisidpliuric arid - 
or hydrosulphnlolhallic arid -from which the alkali comple.xes MTI(S 04 ). 2 . 4 H 20 are 
derived. Eor the thallous salt of this acid, vide tuipra. 

Thallic sulphat(! forms a series of complex thidlic sulphates which ar(! of special 
interest because tervalent thallium is the end-member of the Al, Ga, In, Tl-family, 
and it might therefore be expected to form a series of alums, MAI(S 04 ) 2 . 12 H 20 . 
However, .f. Locke,'- A. Piccini and V. Kortini, H. Marshall, R. J. Meyer and 
B. Goldschmidt, etc^., failed in the quest. It was, however, shown that th(! faculty 
of forming alums in this family of t(“rvalent elements di'creases as the at. wt. 
increases, so that indium has but a slight tendency to form alums, and thallium 
none at all. The nearest approach to alum-formation with tervalent thallium is the 
series of mixed crystals between ammonia alum and ammonium thallic sulphate 
obtained by A. Piccini and V. Fortiui. 

H.Marshall prepared ammonium thalUctrisulph 8 te,(NH 4 ) 2 Tl(S 04 ) 3 ,from a soln, 
obtained by saturating an acid soln. of thallic sulphate with ammonium sulphate ; 
when recrystallizcd from dil. sulphuric acid, it forms tetrahydrated ammonium 
thallic disulphate, NH 4 TI(S 04 ) 2 . 4 H 20 . V. Kortini obtained the tetrahydrate by 
dissolving thallous sulphate in a cone. aq. soln. of chlorine, adding ammonia, and 
washing and drying the precipitate. The latter was then dissolved in the right 
proportion of sulphuric acid, and mixed with ammonium sulphate. The soln., on 
evaporation between 0 ° and 20 ° in vacuo, furnished monoclinic prisms of the tetra¬ 
hydrate. The axial ratios arc a : 6 : c=0-9.559 :1 : 0'6836, and j8---125° ,38'. The 
crystals effloresce in air at 20°-25°; and lose all their water of crystallization at 
1(X)°. The salt is easily soluble in acids, and is hydrolyzed by water. H. Marshall 
made small needie-like crystals of the anhydrous salt, NH 4 TI( 804 ) 2 , by crystallization 
from a warm soln. of the component salts. 0. L. Clark gave 293° for the temp, at 
which thallic decamminosnlphate, Tl 2 (S 04 ) 3 . 10 NH 2 , dissociates at KX) mm. press. 

R. J. Meyer and B. Goldschmidt obtained fine needic-like crystals of tribydrsted 
lithium thidlic disulphate, LiTI(S 04 ) 2 . 3 H 20 , from a soln. of the component salts; 
they also made a similar sodium thl^C disulphate, NaTI(S 04 ) 2 . 2 iH 20 . A. Strecker 
made the last-named salt in an anhydrous form, Na'n(S 04 ) 2 , by adding a sat. 
soln. of sodium sulphate to a soln. of thallic sulphate in dil. sulphuric acid. 
The crystals were washed with cold water, pressed between filter-paper,'and dried 
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over cone, sulphuric acid. H. Marnball prepared totrahydrated potanilun tballio 
diiolpbatc, KTI(S 04 ) 2 . 4 H 20 , by crystallization from a nitric acid soln. of the basic 
salt; R. J. Meyer and E. Goldschmidt obtained it by boiling a soln. of the basic 
salt in sulphuric acid ; and V. Fortini, by crystallization, at 0°-20°, from a soln. of 
the component salts. This salt is less stable than the corresponding ammonium salt. 
A. Streckcr prepared potandum thallio hjrdToxyduiilphate, K 2 S 04 .T 1 ( 0 H)S 04 
(H. Marshall), or 2K2804.Tl20(S04)2 (A. Streckcr), by mixing a dil. sulphuric acid 
soln. of thallic oxide with an aq. soln. of potassium hydrosulphate; on standing for 
some time, colourless crystals of the basic salt appear. They are coloured super¬ 
ficially brown by cold water owing to hydrolysis, and they dissolve with difficulty 
in warm dil. sulphuric acid. H. Marshall made the same salt, which he obtained 
by warming an aq. soln. of thallous sulphate, potassium sulphate, and carbonate. 
H. Marshall, and R. J. Moyer and E. GoldscWidt prepared anhydrous rnbidiiun 
thallio diralphate, RbTl(804)2, by a process similar to that used for the ammonium 
salt. The aq. soln. furnishes crystals of the tetrahydrate, RbTl(804)2.4H20, when 
cooled. V. Fortini found the crystals to be so efflorescent that he could not get 
crystallographic data. J. Locke obtained rhombic crystals of trihydrated COBsium 
thallic diiulphate, C8T1(804)2.3H20, from a soln. of the component salts. They are 
sparingly soluble in cold water, copiously soluble in hot water. The further cone, of 
the mother liquid gave rhombic crystals of the sesqnihydrate, C 8 T 1 { 804 ) 2 . 1 |H 20 . 
V. Fortini could not prepare a complex salt of constant composition. 

R. J. Meyer and E. Goldschmidt reported a mixed salt to be formed by treating 
an aq. soln. of thallous sulphate with bromine, and evaporating the liquid over cone, 
sulphuric acid. The straw-yellow, needle-like crystals of thalloos bromosulphato- 
thallate, Tl2Br2804, are represented as a thallous salt of a ThalUhromschwejeUmre, 
T1'.804.T'" : Br 2 . The salt is sparingly soluble in water, and is hydrolyzed by a large 
proportion of water ; ammonia gives a pale brown precipitate which when heated 
forms brown thallic oxide; and hydrochloric acid precipitates a crystalline chloro- 
bromide. 
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§ 13. ThaUiom Carbonates 

A. Idimy 1 observed that thallous oxide or hydroxide readily absorbs carbon 
dioxide from the atm. W. Crookes stated that when the moist metal is exposed to 
the air, it is soon covered by a film of the carbonate. R. Bdttger obtained a soln. 
of the carbonate by allowing the finely divided metal to stand in contact with water 
and carbon dioxide. A. Lamy, and F. Kuhlmann prepared tballous carbonate. 
TljCOj, by saturating a soln. of thallous hydroxide with carbon dioxide, and allowing 
the cone. soln. to crystallize. A. Lamy also obtained crystals of the carbonate by 
exposing a soln. of thallium hydroxide in thallium cthoxide to carbon dioxide. 
G. Streit, and E. Carstanjen made a soln. of the carbonate by the action of barium 
carbonate on a soln. of thallous sulphate. According to E. Carstanjen, if the crystals 
have a yellow colour, due to the presence of organic matter, they can be purified by 
adding alcohol to the aq. soln. when the salt is precipitated as a white crystalline 
powder ; or by filtering the aq. soln. through animal charcoal. 

The white crystals are monoclinic prisms which, according to A. Lamy and 
A. des Cloizcaux, have the axial ratios o : 6 : c=l'3956 :1 : 1-9686, and ;8=94° 47'. 
They have a strong negative double refraction. The sp. gr. is 7164. T. Carnelley 
and W. C. Williams found the m.p. to be 272'’-273°. The molten liquid is 
reddish-brown, and A. Lamy, and G. Werther said that a slight decomposition 
occurs during the fusion. E. Carstanjen obtained thallous oxide as a residue 
when the carbonate is heated in a glass tube ; if heated while exposed to air, a mixture 
of thallous and thallic oxide is formed. According to A. Lamy, 100 parts of water 
dissolve 6-23 parts of the carbonate at 18“; 12-85 parts at 62“; and 22-4 parts at 
100-8°; while W. Crookes found 100 parts of water dissolve 4 2 parts of the carbonate 
at 15-5°; and 27-2 parts at 100°. A. Lamy said the salt is insoluble in alcohol ; 
E. Carstanjen, in ether; A. Naumann, in acetone; and A. Neumann and 
J. Schroder, in pyridine. The aq. soln. has an alkaline reaction. According to 
W. Crookes, the soln. supersaturatwi with carbon dioxide has an alkaline reaction ; 
but, according to 0. L. Erdmann, this is not the case. G. Wyroubofl said that 
prismatic crystals of thallous oxycarbonate, TljO.TljCOg, were formed in a vessel 
containing thallium and water which had been standing some years. E. Franke 
gave for the eq. electrical conductivity. A, of aq. soln. of thallous carbonate, at 26°, 
expressed in reciprocal ohms, for soln. with a mol of the salt in v litres: 

« . . .32 64 128 266 672 1024 

A . . . 93-8 107-3 119-2 129-9 137-1 143-4 

W. Schmidt gave 17 for the dielectric constant. C. Winkler observed that the 
redaction of thallium carbonate, mixed with magnesium powder, proceeds ex^lo-. 
sively. 'Thallous carbonate dissolves in many organic and inorganic acids, and is a 
convenient starting-point for the preparation of many salts of thallium. 
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E. Carstanjen claimed to have made tbaUioin hydrocarbonate by supersaturating 
a cold Holn. of thallous carbonate with carbon dioxide, and adding alcohol; the 
precipitated thallous carbonate is filtered off; and the soln. furnishes crystals 
approximating in cr)ni)io8ition to TI 2 C' 03 . 2 T 1 I 1 CO,. Neither A. Lamy nor G. Werther 
could obtain the hydroearbonatc from soln. of tin; hydroxide sat. with an excess of 
carbon dioxide—acicular crystals of the normal carbonate were always obtained. 
Q. Oiorgis said that the hydroearbonatc is obtained in needle-like crystals by slowly 
evaporating a moderately cone, cold soln. of thallous hydroxide in an atm. of carbon 
dioxide; if the soln. be heated or rapidly evaporated a mixture with the normal 
carbonate is obtained. G. Bollmann made thallous magnesium carbonate, 
Tl 2 CO 3 .MgCO 3 . 4 H 2 O, by allowing a mixed soln. of magnesium carbonate in 
carbonetted water and one of thallous carbonate to stand for some time, when 
crystals of the compound are deposited. 
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§ 14. Thallium Nitrates 

The early workers on thallinm prepared thallous nitrate, TINO 3 , by the action 
of nitric acid on normal thallous hydroxide, or thallous carbonate. According to 
E. Carstanjen,! nitric acid is the best solvent for the metal (q.v.). W. Crookes 
stated that the soln. obtained by using an excess of nitric acid contains a little thallic 
salt, which ajjpears as thallic hydroxide when the ammonia precipitation is made. 
The white prismatic crystals belong to the rhombic system, and, according to 
W. H. Miller, they have axial ratios a : 4 : c—O hlOO : 1 : 0'6507. V. von Lang, 
C. F. Rammelsberg, and F. Wailcrant made observations on the projierties of the 
crystals. A. Lamy and A. des Cloizeaux found the sp. gr. at ordinary temp, to be 
6'50, and after fusion, 5 8 ; .f. W. Hetgers gave 5 3 for the sp. gr. of the molten 
nitrate at 205°. F. M. Jager gave 4 892 for the sp. gr. at 214° ; 4 824 at 254° ; and 
4'744 at 290°; or, at tf°,the sp. gr. 4'917—0 00175(d—200), between 206° and 430°. 
A. .T. Rabinowitsch measured the sp. gr. and viscosity of aq. soln. of thallous nitrate. 

W. Hen found the coeil. of expansion of molten thallous nitrate to be 
0 0003981 ; the sp. gr. at 214° is 4'892, and at 290°, 4 744. J. W. Wagner found 
the viscosity of N-, JN-, and JiV-soln., at 25°, to be respectively 0’9471,0 9865, and 
0'9932. J. Hausmann measured the capillary rise of soln. with 10 per cent, of 
gelatine. F. M. Jhger, and R. Lorenz and W. Herz gave 99'5 for the surface tension 
of the salt at the b.p. (430°), and 117 3 at the m.p. (210°); and for the mol. surface 
energy 1681'9 ergs, per sq. cm. at 210°, and 1506'5 er^. per sq. cm. at 430°. 

When heated to between 70° and 80°, the rhombic crystals of ordinary thallous 
nitrate, y-TlNOj, or III-TINQ,, change into a rhombobedral form ^-TINO, or 
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II-TINO 3 ; and the latter, between 125° and 151°, changes into a cubic mo<lilication 
a-TlNOj or I-TINO 3 . Somewhat discordant values have bwn given for the 
reversible transition temp. Thus, for the change y-TIN 03 f=ij 8 -TlN 03 , h'. Wallersnt, 
and B. Oossner gave SO’; P. W. Bridgman,‘75"; C. van 
Eyk, 72'8°; and A. G. Bergmann, 78'5°; and for the 
change, | 3 -TlN 03 ?=ia-TlN() 3 , F. Wallerant gave 125"; 

C. van Eyk, 142'5°; A. G. Bergmann, 112-5°; 

P. W. Bridgman, 141-6°; and B. Gossner, 151°. 

C. van Eyk found the transition temp, of thallons 
nitrate at 142° is lowered by admixture, with the iodide; 
and the transition temp, of thallons iodide at 169" is 
lowered by the addition of nitrate. P. W. Bridgman's 
observations on the effect of press, between 1 kgrm. 
and 12,000 kgrms. per sq. cm. on the two transition 
temp, are shown in Table I, and graphcil in Fig. 26. 

The slopes of the curves are represented by dTjdp. 

The volume, changes are small and sluggish; they are represented by Sv m 
c.c. per gram ; C. van Eyk found 0 0001 c.c, per gram for the 1I-»III transition. 
There was evidence of a change from the thallons to the thallic form at the 

Tablk I.—The Effect of PsEsstjaK on TnALi-ous Nitkatk at J)jffbbknt TEMPEBAToaKS. 


PresH. 


I 

1,000 
3,000 
5,000 
7,000 
9,000 
11,000 
12,000 


higher press., but no transitions were observed other than those just indicated. 
The difference in the compressibility of the phases, computed from the difference 
in the slope of the Isothermals above and below the transition, show that at 75°, 
the compressibility of III-TINO3 in c.c. per gram per kgrm. per sq. cm. is 0-0j5 
greater than II-TINO3 ; at 105°, 0-0,.3 greater ; and at 140°, 0 0,15 greater. The 
difference in expansion, computed from thi! difference of compressibility and the 
slope of the change of volume along the transition line, shows that lII-TlNOs is 
more expansible,'the average difference being 0 00005 c.c. per gram per degree. 
W. Crookes said that the m.p. of thallons nitrate is about 205°, and that a little 
thallic salt may be formed, but no decomposition occurs. J. W. Retgers gave 205° ; 
A. G. Bergmann, 207°; F. M. Jager, 206°; and C. van Eyk, 206-0°-206-r. The 
presence of the silver or mercury (ous or ic) nitrate depresses the m.p., and molten 
mixtures of these salts and thallous nitrate alone were recommended as heavy 
liquids for mineral separations; with equimolar parts of thallous nitrate and silver, 
mercurous or mercuric nitrate the sp. gr. at the m.p. are respectively 4-8 (70^), 
5-3 (76°), and 5-0 (110°). The approximate b.p. is 430°. R. Lorenz and W. Hetz 
found the ratio of absolute temp, of the m.p. and b.p. of many inorganic salts to be 
nearly constant. The effects of various nitrates on the m.p. are indicated in Figs. 26 
to 30. According to P. W. Bridgman, the latent heats of the transition are indicated 
in Table I, where they are expressed in kilogrammetres per gram. V. Thomas 
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noted that the nitrate is slowly decomposed at 300°, and the reaction is rapid at 
460°—oxygen, nitrogen, and nitrogen oxides are given off, and crystalline thallic 
oxide remains; a little thallons nitrate may be volatiiized unchang^. W. Crookes 
said that a little thallons nitrite also aicompanies the thallic oxide. 

M. P. Appleby and W. Hughes found the vap. press, p mm., of sat. soln. of 
thallium nitrate at different temp, as determined by the b.p. method, to be; 

saw* snos" los-rs" io5-i2' loeoo* io7-64“ los-st' 

p . . 847a 689-8 740-6 773 0 795-1 827-8 869-1 

The value of dpldT=22'S mm. pet degree; the Earl of Berkeley found dp/dT— 
16'1 mm. per degree at 762 mm. The low b.p. of the sat. soln. is probably due 
to the mol. association of the salt, and is not due to the volatility of the salt, for 
at 104° the salt is non-volatile whether solid or in soln. The osmotic press., P, in 
atm. lot soln. of mol. cone. C, is: 

94“ 98“ 9S“ 100° 102° 104° 106° 108° 

P . . 147-1 173-3 196-9 217-8 237-0 254-6 268-8 288-4 

a . . 6-230 6-760 7-323 7-990 8-775 9-816 11-257 (13-44) 

Pjd 23-61 26-64 26-75 27-26 27-01 26-93 23-88 (21-46) 

The value of PjC thus attains a maximum. The curve is probably the resultant of 
two effects : (i) the normal increase of PjC with cone.; and (ii) a factor due to the 
association of the salt, which diminishes the osmotic press, per mol with increasing 
cone. C. Drucker measured the lowering of the f.p. of water by thallons nitrate. 

Aq. soln. of thallous nitrate were found by W. N. Hartley to give an absorption 
band between A=324()—2740; and with a dilution O’OOIN, rays to A=2420 are 
absorbed. The double refraction of crystals of y-thallous nitrate is negative; that 
of jff-thalloiis nitrate is positive; and that of a-thallous nitrate is negative. 
W. H. Miller gave 1-817 for the mean refractive index. A. A. Noyes, G. Jones and 
W. C. Schumb, and E. Franke measured the eq. electrical conductivity. A, at 26°, 
for soln. with a mol in u litres. The former gave : 

V . . 4 16 32 64 128 266 612 1024 oi> 

A . . 96-7 114-3 121-0 126-4 129-0 130-9 132-2 133-6 138-2 

and for the degree of ionization of 0-0204iV-8oln. 0-906 and 0-910 at respectively 26° 
and 68°; and of 0-0970N-soln., 0-735 and 0 687. The ionization constants at 25°, 
calculated from solubility and conductivity determinations, are respectively 6-45 
and 7-11 for 0-0161N-soln., and 4 81 and 2 90 for 0-1600N-soln. C. Drucker’s 
observations on the f.p. and conductivity of soln. of thallous nitrate led him to infer 
that complex ions, corresponding with 2 Tl-~Tl 2 ", are formed, and that the ioniza¬ 
tion then follows the law of mass action. A. J. Rabinowitsch studied the anomalous 
ionization of soln. of thallium nitrate. A. A. Noyes and K. G. Falk found the 
percentage ionization of soln. with 1, 6, and 100 millieq. of salt per litre to be 
respectively 97-7,94-8, and 78'8. 0. N. Lewis and M. Randall measured the activity 
ooeff. W. Schmidt gave 16-6 for the dielectric constant. H. Grcinacher found that 
in the electrolysis of a flame charged with the vapour of thallous nitrate, using spark 
electrodes, the metal ions migrated to the negative pole. 

ObservationB on the solubility of thallous nitrate were made by W. Crookes, 
A. Lamy, and A. fitard. Expressing the solubility, S, in grams of thallous nitrate 
per 100 gnus, of water, the Earl of Berkeley found: 

0° 10° 20° 30° 40° 60° 80° 100° 108° 

8 . . 3-91 6-22 9-66 14-3 20-9 46-2 111 414 694 

, A. Lamy found thallons nitrate to be insoluble in alcohol; and W. Eidmann, 
soluble in acetone. The aq. soln. has a neutral reaction. P. SchottlSnder found 
thallous nitrate reduces a soln. of auric nitrate: 3'nNOj-b2Au(N(^)3=2Au 
+ 3 T 1 (N 03 )j. C. van Eyk obtained the f.p. curve. Fig. 27, for binary mixtures of 
thallous iodide and nitrate. The m.p. curve belongs to H. W. B. Roozeboom’s fourth 
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type ( 1 . 10 , 2 ) j it rises immediately from the f.p. of the nitrate showing that mixed 
crystals are deposited from the molt. The white mixed crystals contain 0-8 molar 
per cent, of iodide, and the red mixed crystals 65-100 molar |>cr cent, of iodide. 
Mixtures with 18-65 molar per cent, of iodide solidify at 215-5° to a conglomerate 
of the limiting mixed crystals. 

A. Ditte assumed that in aq. soln., nitric acid forms a complex tbsUoiu tdhydro* 
nitrate, TINO 3 . 3 HNO 3 , but it could not be isolated; H. L. Wells and F. J. Metsger 
saturated nitric acid, sp. gr. 1'5, with thallous nitrate, and at 0°, obtained crystals 
of thalloua ditaydronitoto, TINO 3 . 2 HNO 3 . The salt loses nitric acid rapidly on 
exposure to air. If the thallous nitrate be dissolved in hot nitric acid of sp. gr. 1-6, 
H. L. Wells and F. J. Metzger found some thallic nitrate is formed, for the soln. 
deposits colourless prismatic crystals of thaliosic nitrate, 2 TIN 03 .TI(N 03 ) 3 , which 
are stable in dry air, but rapidly blacken in moist air. 

According to F. Wallerant, ammonium and thallous nitrates form a continuous 
series of mixed crystals; the transformation temp, of cubic ammonium nitrate is 
lowered from 125° to 104° by 32 per cent, thallous nitrate, and the transformation 
temp, of cubic to rhombohedral thallous nitrate is lowered to 104° with 32 per cent. 



Fio. 27.—Freozing.point Fio. 28.—Freeziug-pointCurvo Fia,29. ~ EquilibriuinCurves 
Curve of Thallous Iodide of Mixtures of Thallous and of Mixtures of Thallous 

and Nitrate. Sodium Nitrates. and Potassium Nitrates. 


of thallous nitrate by the addition of ammonium nitrate. Likewise the trans¬ 
formation temp, of rhombohedral to rhombic thallous nitrate is lowered to 68 ° 
with 32 per cent, of ammonium nitrate. A. J. Boks found the f.p. curve has 
the V-shape with a eutectic at 109° and 19’62 per cent, of thallous nitrate. 
C. van Eyk found that the f.p. curve of thallous and sodium nitrates is of the 
simple V-type with a eutectic at 162°, Fig. 28. There is no evidence of the 
formation of a double salt; and since the transition temp, of thallpus nitrate, 
142° and 72-8°, are not affected by additions of sodium nitrate, it follows that 
no mixed crystals are formed. The m.p. and f.p. curves of mixtures of potassium 
and thallous nitrates have been studied by A. Fock, B. Gossner, F. Wallerant, 
W. Stortenbeker, and C. van Eyk. 

The two salts are isodimorphous. Two series of solid soln. are formed. Fig. 29. 
There is a continuous series of rhombohedra with up to 20 per cent., and a continuous 
series of cubic crystals with 50-100 pet cent, of potassium nitrate. With inter¬ 
mediate values, a conglomerate of mixed crystals is formed. Continuous transitioi}^ 
curves are obtained for the mixed crystals from 144° to 133° on the thalUum side, 
and 129° to 108-5° on the potassium side. The conglomerate has, howeter, 
two transition temp., the first at 133°, at which temp, it changes to a mixtu^ of 
rhombohedra and rhombic crystals, and the second at 108-5°, where the remaining 
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rhombohedra change to the rhombic form. Although no transition in the con¬ 
glomerate oeciira above 133°, the composition of the two sets of mixed crystals 
changes with the temp., the percentage of potassium nitrate being 20 and 60 per 
cent, at 182°, 20 and 69 jier cent, at 1.33°, and 35 and 84 per cent, at 108-5°. The 
other changes will ai)pear from Eig. 29. F. Wallerant found thallous nitrate with 
rubidium or ca;sium nitrate forms a continuous series of cubic crystals. The cubic 
crystals become rhombohedral with a positive double refraction at lower temp.. 
Fig. 30; and those with a high thallium content become rhombic at still lower 
temp. The fused mixtures furnish cubic crystals except those rich in rubidium, 
which furnish rhombohedral crystals with a negative double refraction. The 
continuous curves in Fig. 30 refer to the mixtures with rubidium, the dotted lines 
to those with ca?sium nitrate. 



Kio. 30. - -Transf()rinntions witli Thallous Fig. 31. —Froozing.poiut Curves of Mix- 
and Rubidium or CVsium Nitrates. turoa of Thallous and Silver Nitrates. 

C. van Eyk obtained the f.p. curves, Fig. 31, for mixtures ot thallous and silver 
nitrates. A compound, silver thslloos nitrate, AgNO;).TINO;|, apiiears as a maximum 
on the curve. J. W. Ketgers also prepared the double salt in what were regarded as 
monoclinic crystals with m.p. 76°; C. van Eyk gave 82 8° for the m.p. The com¬ 
plex salt separates on cooling fused mixtures with 47-53 molar per cent, of silver 
nitrate down to 80°-85°. 0. Sandonnini studied the electrical conductivities of 
the mixed salts fused and solid. There is no evidence of the formation of appre¬ 
ciable quantities of mixed crystals; and there are only solidified conglomerates of 
the double salt with excess of silver or thallous nitrate. There is a slowly pro¬ 
gressing transformation of the double salt at 26°, but the nature of the change 
is not understood. The change is attended by a decrease in the volume of 
the double salt, while that of the admixed silver or thallous nitrate remains un¬ 
changed. A. J. Rabinowitsch measured the sp. gr., viscosity, electrical conductivity, 
and ionization of aq, soln. of thallous silver nitrate. G. Schulze studied the electro¬ 
lytic valve action of the eutectic mixture. P. SchottlSnder prepared thallooa auric 
nitrate, TlAu(N0s)4, by mixing a sat. soln. of one mol of thallous nitrate with a soln. 
of 1 to 3 mols of auric nitrate in nitric acid. J. W. Retgers prepared mercurous 
thallous nitrate, TlNOs.HgNOs, of sp. gr. 5-3, and m.p. 70° ; and likewise mercuric 
thallous nitrate, TINOj.HgfNOjlj, of sp. gr. 6 0, and m.p. 110°. A. G. Bergmann 
and co-workers found that thallous nitrate forms two compounds with mercuric 
chloride. There is a eutectic at 176° and 12'8 per cent, of mercuric chloride; a 
maximum at 195°, thallous mercuric dichlorodlnitrate, 2 TIN 03 .HgCl 2 ; a eutectic 
«at 192°and 37 per cent, of mercuric chloride; a maximum at 202'5°, thallons 
meronrio dichloronltrat^ TINOs.HgClz; and a eutectic at 197°. With mercuric 
bromide, there is a maximum at 152°, thallons mercuric diliromonitrate, TINO,. 
Hgfiri, and a eutectic at 146° and 30 per cent, of mercuric bromide. A. G. Berg¬ 
mann found the fusion curve of mixtures of thallous nitrate and mercuric iodide is 
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of the simple V-type with a eutectic at 192°, and a flat portion in the region 33-76 
molar per cent, of mercuric iodide indicating the formation of solid solii. There 
is no indication of chemical combination. 

J. B. Willm, A. Strecker, and R. J. Meyer dissolved thallic oxide or hydroxide in 
nitric acid of sp. gr. 1'4, and found that the cone. solu. deposited colourless de¬ 
liquescent crystals of thallic nitrate, 'ri(N 03 ) 3 . 3 H 20 . C. F. Rammclsbcrg said that 
the crystals are rhombohedral. The salt is hydrolyzed in the presence of much 
water and thallic oxide is formed; it is also decomposed, according to ,1. B. Willm, 
if heated even below 100°. When exposed to air, the crystals lose nilric acid. 
R. J. Meyer found that the soln. of thallic nitrate in nitric acid is a strong oxidizing 
agent—with mercurous nitrate, mercuric and thallous nitrates are formed. He 
could not prepare thallic hydronitrate; even with thallic anhydride in fuming nitric 
acid, TI(N 03 ) 3 . 3 H 30 is formed. R. J. Meyer found that thallic nitrate unites with 
potassium nitrate, furnishing crystals of potassium pentanitratothsUatC, 
2 KN 03 .T 1 (N 03 ) 3 .H 20 , or K 2 T 1 (N 03 ) 5 .H 20 . When heated, nitric acid is given oil, 
and when treated with water, thallic oxide is formed. 
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§ 15. Thallium Phosphates 

W. Crookes ^ found that normal thallous orthophosphate, TIjPO,, is obtained 
as a crystalline precipitate when an cxceM of phosphoric acid and ammonia is 
added to a soln. of thallous nitrate. A. Lamy mixed cone. soln. of sodium hydro- 
phosphate and thallous sulphate; about one-third of the thallium was precipitated 
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u orthophosphate, and two-thiids remain in aoln. as a complex salt; he also 
made it by melting equi-molar proportions of thallous metaphosphate and thallous 
carbonate; and by adding alkali hydroxide to soln. of thallous hydrophosphate— 
alkali carbonate will not do in place of the hydroxide. C. F. Rammelsberg made it 
by saturating a soln. of phosphoric acid with thallous carbonate; and by adding an 
excess of ammonia to a soln. of one of the acid phosphates. The salt appears in 
white, silky, acicular crystals. C. F. Rammekberg said that normal thallouB and 
lithium orthophosphates resemble one another closely. A. Lamy gave 6 89 (10°) 
for the sp. gr. of the molten salt. W. Crookes found that the salt melts to a brown 
liquid, and on cooling it appears orange, then white, and finally as a crystalline 
mass. He also found that 100 parts of water at 16° dissolve 0 497 part of salt, 
and boiling water 0 673 part of the salt. A. Lamy found that thallous phosphate 
is quite insoluble in alcohol; B. Carstanjen, that it is sparingly soluble in soln. 
of ammonium salts; and C. F. Rammelsberg, that it is soluble in soln. of thallous 
hydrophosphate. The aq. soln. has a neutral reaction, and when boiled with silver 
nitrate, yellow silver phosphate is formed without the soln. losing its neutrality. 

A. Lamy regarded the sparingly soluble crystals which he obtained by safurating 
phosphoric acid with tiiallous carbonate as anhydrous thallous hydiophosphate, 
TI 2 HPO 4 ; but, according to C. F. Rammclsberg’s analysis, this salt is not a hydro- 
phosphate, but, rather normal thallous phosphate with one to two per cent, of 
adsorbed water. A. Lamy also said that a hemihydrate, Tl 2 HP 04 .JH.^ 0 , separates 
when the syrupy soln. obtained by evaporation is allowed to cool, but C. F. Rammek- 
berg’s analysis shows that the product is more probably a complex thallium 
perUahydrotriphoaphate, TI 2 HPO 4 . 2 TIH 2 PO 4 . According to A. Lamy and A. des 
Cloizeaux, the rhombic crystals have the axial ratios 0 : 6 : c=0’9314 :1: 0'7818 ; 
and they are positively doubly refracting. C. F. Rammekberg said that they are 
isomorphous with the corresponding ammonium hydrophosphate and arsenate. 
A. Lamy said that half a mol of water is lost at 200 °, and at a dark red heat, vitreous 
pyrophosphate is formed, while C. F. Rammelsberg said a mixture of pyro- and 
meta-phosphates is produced. A. Lamy said the salt is sparingly soluble in water ; 
insoluble in alcohol; the aq. soln. reacts alkaline, but does not coagulate the white 
of egg ; the aq. soln. gives a yellow precipitate with silver nitrate, and at the same 
time becomes acid. C. F. Rammekberg found that when the salt dissolves in water, 
some normal phosphate is precipitated. 


A. Lamy, and C. F. Rammelsberg prepared thaUoux dihydrophospbate, TIH 2 PO 4 , 
by adding phosphoric acid to a soln. of the preceding salt, or by saturating a boiling 
soln. of phosphoric acid with thallous carbonate. A. Lamy and A. des Cloizeaux 
found the mouoclinic crystak have the axial ratios o; i: c=3T750:1:1-4677, and 
^=91° 44'; the double refraction is negative; the sp. gr. is 4 723 ; the m.p. about 
190° ; it loses water at 240°, and forms thallous dihydropyrophosphate ; at a red 
heat, it forms the sparingly soluble motaphosphato. The salt is sparingly soluble in 
water, and insoluble in alcohol. The aq. soln. has a feebly acid reaction. A. Lamy 
prepared an ammonium thallous phosphate by adding ammonia to a soln. of thallous 
hydrophosphate, and evaporating the liquid filtered from the precipitated thallous 
phosphate. According to A. Lamy and A. des Cloizeaux, the anhydrous crystals 
ate tetragonal and have the axial ratio a ; c—1: 0-7107 ; they are optically 
negative, and komorphous with ammonium phosphate. The salt is sparingly 
soluble in water. A. Lamy’s analysis cottesponds with (NH 4 ) 3 P 04 .(NH 4 ) 2 T 1 P 04 ; 
and C. F. Rammekberg regards it as an isomorphous mixture of (NH 4 )H 2 P 04 and 
TljHPOi in the molar proportions 6 : 1 . G. BoUmann made thallous m.imarinm 
orthophoqi^, TlMgP 04 . 6 Hj 0 , by dropping a soln. containing equi^lar pto- 
portioM of thallous and magnesium sulphates into one of sodium hyLphosphate. 
Ihe filtered soln. after some hours deposits crystals of thk salt ^ v r 

k by heating hkhemi- 

thallous ^drophosphate A syrupy soln. of the sparingly wluble salt 
piystallkes with diffionlty. C. F. Rammekberg made thk salt by^dding thallous 
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carbonate to the mother liquid remaining after the preparation of thallous dihydro- 
pyrophosphate. P. Gltthmann obtained the anhydrous salt by allowing a soln, of 
sodium triphosphate and thallous sulphate to stand in air for some time. The 
salt dried at 100° has 0'21 per cent, of water. A. Lamy and A. des Cloireaux found 
the monocbnic prisms have the axial ratios o: 6 : o=l-4274:1:1-2921, and 
^=114°. The sp. gr. is 6-786; the double refraction is negative. A. Lamy found 
that the salt softens near 120°, and melts at a higher temp. The glassy mass obtained 
on cooling the molten salt is non-hygroscopic. lOO parts of water dissolve about 
40 parts of the salt; at the same time some of the salt is hydrolyzed, and an insoluble 
white mass separates—possibly thallous dihydropyrophosphate. Silver nitrate 
gives a white precipitate and the mother liquid is neutral. According to A. Lamy, 
the spontaneous evaporation of the mother liquid remaining after the deposition of 
the crystals of the anhydrous salt furnishes the dihydrated thallous pyiophosphatSi 
TI 4 P 2 O 7 . 2 H 2 O. A. Lamy and A. des Cloizcaux found the monoclinic crystals have 
the axial ratios 0 : 6 : c=2-1022:1:1-9217, and j8=114° 87'; the double refraction 
is negative. When exposed to air, the salt becomes superficially moist and sticky. 
When heated, the salt loses two mols of water below a red heat. It dissolves in 
water more quickly than the anhydrous salt. A. Lamy prepared thallous dihydro¬ 
pyrophosphate, T 12 H 2 P 207 , by heating thallous dihydrophosphate to 240°, or, 
according to C. F. Rammelsberg, to 275°. A. Lamy reported that the salt is sparingly 
soluble in water, and the acid soln. yields short prismatic crystals which melt at 
270°, and lose 2 85 per cent, of water at a red heat. 

According to A. Lamy, thallous metsphosphste, TIPO 2 , exists in two forms. 
One is an opaque glass made by calcining thallous dihydrophosphate. The product 
dissolves with difficulty in water, and it does not coagulate white-of-egg directly, 
but only after the addition of a few drops of phosphoric acid. The second form is 
obtained by calcining ammonium thallous orthophosphate; it is a glassy mass 
readily soluble in water, and the soln. coagulates white-of-egg directly. If the 
sparingly soluble form bo fused with a few drops of phosphoric acid it passes into 
the soluble form. 

J. E. Willm prepared normal thallic orthophosphate, TIPO 4 . 2 H 2 O, by mixing a 
syrupy soln. of thallic nitrate with phosphoric acid ; the white gelatinous mass is 
insoluble in water. When boiled with water, a basic salt and some thallic hydroxide 
are formed. A. Strccker noted the white slimy precipitate formed .when a soln. of 
sodium hydrophosphate is mixed with one of thallic sulphate; and C. P. Kammels- 
berg’s analysis of the product corresponds with TIJP 2 O 27 .I 3 H 2 O. J. E. Willm made 
the basic phosphate, 2 Tl 203 .P 20 (j. 5 H 20 , by adding ammonia to a hydrochloric acid 
soln. of the normal phosphate; if too much ammonia is added brown thallic 
hydroxide is formed. 
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CHAPTER XXXVII 

SCANDIUM 


§ 1. The History and Occurrence ol Scandium 

Thbbb ate difierences of opinion aa to whether scandium should or should not be 
included in the rare earth family of elements. In any case, it is always associated 
witli the rate earths for, in 1879, while studying the ytterbia derived from gadolinite 
and euxenite, L. F. Nilson * obtained 0 3 grm. of a new earth which was characterized 
by its spark spectrum,, its low chemical eq., and feeble basicity. He called the 
element scandium in honour of his country, the Scandinavian peninsula where the 
minerals containing the earth were originally found. Shortly afterwards, P. T. Clove 
obtained 0.'8 grin, of scandia from 4 kgrms. of gadoUnitc, and 1'2 grm. from 3 kgrms. 
of keilhauite. G. Urbain and H. Lacombe believe that scandium should not be 
included in the rare earths in spite of the fact that it forms a cyanoplatinatc re¬ 
sembling those of the ccria earths, and another, which resembles those of the 
yttrium earths. Uidike the yttrium earths, it forms a sparingly soluble double 
alkali sulphate, and in this it re,semble8 more the cerium earths. In its low basicity, 
however, scandia more resembles the yttrium earths. Scandium sulphate is hexa- 
hydrated and very soluble in water. It. J. Meyer emphasized that in this and in 
other qualities, it resembles beryllium. Scandium fits very well into the place 
assigned by U. 1. Mendcliieli to ekaboron, P. T. Clevc emphasized the analogies 
between the prediction and verification, as shown in Table I. 


Table 1. -Comvarison op the Pbedicted and Observed Properties of Scandium. 


Kkuboruii) Rb. ScandiuiQ. Sc. 


At. wt. 44 

It will form oiio oxide, Eb^Os, of up. gr. 3T) ; 
more baHie than alumina, letis basic than 
yttria or magnesia; not sulublo in 
alkalies; and it is doubtful if it will 
decompose ammonium chloride. 

Hie salts will be colourletw, and give 
gelatinous precipitates with potassium 
hydroxide, and sodium carbonate. The 
salts will not crystallize well. 

The carbonate will be iiisolublo in water; 
and probably precipitated as a basic salt. 

The double tdkali sulphates w ill probably 
not be alums. 

The anhvdrous chloride, EbCl*. should be 
less volatile than aluminium chloride, and 
its aq. soln. should hydrolyse more 
readily than that of magnesium chloride. 

Ekaboron will probably not be discovered 
spectroscopically. 


At. wt. 44 

Scandium oxide, SC 3 O 3 , has a sp gr. 3‘8ti; 
it is more basic than alumina, and loss 
basic than yttria or magnesia. It is not 
soluble in ulkalios ; and does not decom* 
pose ainmuiiium chloride. 

Scandium salts are colourless, and give 
gelatinous pre<‘ipitates with potassium 
hydroxide and sodium carlxinute. The 
sulphate urystallizos with difficulty. 

Scandium carbonate is insoluble in water, 
and readily loses carbon dioxide. 

The double alkali sulphates are not alums. 

Scandium chloride, ScCl^, begins to sublime 
at 850^—aluminium chloride begins to 
sublime above 100^. In aq. soln. the sail 
is hydrolysed. 

Scandium was not recognised by spectrum 
analysis. 


Scandiuiu is sparaely but widely distributed. J. H. L. Vogt estimated that the 
ten-mile crust, the hydr<»phere, and lithosphere of the earth contained 0*000000000® 
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pet cent, of scandium; F. W. Clatke and H. 8. Washington, O OOOCte pet cent. 
From specttoscopic observations it is inferred that scan£am occurs relatively 
abundantly in the sun and stars. M. N.Saha^ observed evidence of it iu the high-level 
solar chromospheric spectrum. Since the lines of the scandium spectrum are observed 
in the spectra of stars in diverse stages of development—for example, iu a-Fersei, 
which is younger than our sun, and in the ted stars a-Orionis and a-Hcrculis, which 
arc older than our sun—G. Eberhard argued that scandium must be universally 
distributed on the earth. Consonant therewith, he found that the arc spectra of 
459 minerals and rocks showed that small quantities of scandium are present in 204; 
the evidence with 74 was doubtful; and the element was absent in 181. He finally 
concluded that scandium in small quantities is one of the most widely distributed 
of the elements on the earth’s crust. It was found to occur most frequently in the 
zirconium minerals, in beryls, in titanates, columbites, titanocolumbites of the rare 
earths, in micas, and in specimens of wolframite and cassitcrito. R. J. Meyer, and 
W. Crookes verified these conclusions, and found that scandium can be detected in 
most of the rocks forming the earth’s crust. Even the rocks and, with a couple of 
exceptions, the minerals richest in scandium contain very small proportions—less 
than two per cent. G. Eberhard, and W. Vernadsky say that these rocks are all 
derived from granites and pegmatites. Most of the yttrium minerals contain 
scandium, but the yttrium always predominates. Scandium is found in keilhauite, 
euxenite, auerlite, ccrite, cryptoHte, koppite, mosandrite, orangite, orthite, pyro- 
clilore, thorianite, thorite, widitc, etc. T. Uemura detected scandium in a Japanese 
beryl. R. J. Meyer found that the wolframite from Zinnwald contains 015 per cent. 
R. J. Meyer and A. H. Winter’s analyses of wolframite from Zinnwald and Sadisdorf 
arc respectively; 


WO, 

F.*0 

MiiO 

TIO,; Ta,Oj 

PbO; SnOg 

CaO 

Earfl oartlia 

75’41 

9-34 

14-00 

0-50 

0-18 

0*55 

0-16 

73-47 

1513 

9-81 

003 

0-47 

0-5i 

0-20 


Scandium con-stitutes 56 4 per cent, of the total rare earths present. H. S. Lukens 
found scandium in American wolframite; and C. Janies in Brazilian zirconite. 
J. Sterba-Bdhm said that after tungsten has been removed from the wolframite, in 
the manufacture of sodium tungstate, the separation of the scandium is easy and 
could be profitable if there were any demand. 

G. Urliain said that he found no scandium in his fractions of the, rare earths. 
W. B. Hicks did not detect this clement in the minerals fergusonite, icschynite, 
euxenite, and samarskito. R. J. Meyer found a Finnish orthite containing about 
one per cent, of scandia; and W. Crookes and R. J. Meyer obtained a similar amount 
from the mineral mikite, which occurs with the monazite from a felspar quarry neat 
Impilaks, Finland, in black masses which show no signs of a crystalline structure 
or action on polarized light. The mineral is so complex that a definite formula 
has not been obtained. W. Crookes’ analysis is : 

T»,0,.Cb,0, T10„a0, Ce,0, Y,0, 8c,0, IhO, FeO UO, SIO, 

16-91 23-36 2-65 7-64 1-17 5-61 16-52 3-66 16-03 

The volatiles—helium, noon, hydrogen sulphide and water—amounted to B'83 
per cent. Traces of lime, magnesia, stannic oxide, and sulphur were also present. 
L. H. Borgstrom has discussed and analyzed the mineral, and suggested the 
idealized formula FeTiSiOs. The type rich in uranium is called wiikitc, and one 
rich in yttrium, hranscUe. The sp. gr. is 4 85, and the hardness 6. The mineral 
is feebly radioactive. The evolution of gas which, attends the heating of the 
mineral is almost explosive, and is accompanied by a curious fracture. Wiikite is 
partially attacked by acids, and readily by fused potassium hydrosulphate. 

Scandium occurs as an essential constituent of only one mineral, namely, tbot^ 
vsitits. This was analyzed and recognized as a new mineral by J. Schetelig; it 
was found in a pegmatite vein in granite in Iceland, and in the felspar quarries at 
SiBtersdalen, Norway. A. Lacroix found it at Befanamo, Madagascar. The 
voi. V. ' 2 t 
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composition, according to J. Schetelig and R. J. Meyer, corresponds with that 
required for a silicate of the yttria earths and scandia approximating to toaodiom 
ormodililicate, R208.2Si0j, or RjSjO;, where R represents So, Y, . . . The scandia 
forms about 37 per cent, of the whole; this with yttria and small quantities of other 
yttria bases make up 54 3 per cent.; the members of the ceria group are almost 
absent; traces of thoria are present; and ferric oxide with traces of manganic 
oxide and alumina make up nearly 3 per cent. The mineral occurs in radial aggre¬ 
gates. The colour is white, greyish-green, or reddish-grey; it appears yellowish- 
green by transmitted light. The refraction is strong, and the birefringence strongly 
negative. The crystals are rhombic with axial ratios a:b: c=0'7456 :1:1'4912. 
The sp. gr. is 3'571, and the hardness 6 to 7. The mineral fuses with difficulty, and 
it is only partially attacked by hydrochloric acid. C. Boulanger and G. Urbain 
analyzed thortveitite from Madagascar. 

Bsfbbiihciss. 

■ L. F. Nilson, Compl. Send., 88. 64«, 1879 ; 91.86,118,1880; (Bftxrs. Akad. Sorh., 3, 1879j 
6, 1880; P. T. Olove, <6., 7, 1879 : Compt. Send., 88. 419, 1879; BuU. Soe. Chim., (2), 81. 486, 
1879; Chem. News, 40.169,1879; D. I. Mendel6eS, > 6 ., 40.243,1879 ; 41. 2,1880; jmrn. Suss. 
Phys. Chem. Soc., 1. 60,1869 ; 8. 47,1871: Q. Urbain and H. Laeombe, Chem. News, 90. 319, 
1906; J. H. L. Vogt, Zeit. prakt. Oerf., 8.228,314,377,413,1898; 7.10,274,1899 ; P. W. Clarke 
and H. S. Washington, Proc. Nat, Acad, Sciences, 8. 108, 1922; R. J. Meyer, Sitzber. Akad. 
Berlin, 379,1911. 
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Berlin, 379, 1911 ; R. J. Meyer and A. H. Winter, Zeit. anorg. Chem., 67.398,1910; J. Sohetelig, 
Centr. Min., 721, 1911; Danske Vid. Selsk. Skr., 6. 233, 1922; Norsk. Oeot. Tide., 6. 233, 1922 ; 
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1828, 1910; C. Boulanger and Q. Urbain, Compt. Send., 174. 1442, 1922; A. Lacroix, ib., 171. 
421,1920 : 0. Hauser and F. Wirth, Ber., 42. 4446, 1909; W. Vernadsky, BuU. Acad. St. Peters- 
hurg, (6), 2. 1273, 1908; W. B. Hioks, Journ. Amer. Chem. Soc., 83. 1422, 1911; C. James, ib., 
40. 1674, 1918; H. S. Lukens, ib., 38. 1470, 1013; O. Urbain, Joum. Chim. Phys., 4. 64, 1906; 
J. _Sterba-B6hm, Zeit. Slektrochem., 20. 289, 1914; A. H. Winter, Veiber Vorkommen und 
Seindarstellung des Scandiums, Berlin, 1911; T. Uemura, Journ. Chem. Soc. Japan, 44. 296, 
1923. 


§ 2. The Extraction of Scandium 

R. J. Moyer,1 and C. R. J. Sterba-Bohm have described the extraction of scandium 
from wolframite or tin-stone residues; and the separation of scandia from the 
contained rare earths depends (i) on the formation of a sparingly soluble fluoride 
when the soln. is treated with hydrofluoric acid or sodium fluosilioato; or (ii) on the 
formation of the hydroxide when boiled with sodium thiosulphate. If thorium be 
present it will accompany the scandia. Traces of yttria earths can be removed by 
repetitions of the process. The raw scandia prepared by R. J. Meyer’s process was 
found by W. Crookes still to contain yttria and ytterbia—^particularly when the 
fluosilioate method was used. P. and G. Urbain extracted scandia from thortveitite 
of Madagascar by the following process: 

TIm mineral is easily att^ked when fused with soda and the silica oonicuned in it is 
elimiaated when the residue is taken up with water. The insoluble residue is then treated 
with sttlphurio aoW, and the soln. of sulphates is precipitated with hydrofluoric acid. The 
fluorides of soMidium and the rare earths are washed and then decomposed with sulphuric 
acid in excess. The scandium can be precipitated in a very pure state by means of potMsium 
sulphate, after the sulphates have b^n transformed into nitrates. Ammonia never pro* 
oipltates all the scandium from li<}uid8 containing it, but the precipitation of scandium- 
pho^ihate is <|uantltaUve in an ammoniaoal medium, provided ammonium carbonate 
u abettkt. The latter appears to dissolve all scandium precipitates, emd the soln. obtaizied 
ate decomposed by heal^ njniroxyoarbonates being usually preoipitiUed. The yttoia earths 
containing scandium which have been concentrate in the mother liquors of prec^tates 
of the double potaouam sul^iates are transformed by ammonia into hj^lroxiMs. These 
are finally treated with a slight excess of aoetylaoetone Only a tsaoe of scandium it found 
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in (ha mothar Uqaon and tiia raat ot tha aartlv an ooavartad into tha aijrataUina aM(*l> 
•oetonataa. Whra thaaa an tnatad with ohloroiOrm all tha aonujium la diaaolvad and a 
raaidaa of yttrio aoetylaoetonataa ia laft. Tha final aapantion ia affaotad by auUimatlon 
in vacuo at about 200*, the aoandium compound only Ming volatile. 

To extract the crude scsndia from wolframite, R. J. Meyer employed the following 
process: 

The residues remaining after the extrsolion of tin are fused with sodiiun carbonate, 
and (he cold product extracted with water. Sodium tungstate passes into coin. The 
washed residue is dissolved in hydrochloric acid, and the rare earUis precipitated by either 
oxtdic or bydrofiuoric acid. An excess of the precipitant is required so as to keep the iron 
and manganese in soin. The precipitate of rare earths contains 00-95 per cent, of scandium; 
and it is ignited for the oxide, which ia then dissolved in hydrochloric acid, and the soln. 
boiled for half an hour with sodium fiuosilioate, when the scandium is precipitated as 
fiuoride. Traces of the yttria earths may be removed from this by rmrecipitution with 
sodium thiosulphate. The scandia is dissolved in hydrochloric acid. The excess of acid 
is removed by evaporation, and basic scandium thiosulphate precipitated at 100*. The 
washed precipitate is decomposed by hydrochloric acid, and the process repeated. The 
washed precipitate is thus freed from yttria earths, decotnposed by hydrochlorio acid, and 
reprecipitated as oxalate, and ignited for the oxide. The scandia so obtained is cun* 
taminatcd with thoria. 

R. J. Meyer and co-workers found that 0'5 per cent, of thoria is difficult to remove 
from scandia—the oxalate process gives but an incomplete separation ; the thoria 
cannot be precipitated by the hydrogen peroxide process; it cannot be detected 
spectroscopically; and the ignited oxides dissolve in hydrochlorio acid, even 
though the thoria alone would be insoluble. R. J. Meyer and H. Goldeuberg 
showed that the most convenient method of detecting traces of thoria in scandia is 
the magnetic susceptibility test. 

Thoria can be separated by the following methods: (i) R. J. Meyer and 
A. Gumperz, and A. H. Winter separated thorium from scandium by the fractional 
sublimation of the anhydrous chlorides—scandium chloride is the more volatile; 
(ii) by boiling a neutral soln. of the chlorides with a large excess of a 20 per cent, 
soln. of sodium carbonate. Scandium sodium carbonate is precipitated while most 
of the thorium remains in soln. This process was found by R. J. Meyer and co¬ 
workers to yield a product so free from thoria that no radioactivity could be detected. 

The cone, chloride soln. is poured into one of sodium carbonate containing 20 per cent, 
of anhydrous carbonate. One litre of sodium carbonate soln. is used for every 10 grms. of 
scandium oxide. The scandium dissolves entirely on stirring and warming. It is then 
boiled rapidly for half an hour, when the double carbonate is precipitated ns a powder. 
The vol. of the soln. should Ire kept constant during the boiling. After the crystalline 
irowder has settled, the liquid is poured off, and the precipitate washed by boiling with 
20 per cent, sodium carbonate soln. for 15 mins.—this is repeated three times. Thedouble 
carbonate is dissolved in two litres of cold water—t brs, and constant stirring are 
required for this purpose. The liquid is then filtered, acidified with hydrochlorio acid, and 
the hydroxide precipitated by ammonium hydroxide while boiling. The scandium 
hydroxide is filtered off and well washed with boiling water until free from alkali. If 
necessary, the operation is repeated. Finally, the chloride soln. is precipitated with oxalic 
acid. 

(tii) Another method used by R. J. Meyer and H. Qoldenberg is to drop slowly a 
neutral soln. of the scandium salt into a 10-20 ^er cent, neutral soln. of sodium 
tartrate, and to boil the clear soln. with ammoma. The precipitated ammonium 
scandium tartrate is then washed with a dii. soln. of ammonium tartrate, (iv) Accord¬ 
ing to R. J. Meyer and M. Speter, and B. Schweig, most of the thoria can be removed 
by the iodate process. An excess of potassium iodate sufficiently great to precipitate 
some of the scandia is added to a nitric acid soln. of the nitrates. The thorium 
iodate precipitate is separated from the soln., and the scandia precipitated in the 
nsnal way. (v) R. J. Meyer separated thoria from scandia by fractional ctystalllxa* 
tion of scandimn ammonium fluoride. In this process, a neutral soln. of the ohlolide 
is mixed with an excess of aq. ammonium fluoride contained in a platinum 
and vigorously stirred. A gram of scandia requires 8 grms. of ammonium fluoride. 
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bn evaporating at 100°, insoluble thorium fluoride separates. Any scandium 
ammonium fluoride which crystallizes out can be redissolved by warming with 
more water. The soln. of scandium salt is then filtered off. E. J. Meyer and 
A. H. Winter also fractionally crystallized the acetylacetonates; W. Crookes, the 
raetanitrobenzoates; B. J. Meyer, the hydrazine sulphates; and C. R. J. Sterba- 
Bohm, the formates. It is claimed that the last traces of ytterbia can be removed 
from scandia by the fractional crystallization of the formates. The various methods 
were examined by B. Schweig. 

W. Crookes employed the following process for extracting scandia from wiikite. 
He did not consider a sample of scandia to be satisfactory if it had an at. wt. higher 
than 44'1, and if it showed the least trace of the dominant ytterbia spectral line 
A=36944-344. 

The ground mineral is passed through an SO-raesh sieve, then mixed with five times its 
weight of powdered potassimn bisulphato and fused in a clay crucible. At first much froth- 
ing occurs, due to the escape of permanent and aq. vap. This ebullition can be abated 
by stirring with an iron rod. When in quiet fusion, the heat is raised to foil redness for 
10 mins, and the liquid mass poured on an iron plate. When cold, the melt is finely ground, 
mixed with water in the proportion of 1 kilo, to 6 litres, and mechanically agitated for about 
12hrA. It is then thrown on a linen filter and well washed. This treatment extracts 
most of the rnro earths, together with a little titanic, niobic, and tantalic acids, and zirconia, 
but the bulk of these bodies is loft behind. The soln. is supersaturated with ammonia and 
well boiled; this treatment precipitates all the earths, together with iron, titanic acid, 
zirconia, etc. Tlie precipitate of crude earths is filtered end well washed. The precipitated 
crude earths are convortod into oxalates by heating the pasty precipitate in a dish with 
crystals of oxalic acid added gradually, excess being avoided as much as possible. When 
cold, tho oxalates are filtered off, and the iron, etc., in the filtrate is precipitated with 
ammonia. As scandium oxalate is slightly soluble in water, the iron precipitate will contain 
a certain proportion, which must be kept for subsequent working up. The washed oxalates 
aro dried and ignited ; the resulting earths form about 17 per cent, of the mineral and contain 
about 7 per cent, of scandia. Tlie crude oxides are converted into sulphates by heating 
with sulpnuric acid, tho excess of acid being driven off by heat—not using too high a temp. 
The dry sulphates are agitated with plenty of water, and filtered from a little insoluble residue 
of the so-called metallio acids. Ammonia in excess is then added to tho filtrate, and the 
j)recipitated oxides are washed, once more converted into oxalates in tho manner already 
dosoribed, and the oxalates again waslied, dried, and ignited. The ignited oxides are boiled 
in dil. nitrio acid, filtered from a little insoluble matter, and evaporated to dryness. These 
somewhat complicated operations are to insure the removal of sulphuric and metallic 
acids, the presence of which interferes with .subsequent fractionation. Tho earthy nitrates 
rich in scandium are mixed with an equal bulk of potassium nitrate and fused in large 
porcelain crucnbles with constant stirring until the mass has the appearance of cream- 
fluid when hot, solidifying on cooling to a white enamel-like mass. On boiling this mass 
in water, a dense white basio nitrate separates and undecomposed nitrates are left in soln. 
Scandium and ytterbium, forming easily decomposed nitrates, concentrate in the insoluble 
end, while the yttrium and ceriiun earths, whose nitrates are less easily decomposed by heat, 
aro left in the soluble end. Fractionation on th^e lines is now continued until spectrum 
photographs sliow the scandium to be pure. It is not difficult to obtain scandia free from 
hU earUis present except ytterbia and yttria; but the final elimination of pure scandia 
from these earths is a matter demanding much time and patience. 

Rbferisnoks. 
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SCANDIUM 


486 


§ 3. The Propertlee ol Scandiom 

W. R. Mott > gave 1200° for the m.p. of the metal, and calculated 2400° for the 
b.p. Scandium acts as a tervalent element and furnishes a basic oxide which is 
stronger than alumina, but weaker than that of any of the rare earths of the type 
RjOj. The salts are distinctly hydrolyzed in aq. soln. They have a sweet astringent 
taste, and are colourless. 

Many organic salts of scandium have been pie|>ared —t.g. the formate, acetate, aoelyl* 
acetonat«. propionato, butyrate, iaobiityrate, isovalerate, oxalate, auccinato, piurate, 
benzoate, o- and ra-toluates, phenylacetate, pyromollitate, camphorate, inono-chloitwooUite, 
inalonate, malate, fuinarate, tartrate, racemate, mesotartrata, a/9-dibromopropiouate, 
citrate, phthalate, tetrachlorophthalate, 2>nitrophenyl'4''>tolylamine->4-sulphonate, 
octomethyltetraminodihydroxyparadixantliylbenzenetetracarboxylato, and metanilro* 
benzoate. 

Scandium gives no absorption spectrum in the visible region; and P. T. Clove 2 
observed no flame spcctruin. 

In preparing the rare earths for spectroscopic examination G. Eberhard recommended 
that the part which could be extracted with aci^ was first separated from the noii-oxtraotive 
part, and the former was then further se{)arat 4 xl by truatmont with oxalic acid into a part 
which was precipitate<l by this acid, and a part which was not precipitated by oxalic acid, 
hut gave a precipitate with ammonia. This precipitation of the remaining liquors with 
ammonia was always necessary, as scandium oxalate is exi'inxlingly soluble even in weak 
mineral acids, such us the extraction always contains, and thus a part of the scandium 
itMnains in the liquid after precipitation mth oxalic acid. The preparation of other minerals 
and rocks was essentially simpler. They wore first finely {mwdered and then heateil to a bright 
red heat for some time in a porcelain crucible to remove the gasos and water contained in 
them, if this preliminary treatment is neglected unpowdonxi particles spurt with little 
explosions, and powdered piei'es crumble up os soon as the arc is started. Since vaporizii* 
fion m the arc is a kind of fractional distillation, the materiiU should bo all completely 
va|>orizod until the spectral lines disappear. In the early stages the more volatile con* 
stituonts- f’.f;. the alkalies -vu{)orize first, and scandium, zirconium, thorium, tantalum, 
etc., do not appear. 

The bst of lines iii the spark spectrum of scandium given by L. F. Nilson includes 
some lines derived from impurities; K. Thalen worked with a better purified 
material, and H. A. Rowland identified a few of these lines with the Fraunhofer 
lines in the solar spectrum. The more intense of the numerous lines in the spark 
spectrum are t>305,6080,60.38 in the orange-yellow; 5527 and 5031 in the green; and 
4415, 4400, 4374, 4325, 4320, 4314, and 4240 in the blue and violet. Measurements 
have been made by F. Exncr and E. Haschek, J. N. Lockyer and F. E. Baxendall, 
and W. Crookes. The arc spectrum has been examined by A. Fowler, 8. F. de Rubies, 
A. S. King, J. M. Eder and E. Valcnta, and F. Exnet and E. Haschek. The more in¬ 
tense lines are 3353-90,3372-33, 3558 69,3567-89, 3572-73,3576 53,3614 00,3630 93, 
3642-99, 3907-69, 3912 03, 4020-60, 4023 88, 4247 02, 4314-31, 4320-98, 4325-22, 
4374 69,4400 63,4415-78, and 6305-94. According to A. Fowler, the arc spectrum of 
.scandium consists of two distinct sets of lines, which behave very differently in solar 
spectra. Each set includes both strong and faint lines. Lines belonging to one set 
correspond with the enhanced lines of other elements, notwithstanding that they 
appear strongly in the ordinary arc spectrum, (a) These lines are very feeble or 
missing from the arc-flame spectrum, and are strengthened in passing to the 
arc in hydrogen, or the spark. (6) They occur as relatively strong lines in the 
Fraunhofer spectrum, (c) They are weakened in the sun-spot spectrum. [A) They 
occur as high-level lines in the chromosphere. The remaining lines show a great 
contrast when compared with the first group, (o) They are relatively strong 
lines in the arc-flame, (b) They are very feebly represented in the Fraunhofer 
spectrum, (c) The stronger lines are prominent in sun-spot spectra. (A) They 
have not been recorded in the spectrum of the chromosphere. The special develop¬ 
ment of the enhanced lines in the Fraunhofer spectrum, together with their presence 
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in the upper chromospliere, indicates that the ^eater part of the scandium 
absorption in the solar spectrum ori^nates at a higher level than that at which 
the greater part of the iron absorption is produced. The fluting which occur 
in the arc and arc-flame spectra do not appear when the arc is passed in an 
atm. of hydrogen. As suggested by R. Thalen, they are probably due to scan¬ 
dium oxide. W. J. Humphreys studied the effect of press, on the spectral lines. 
M. A. Catalan, W. M. Hicks, and E, Paulson studied the re^arities in 
the structure of the scandium line spectrum; A. 8 . King, the Zeeman effect. 
J, M. Eder and E. Valenta gave drawings of typical spectra of the arc and spark 
spectra. Figs. 1 and 2. G. Eberhard showed spectroscopically the wide distribution 
of scandium. P. W. Dyson, G. Hofbauer, A. Fowler, and W. 8 . Adams studied the 
scandium lines in the solar spectrum, and the last-named identifled 45 scandium 
lines in that spectrflm. 

H. 0. J. Moseley, E, Hjalmar, and E, Friman studied the high-frequency or 
X-ray spectrum; and W. M. Hicks found that the high-frequency spectra of 
scandium, yttrium, lanthanum, and ytterbium show doublet series. V. Dolejsek, 
H. Fricke, £. Hjalmar, M. Siegbahn, and H. Stensson gave for the K-series 
020=3 02863; aja=3 02526 A.; 03 and 04=3006 A.; j8i|3=2-77366 A.; and 
jSjy=2-7656 A. The atomic structure and the paramagnetic properties observed 
by B. Cabrera were discussed by A. Dauvillier. 

Reactions of scandium salts of analytical interest.— According to P. T. Cleye, 
a soln. of a scandium salt gives no precipitate with hydrochloric acid or with 
hydrogen sulphide. Alkali hydroxides or ammonia give a voluminous precipitate 
insoluble in an excess of the reagent; tartaric acid hinders the precipitation in the 
cold, but when heated, an abundant precipitation occurs. Alkali or ammonium 
carbonate gives a voluminous precipitate fairly soluble in an excess of the reagent. 
Ammonium sulphide gives a precipitate of the hydroxide. An excess of a sat. soln. 
of potassium or sodium sulphate with cone. soln. of the scandium salt precipitates the 
double alkali sulphate.' Sodium phosphate gives a gelatinous precipitate; sodiira 
thiosulphate with a boiling soln. gives an incomplete precipitation of a basic thio¬ 
sulphate. Hydrogen peroxide in neutral or slightly acid soln. gives no precipitate. 
Iodic add readily precipitates scandium iodate which is readily soluble in nitric 
acid. Hydrofluoric add precipitates a fluoride which is soluble in alkali fluorides, 
but much less soluble in acids than are ceric or yttrium salts. Hydrofluosilicic acid 
or sodium fluosilicate gives a white precipitate of scandium fluoride. Thorium 
fluoride is similarly precipitated. Tartaric add gives no precipitate, but if 
ammonia be present, the double tartrate is precipitated. 

A curdy precipitate is produced when oxalic add is added to a soln. of scandihm 
chloride. This is speedily transformed into a crystalline powder; the precipitate 
is sparingly soluble in acids, but readily soluble in ammonium oxalate. The 
precipitation is incomplete in acid soln. Scandium oxalate is slightly but 
distinctly soluble in water; it is less soluble than the oxalates of the rare earths 
in dil. acids, and unlike the rare earth oxalates, it is more soluble in dil. sulphuric 
acid than in dil. hydrochloric acid. In these respects it resembles thorium oxalate. 
Scandium oxalate forms sparingly soluble potassium, and sodium oxalates, and 
readily soluble ammonium oxalate. Although tcandium oxedate, Sc 2 (C 204 ) 3 . 5 H 20 , 
appears to be more soluble than the oxalates of the rare earths, it is found in the first 
fractions when a mixture of ytterbium and scandium salts is fractionally precipitated. 
F. Wirth found at 25°, 100 grms. of a sat. soln. of scandium oxalate, in presence of 
1’624, 2'4, and 4 478 grms. of ammonium oxalate, contain respectively 0’3019, 
0*4012, and 0-7108 grm. of scandia. The solid phase with the first two soln. is the 
pentahydrate, and with the last-named soln. a mixture of the pentahydrate and 
ammonium oxalate. F. Wirth, and R. J. Meyer measured the solubility of scandium 
oxalate in hydrochloric and sulphuric acids, and, expressing the results in granu of 
soandium oxalate in 100 gms. of soln., with acids of normality N-, the solubilities 
at 26° and 60°, found by E. J. Meyer, ate: 
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Nonnality . 

, 

. 0-1 

0-6 

1-0 

2-0 

6-0 



. 0-0289 

' 0-0660 

0-1020 

0-1716 

0-4170 


. 04M20 

0-0870 

0-1485 

0-2566 

0-6633 

HsSOgj": 


. 0-0386 

0-0997 

0-1663 

0-8176 

0-7761 


. 0-0662 

0-1481 

0-2493 

0-4429 

1-1280 


The resoltB are plotted in Fig. 1. In quantitative analyses scandium is precipitated 
as oxalate, ignited and weighed as scandia, Sc^Og. Acid potassium oxalate pre¬ 
cipitates a crystalline double salt. 

The stoikc weight of soandinm.— The rela¬ 
tions between ekaboron —vide Table I—and 
scandium agree with the assumption that 
scandium is a tervalent element. The X-ray 
spectrum fits in with the atomic number, 21 . 

This was confirmed by the observations oi 
R. J. Meyer and co-workers,® A. H. Winter, and 
G. T. Morgan and H. W. Moss on scandium 
acetylacetonate. Mol. wt. determinations from 
its action on the f.p. of benzene, and on the b.p. 
of benzene, chloroform, and carbon disulphide, 
show that the formula is ScfCHfCOCHgfgjg, and 
not S4CH(C0CHj)j] or Sc{CH(COCHa) 2 ] 4 . 

F. M. .lager’s observations on the isomorphism 
of the scandium and indium acetylacetonatcs 
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HormdUtj/ of dad 
Flo. 1.—Solubility of Scandium 
Osalates in Hydroolilorio and 
Sulphuric Acids. 


arnl ethylsulphates; and L. P. Nilson and 0. Pettersson’s observations on 
the sp. ht. of the oxides and sulphates of alumina, gallia, india, scandis,_ 
and yttria also agree with the tervalency of scandium. The difficulty in 
eliminating the rare earth elements from scandium salts explains the high 
results obtained by the early workers on the at. wt. of scandium. P. T. Clove 
ignited the anhydrous sulphate, and from the ratio 802 ( 804 ) 3 : 8 C 2 O 3 obtained 
44'96; from the synthesis of the sulphate, P. T. Cleve obtained from the ratio 
ScgOg; 80 . 3 ( 804 ) 3 ,45 20; L. F. Nilson, 44'13 ; and R. J. Meyer and H. Goldenberg, 

44 09. J. Meyer and B. 8 chweig obtained 45 23; R. J. Meyer and A. H. Winter, 

45 0; and 0. Honigsehmid, 45 099 ±0 014. The International Committee on at. 
wt. determinations gives 44' 1 as the best representative value. The atomic number 
of scandium is 21. F. W. Aston found scandium is a simple element without 
isotopes. G. Kirsch and H. Pettersson found that when bombarded with long- 
range a-rays, scandium does not give long-range particles in evidence of atomio 
disintegration, L. F. Bates and J. 8 . Rogers made observations on this subject. 
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§ 4. Scandium Oxide and Hydroxide 

When scandium hydroxide, carbonate, oxalate, sulphate, or nitrate is ignited, 
scandium oxide, ScjOa—scandium scsquioxide, or scandia— is formed as a fine white 
powder. According to L. E. Nilson and 0. Pettersson,! the sp. gr. is 3 864, and the 
sp. ht. O'1530 between 0° and 100°. R. J. Meyer and co-workers found the magnetic 
susceptibility to be —0 05xl0~4 electromagnetic mass units. B. Wedekind and 
P. Hausknecht found the mol. magnetism of scandium oxide to be — l'2xl0~®. 
According to L. F. Nilson, scandia dissolves slowly in cold acids and rapidly in hot 
acids, forming scandium salts. According to W. Crookes, ignited scandia dissolves 
with difficulty in dil. cold acids, but readily, in warm acids, and particularly so in 
cone, acids. Cone, sulphuric acid dissolves ignited scandia with the evolution of 
much heat. When alkali hydroxide or ammonia is added to a solu. of a scandium 
salt, a white voluminous gelatinous precipitate of scandium hydroxide, Sc(0H)3, is 
formed. It is insoluble in an excess of the precipitant. When dried in air, at 
ordinary temp., it forms a hard horny mass which, according to W. Crookes’ analysis, 
has the composition Sc(OH) 3 . W. Crookes added that the hydroxide is a weak base 
with a marked tendency to form basic salts. It dissolves readily in dil. acids, 
forming, as in the case of the oxide, scandium salts. J. Bbhm and H. Niclaseen 
studied the X-radiograms of the sol and gel hydroxide. 
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§ 6. Scandium Halides 

W. Crookes i prepared scandium fluoride, ScFj, by heating scaiidia with aq. 
hydrofluoric acid; tho semi-transparent gum-like mass changes on boiling to a white 
mass difficult to filter. When hydrofluoric acid is added to a soln. of scandium 
nitrate or sulphate, a white precipitate is formed, which on boiling resembles the 
preceding one. R. J. Meyer also precipitated scandium fluoride from warm—-not 
cold—neutral or acid soln. by means of hydrofluosilicio acid. This behaviour 
is attributed to the ready hyirolysis of the fluosilicate in hot soln.: ScjfSiFajs 
-f flHjO=»28oPj-4-3Si03-f 12HF, and the reaction is utilized in separating scandium 
from other rare earths. C. R. J. Sterba-Bbhm said that W. Crookes’ process does not 
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give a pure fluoride becatiee of iU great adsorptive power for salts in the mother- 
liquor; a pure preparation is obtained by the action of hydrofluoric acid on 
the oxide, and drying at 150°-180°. When dried over sulphuric acid, scandium 
fluoride is anhydrous, ScFj; it loses a little weight at a red heat; at a higher 
temp, it sinters together; and fuses before the blowpipe flame. The salt is very 
stable, for it is out impqrfectly decomposed by cone, sulphuric acid; it is 
completely decomposed by fusion with potassium bisulphate; the melt dissolves 
in acidulated water; and the soln. gives a precipitate of scandium hydroxide 
with ammonia. Unlike the fluorides of thorium and the rare earths, the solubility 
of the fluoride in mineral acids is less than that of the other rare earth fluorides, 
and approaches that of thorium fluoride. Scandium fluorides are very sparingly 
soluble in hydrochloric acid. R. J. Meyer found that unlike all the other earths 
—excepting zirconium—scandium fluoride is readily soluble in soln. of the alkali 
fluorides when acids are absent. According to C. R. J. Sterba-B6hm, fiuoscandic 
acids do not exist in the free state, and of the fluoscandiates those of the type 
^ScFs are limiting forms. In its fluoride, scandium resembles calcium more than 
titanium, and in its property of forming complex fluorides, it resembles titanium 
and zirconium, and differs from the rare earths. Its co-ordination number is 6, 
that of boron 4. 

R. J. Meyer prepared ammoniom fluoscandate, (NH^lsScFj, or flNHjF.BcFs, 
by treating a neutral or feebly acid soln. of a scandium salt with ammonium fluoride 
and evaporating the clear soln. in a platinum dish on a water-bath. The clear 
octahedral crystals are very soluble in water; the aq. soln. is not decomposed by 
boiling; hydrochloric acid precipitates scandium fluoride; and with dil. sulphuric 
acid, ammonium scandium sulphate is precipitated. It is assumed that the at), 
soln. has the ions SNH*' and ScFe"' because it does not give any precipitate—hot or 
cold—with ammonia; sodium or potassium hydroxide, however, does precipitate 
scandimn hydroxide from hot soln. When freshly precipitated scandium fluoride 
dissolves in cone. soln. of the alkali fluorides ; and, when cone., the soln. deposit 
crystals of the double fluorides. When a soln. of scandium chloride is 
treated with potassium fluoride, the liquid becomes turbid; the turbidity 
clears up on dilution or boiling. C. R. J. Sterba-Bohm found that on hydrolysis; 
(NH 4 ) 3 ScFj->(NH 4 ) 2 ScF 5 -»(NH 4 )ScF 4 , the solubility decreases progressively as 
ammonium fluoride is removed. Clear octahedral crystals of potaw i n m fluo- 
icandate, K 3 ScF(j, are obtained on evaporating the soln. The salt is less soluble 
than the ammonium salt in water; and it behaves like the ammonium salt with 
dil. acids, but when boiled with ammonia, scandium hydroxide is precipitated. 
The corresponding sodium fluosesndate, Na 3 ScF 3 , is less soluble than the potassium 
salt, for it dissolves but sparingly in hot water. The microscopic crystals are easily 
soluble in dil. acids. 

R. J. Meyer and H. Winter prepared anhydrous scandium chloride, ScCls, by 
C. Matignou and F. Bourion’s process, namely, by the action of a mixture of the 
vapour of sulphur chloride, SjClj, and chlorine on the heated oxide. The reaction 
begins about 600°, and is soon completed, and the chloride begins to sublime between 
800° and 850°—rather higher than thorium chloride. W. Biltz and W. Klemm 
found that molten scandium chloride freezes at 939°, and that the electrical 
resistance runs from 3 ohms at about 933° to nearly 10 ohms at 936°, and on 
melting it rises abruptly becoming nearly 70 ohms at 950°. Scandium chloride is 
a white sohd which dehquesces rapidly in air; and dissolves in water with a 
hissing sound, and the development of much heat; the aq. soln. reacts acid owing 
to hydrolysis. The hydrolysis is more marked than with lanthanum and yttrium. 
R. J. Meyer found the eq. conductivity rose with dilution. Thus, for soln. with 
a mol of scandium chloride in v litres of water at 26°: 


« 

. 32 

64 

128 

206 

612 

1024 

Ai 02 «-Aa 

A(acCL) 

MAIC^ 

. 104-7 

m-7 

119-0 

126-2 

133-6 

142-6 

37-8 

. 99-9 

106-9 

114-1 

123-8 

131-0 

138-0 

38-1 



m INOBGAMC Airo THBOBBTICAl OHBMISIBt ’ 

H. Ley found for the chlorides of the strongly basic earth*— c-y. yttrium and cerium 
earth^a diderence in the eq. conduotivity of approximately Aio!it 4 != 2 S units. 
This constant b fably general for normally ionb^ and unhydrolys^ chlorides 
of the tervalent metals. Scandium chloride is considerably hydrolysed in aq. soln. 
and it has a higher value, 37'8, than the normal one, 26, for Scandium 

chloride is insoluble in dry alcohol. When heated in sir it forms an oxychloride 
which resists the action of acids and alkalies. P. T. Cleve obtained a mass of 
felted needle-like crystals by crystallization from a cone. soln. of the earth in 
hydrochloric acid. According to W. Crookes, the crystals can be dried by press, 
between filter-paper followed by a few hours in a desiccator—^the composition 
conesponds with hexahydrated scandium chloride, ScClj.fiH^O. The crystab are 
deliquescent, but not so much as the nitrate; and they are readily soluble in alcohol. 
When heated for 6 hrs. at 100°, water is given oS, and the oily liquid solidifies to a 
white crystalline mass of sesquihydrated scandium chloride, 2 SCCI 3 . 3 H 2 O; when 
heated to redness, water and hydrogen chloride are given off, and Scania, SC 2 O 3 , 
remains. 

R. J. Meyer failed to prepare double compounds of scandium chloride with 
sodium, pottbsium, ammonium, and rubidium cMorides in acid or alkaline soln., but 
he did make ceesium chloroscandate, probably CsaScCl,, which had so great a 
solubility that it was not obtained pure enough to justify analysis. The correspond¬ 
ing salts of praseodymium, neodymium, and samarium have the formula 
CssMC'lj.bH^O, and lanthanum, CssLaCl,.^ or DHjO. Thorium forms two caesium 
salts. In general, the tendency of the chlorides of the rare earths to form double 
salts b small; this is possibly due to the relatively strongly positive characteristics 
of the metals because the tendency to form double salts is most marked with the 
chlorides of the feebly positive metab—platinum, gold, bismuth, antimony, tin, 
etc. W. Crookes prepared a mass of felted yellow deliquescent needle-like crystals of 
bcnicosihydntcd auric chloroscandate, 3^Cl3.2AuCl3.21H20, by slowly evaporat¬ 
ing over sulphuric acid in vacuo a mixture of cone. soln. of the component chlorides. 
When these crystals are allowed to stand about a fortnight in a desiccator over 
sulphuric acid, the weight rapidly diminishes, and remains constant when the com¬ 
position corresponds with octohj^tcd auric chloroscandate, 38 cCl 3 . 2 AuCl 8 . 8 H 2 O ; 
and when heatbl at 100°, for about six days, there are indications of an arrest in the 
rate of dehydration when the composition corresponds with dihydrated auric 
chloroscandate, 3 SoCi 3 . 2 AuCl 3 . 2 U 2 O; but by continuously drying anhydrous auric 
Chloroscandate, 3ScCls.2AuCl3, is finally obtained. 

W. Crookes prepared deliquescent rhombic crystab of hexahydrated scandium 
bromide, 8 oBr 2 . 6 H 20 , by evaporating on the water-bath a soln. of scandium 
hydroxde or carbonate in hydrobromic acid. When these crystab are heated in 
an air-bath to 120 °, s^uihydrated scandium bromide, 2 SoBr 8 . 3 H 20 , is fonned. 
0. Hdnigsehmid obtained the bromide, ScBts, by heating a mixture of the oxide 
and carbon in a stream of bromine, and resubliming in vacuo. It sublimes above 
1000°. Its sp. gr. is 3'910-3'913. It slightly attacks quartz at a high temperature: 
iScBr,-f-38iOj=3SiBr«-I- 2 SC 2 O 3 . 


Bisxbincxs. 

> P. T. Oeve, BuB. Soc. aim., (2), 81. 486,1879; B. .T. Meyer and H. Winter, Zeil. anon. 
Oem., W. 398,1910; R. J. Meyer and A. Waeajuchnoff, >6., 86. 271,1914; C. B. J. Sterba-BChin, 
BvU. Sot. aim., (4), gr. 188, 1920 ; R. J. Meyer, Ztil. onorg. Chan., 86. 287,1914; W. Crookea, 
PhU. Tram., 806. A, 18, 1908 ; 810. A, 389, 1910; Chan. Pact, 06. 274, 1908; 108. 88,1910 1 
0. Matignon and F. Bonrion, Comft. Band., 188. 631,1904; H. Ley, Zat. phut. Chan., 80.193, 
1899 ; 0. HSuigKhmid, ZeB. Bkbrochan., 86. 91,1919; W. Biita and W. Klemin,' ZtU. anon. 
Chm., 181. 22, 1928; W. Bilti, {&., 188. 306, 1924. 



SCANDIUM 


i91 


§ 6. Soandhun Sulpbide ud Snlphato 

F. Wirth 1 prepared scandinin ralpliide, ScjSa, by heating scandium sulphate in 
hydrogen sulphide. The yellow solid is stable in air even at 100°, but it is decom¬ 
posed by boiling water and by dil. acids with the evolution of hydrogen sulphide. 
L. F. Nilson, and P. T. Cleve made a soln, of scandium sulpbatt, 802 ( 804 )*, by 
dissolving the oxide, hydroxide, or carbonate in dil. sulphuric acid. E. Wetlekind 
and P. Hausknecht found the mol. magnetism to be —62-6x10^. The ignited 
oxide dissolves with difficulty in the dil. acid, but readily in the cone, acid 
with the evolution of heat. Unlike most of the sulphates of the rare earths, 
P. T. Cleve showed that when a cone. soln. is heated, it does not deposit crystals, 
for it may be evaporated to a supersaturated syrup which L. F. Nilson found to 
deposit, on standing, globular aggregates of crystalsof the henihydrate, Sc 2 ( 804 )s. 6 H 20 . 
W. Crookes found 100 parts of a sat. soln., at 12°, contains 44’5 parts of the anhydrous 
salt. F. Wirth found that the pentahydrate is the stable phase in contact with the 
soln. at 25°, for he said that at this temp. 100 grms. of the sat. soln. contain 28 52 grms, 
of the anhydrous sulphate, and added that, unlike the rare earth sulphates, the 
solubility of scandium sulphate does not decrease with a rise of temp. The hexa- 
hydrate, said W. Crookes, is not deliquescent in the ordinary air of a room even in 
damp weather, but it effloresces in dry air, loses one mol of water, and forms the 
pentahydrate,SC'2{SOf)3.t>H,jO, which apiiears to be the most stable hydrate at ordinary 
temp. Scandium sulphate, said W. Crookes, is insoluble in alcohol so that the 
addition of alcohol renders turbid a cone. aq. soln. of scandium sulphate, and a 
heavy oily liquid separates out. This may be separated by filtration through paper 
moistened with alcohol, when the residue is left as a viscid liquid with the composition 
of the hexahydrate. The oily liquid becomes more viscid on exposure to air. When 
a mol of the hexahydrate is heated to 100° for 3 hrs., W. Crookes found that 
four mols of water are expelled and a dihydrate is formed; and when kept in a 
desiccator over cone, sulphuric acid for 170 hrs., two mols of water are expelled 
and a tetrahydrate is produced. W. Crookes found that a mol of the pentahydrate 
loses nearly five mols of water or about 20 per cent, at 150°; and at about 600°, it 
loses weight corresponding with a little more than the theoretical amount of water 
because a little basic sulphate is formed. At 250°, the hydrated sulphate loses all 
its water, and becomes anhydrous 802 ( 804 )*. The anhydrous sulphate is obtained 
by evaporating the acid soln. of the sulphate to dryness so as to get rid of the excess 
of sulphuric acid. At dull redness, say 550°, W. Crookes said that a mol of the 
sulphate loses a mol of sulphur trioxide, forming a rauiriinm ozysolpbate, 8020 ( 804 )*. 
At a higher temp, all the sulphuric acid is expelled and white powdered scandia, 
80 * 03 , is formed. L. F. Nilson and 0. Pettersson give 2'879 for the sp. gr., andO'1639 
for the sp. ht. between 0 ° and 100 °. It is difficult to expel the last traces of sulphur 
trioxide by ignition, and therefore W. Crookes recommends moistening the ignited 
sulphate with water, adding a little ammonium carbonate, drying and igniting 
again. L. F. Nilson said that when the anhydrous sulphate is treated with water, 
a turbid liquid is produced. The anhydrous salt is hydrated very slowly with water 
before it dissolves. When heated with water, a clear soln. is produced. 

F. Wirth found the solubility of scandium sulphate is at first increased and then 
diminished by the addition of sulphuric acid, thus: " 

■ Omu. HiSO, per litre . ... 0 24-6 49'0 121-6 243-3 

Omu. 80,(804), in 100 grms. soln., . 28-82 29-6 19-87 8-36 1-82 

SoUd phasM . .. Bc^s6,),.SH,0 

The pentahydrate dissolves in sulphuric acid of sp. gr. 1-6, and crystab of an arid 
sulphate, MandhiU ttihydronilplltte, ^(SOslg.SHfSO*, or acaiiiHnmmljhnrie mU. 
H*S®(S 04 )*, separate out. The scandium is slowly and incompletely precipitahed 
from aq. soln. of the sulphate by the addition of oxalic acid, or sodium thiotulphs^. 
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The eq. conductivity, A, of the soln. is such that Aioaj—A 32 , is less than would be 
anticipated; thus contrasting scandium and aluminium sulphates for soln. contain¬ 
ing a mol of the salt in v litres of water : 


V . 

. 32 

64 

128 

266 

612 

1024 

1 

1 

'K 

So,(SO,), 

. 28-3 

.33'8 

40-1 

47-7 

76-6 

72'1 

43-8 

Al,(SO.), 

. 61-1 

60-6 

71-2 

831 

96'3 

107-2 

66-1 


R. J. Meyer and co-workers assume that scandium sulphate is really the scandium 
salt, Sc[ 8 c(S 04 ) 5 ], of the complex acid H 3 Sc(S 04 ) 8 , for in migration experiments, 
nothing abnormal occurs with scandium nitrate or chloride, but with the sulphate 
much scandium migrates to the anode. R. J. Meyer, and N. Drapier found that 
sodium scandium sulphate, Sc 2 (S 04 ) 3 . 3 Na 2 S 04 . 10 H 20 , or Na 38 c(S 04 ) 3 . 5 H 20 , can 
be prepared only in the presence of a large excess of sulphuric acid. It is readily 
soluble in water, and, like sodium thorium sulphate, in a cone. soln. of sodium 
sulphate. L. F. Nilson, and P. T. Cleve prepared potassium scandium sulphate, 
8 c 2 (S 04 ) 2 .. 3 K 2 S 04 , or K 3 Sc(S 04 ) 3 , by adding an excess of a sat. soln. of potassium 
sulphate to one of scandium sulphate. He noted that the salt dissolves with diffi¬ 
culty even in boiling water, and not at all in a sat. soln. of potassium sulphate. He 
continued: “ The composition of the double salt shows that scandium belongs 
to the group of gadolinito and cerite metals since all these metals give 
salts of the same typical composition.” On the other hand, P. T. Cleve 
gave Sc 2 (SO 4 ) 3 . 2 K 2 S 04 for the composition of the double salt, and he said 
that the salt is soluble in a sat. soln. of potassium sulphate. W. Crookes’ 
analyses of the salt agree with L. F. Nilson’s results, and he found that for 
every 100 c.c. of a cold sat. soln. of potassium sulphate the cq. of 1'473 grms. of 
scandium sulphate remained in soln. B. J. Meyer and A. H. Winter made ammonium 
scandium Sidphate, SC 2 (S 04 ) 3 . 3 (NH 4 ) 2 S 04 , or (NH 4 ) 3 Sc(S 04 ) 3 , like the potassium 
salt; and R. J. Meyer and co-workers found that when boiled ^ith water the 
sparingly soluble double salt Sc 2 (S 04 ) 3 . 2 (NH 4 ) 2 S 04 separated out. R. J. Meyer 
obtained hydrazine scandium sulphate, Sc 2 (S 04 ) 3 . 3 (N 2 H 4 ) 2 S 04 .H 2 O, in a similar 
manner, and found it to be fairly soluble in water. 

RjiraBziiciis. 
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§ 7. Scandium Carbonate, Nitrate, and Phosphate 

Aoootdi^ to W. Crookes,! soandium Carbonate, So 2 (C 03 ) 8 . 12 H 20 , is formed as 
a bulky white precipitate when a soluble carbonate is added to a soluble scandium 
salt. When air-dried it appears to be dodecahydrated. The salt is inclined to 
decompose, and when dried at 100°, it loses a uttle carbon dioxide. Scandium 
carbonate is very sparingly soluble in cold aq. soln. of sodium or ammonium 
Carbonate, but readily soluble in hot soln. Since under the same circumstances 
yttrium carbonate is sparingly soluble, the difference can be utilized as a basis for 
the fractional separation of yttrium and scandium. When these soln. 
ate boiled, crystalline precipitates of sparingly soluble sodium scandium 
oaAOnate, Sc 2 (C 03 ) 3 . 4 Na 2 C 03 . 6 Hs 0 , or ammonium loandium carbonate, 
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2Scj(COj),.(NH4),CO,.6HjO, are formed. R. J. Meyer and H. Winter etated 
that these complex carbonates are less soluble in cold than in hot cone. soln. of 
alkali carbonate, showing that at a lower temp, more easily soluble double salts, 
possibly containing more water, are stable; the double carbonates dissolve in a 
largo volume of cold water, but even in a 2 per cent. soln. the appearance of turbidity 
owing to hydrolysis can b« observed after standing 16 hrs., and when the soln. 
are boiled, a basic carbonate or the hydroxide is precipitated. 

P. T. Cleve, and W. Crookes prepared gca&dium nitrate, Sc(N 05 ),. 4 Hj 0 . 
Scandium hydroxide easily dissolves in dil. nitric acid, and ignited scandia dissolves 
in the hot cone. acid. The acid soln. over sulphuric acid dries to a gummy mass in 
which groups of stellate crystals appear; while a neutral aq. soln. when cone, on 
the water-bath and cooled furnishes prismatic, colourless crystals of the tetrahydrate. 
The salt is very deliquescent, and readily dissolves in water and in alcohol. When 
heated scandium nitrate decomposes more readily than any of the rare earth nitrates ; 
the crystals get pasty at 100°, but do not molt; in vacuo, at 100°, the crystals give 
oB water, and frit together, without melting, forming the anhydrous salt, ScfNOjla. 
The drier! crystals show signs of melting at 125°, but melt to an opaque white liquid 
at 150°. 

The hydrated nitrate, gradually heated in a silica crucible, fuses and boils, 
becomes opaque and evolves much water. If the heating be stopped at the pro])er 
time, the anhydrous nitrate is left, the whole of the water having been driven off. 
On continuing the heat nitrous vapours come off and the liquid becomes clear and 
liquid like water. Increasing the heat turns the liquid brown and drives off more 
nitrous vapours, ebullition becomes sluggish, the fused mass gets white and opaque, 
and finally there remains a white residue of scandia. When partially decomposed 
by heat, and the molten mass extracted with hot water, and the soln. well boiled, 
a basic nitrate, scandium hydroxynitrate, SciOHXNOslo.HjO, difficult to filter, 
is formed. When scandium nitrate is heated for 12 hrs. in a hot-air oven at 120°, 
scandium ozynitrate, Sc 20 (N 03 ) 4 , is formed. P. T. Cleve noted that a white 
gelatinous precipitate, presumably scandium phosphate, is formed when sodium 
phosphate is added to a soln. of a scandium salt. 
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CHAPTER XXXVIII 

THE BARE EARTHS 

§ 1. The Rare Earths 

La lerre ost une dea quatre subatancea aimples, qu'on nomine 61^meng ou principea 
pdmitifa, parcequ’ellea sont en effet lea plus atmplea de cellea qui entreat dona la combinaisou 
dee corpa compoaia.—P. J. MacquER. 

As indicated in the first chapter, the term earth was in common use by the early 
chemists; and, up to near the end of the eighteenth century, the earths were con¬ 
sidered to be elemental.! The different kinds of earth were regarded as mixtures of 
the elemental earth with calcareous, argillaceous, arenaceous, and other matters; lime 
thus becomes calcareous earth; clay, argillaceous matter; etc. The term was 
then gradually restricted to substances with alkaline qualities which do not melt 
or change when heated ; do not effervesce with acids; and are almost insoluble in 
water. Thus, near the end of the eighteenth century J. W, Nicholson wrote: 

(IhemisU sometimes in a gross and inaccurate way call those substances earths which 
remain after the volatile produets of distillation have arisen, and which are not soluble in 
water. This is not, however, sufficiently exact, though it is difficult to exhibit a good positive 
definition. Earths are bodies simple with respect to the present powers of chemical analysis, 
brittle, incornbuetible, infusiblo by the heat of furnaces, not soluble in many hundred times 
their weight^of water, and destitute of that opaque brilliancy which characterizes metals. 
There are few earthy substances which may not be reduced by analysis to one of the five 
following primitive earths ; the siliceous, argillaceous, calcareous, ponderous, and magiresian 
earths; or otherwise, taken substantively, they are called silex, clay, lime, barytes, and 
magnesia. 

A. L. Lavoisier gave reasons for supposing that these earths are not themselves 
elements, but rather oxides of the elements. This was demonstrated by H. Davy 
in 1808. The term alkaline earth still persists for the oxides of calcium, strontium, 
and barium oxides derived from certain minerals. In 1794, J. Gadolin obtained 
yttria; and in 1804, M. H. Klaproth, and J. J. Berzelius and W. Hisinger 
independently obtained ceria from some comparatively scarce Swedish minerals. 
These products came to be called the rate earths. 

A closer study of the rare earths first prepared has shown them to bo remarkably 
complex, and the rare earth group now includes about sixteen elements, which 
have been generally recognized, and a number of others whose existence has not been 
satisfactorily establisbed. The term “ rare earth ” is interpreted in different ways. 
For example, beryllia, thoria, zirconia, soandia, etc., are sometimes included with the 
rare earths, but the general tendency is to restrict the term to the sesquioxide com¬ 
ponents of the original ceria and yttria earths. Thoria and scandia, although 
closely associated with the rare earths, are often considered to be outside the group 
of rare earths proper. The rare earths thus comprise a curious group of basic 
oxides of elements which resemble one another so very closely that they appear to 
form a series of compounds with properties which change but slightly in passing from 
member to member. In many of their reactions they resemble aluminium and 
chromium, in others they resemble bismuth, and the alkaline earths. The group 
of rare earths is easily isolated, alo^ with thoria and scandia, by adding oxaho 
acid to the sulphuric acid soln. remaining after the removal of the elements whose 
sulphides are precipitated by hydrogen sulphide. According to G. Urbain, the 
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precipitate containing the oxalates of the rare earths is then separated into three 
main groups acoordmg to the solubility of their complex salts in a sat. soln. of 
potassium sulphate. Thus: 


Tabus I.— Sub-Geoups of the Rabb Eakths. 


/Insoluble potassium sulphates (Cerium lamlly) 


Insoluble 
oxalate / 

(Ran earth) ^ 


Moderately soluble K sulphates (Terbium lamlly) 
Erbium lamlly . 


Readily soluble K sidphates 

(Vtirium family) 


Ytterbium family 


(Thorium, Th) 
(Soondium, 8c) 
Lanthanum, La 

) Cerium, Ce 
Praseodymium, Pr 
Neodymium, Nd 
Samarium, Sa 

I Europium, Eu 
Gadolinium, Od 
Terbium, Tb 

( Dysprosium, Dy 
Holmium, Ho 
Erbium, Er 
ThuUum, Tm 
{ Yttrium, Y 
I Ytterbium, Yb 
I Lutecium, Lu 


The separation of the group into these families is not so clean and sharply defined as 
can usually be obtained with other elements; because, added W. (Irookes, as 
ordinarily understood insolnbility is a fiction, and separation by prccipitants is 
impossible. With our present knowledge it is extraordinarily difficult and in some 
cases impossible to separate the members of these series one from the other, and 
there is even the uncomfortable uncertainty that some of the so-called elements are 
not really homogeneous chemical individuals. The rare earths are in many cases 
so closely related that they can be separated into parts wbicb give evidence of 
chemical individuality only by very special and laborious methods. The 
fractionation of the rare earths is described later. 

In 1886, W. Crookes argued very ingeniously that the closeness of the relation¬ 
ship between the metals of the rare earths makes it probable that these elements 
are modifications of one common element. For example, by a laborious process 
of fractionation, W. Crookes subdivided yttria into some eight components with 
different phosphorescent spectra, but the difference in the chemical propertia of 
the fractions was so slight that, if it were not for a slight difference in the solubiUties 
of the different fractions in ammonia, they could not have been separated 
from one another. W. Crookes points out that the original yttrium passes muster 
as an clement. It has a definite at. wt., it enters into combination with other elements, 
and it can be separated from them as a whole; but, the searching process of fractiona¬ 
tion sorts the atoms of yttrium into groups with different phosphorescent spectra, 
and presumably with different at. wt., though, from the usual chemical point of view, 
all the groups behave alike. W. Crookes added: “ Here, then, is a so-called element 
whose spectrum docs not emanate equally from all its atoms; but some atoms 
furnish some, other atoms others, of the lines and bands of the compound spectrum 
of the element. Hence, the atoms of this element differ probably in weight, and 
certainly in the internal motions they undergo. Assuming that the principle is 
of general application to all the elements, and is limited only by our knowledge of 
tests delicate enough to recognize the simpler constituent groups of the different 
elements, it is inferred that there are definite differences in the internal motions of 
the several groups of the atoms of these chemical elements. The seven series of 
bands in the absorption spectrum of iodine, for instance, may prove not to emanate 
from every molecule, but “ some of these molecules may emit some of the series, 
others others, and in the jumble of all these molecules, to which is given the name 
‘ iodine vapour,’ the whole seven series are contributors.” W. Crookes thus intro¬ 
duced the conception of what be called nutt-^ments for those fractional parts of 
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an element which resemble one another much more closely than one ordinary 
element resembles any other. The properties of the ordinary elements are supposed 
to be an average of the properties of aggregates of several meta-elements. The 
hypothesis did not survive a closer study of the cathodic phosphorescent spectra 
{»ide infra), but was resuscitated as the so-called theory of isotopic elements 
(4. 25. 9). 

Tho following monographs deal with the rare earths: C. B. Bdhm, Die Vermndung der 
nellenen Erdm, Leipzig, 1013; Die Darstellung der sellenen Erden, Leipzig, 1906; Die 
Fabrikation der OlUhkdrper jUr GasglUJilichtf Halle a. S., 1910; S. J. Johnstone, The Rare Earth 
Industry, London, 1916 ; P. Nicolardet, Industrie des mitaux secondaires et des terres rares, 
Paris, 1908; J. Schilling,/)(w VorkotmmnderseUenen ErdeimMineralreiche, Stutt^rt, 1904; 
J. F. Spencer, The Metals of the Rare Earths, London, 1919; S. I. Levy, The Rare Earths— 
Their Occurrence, Chemistry, and Technology, London, 1915 ; J. von Panayeff, Verhalfen der 
Wichtigsten seltenen Erden zu Reagentien, Halle a. S., 1909; J. Horzfeld and 0. Kom, 
Chemie der seltenen Erden, BoHIn, 1901; P. Truchot, Lcs terres rares — miniralogie, 
propriiUs, analyse, Paris, 1808 ; E. Cahen and W. 0. Wooton, The Mineralogy of the Rarer 
Metals, London, 1912 ; P. E. Browning, Introduction to the Rarer Elements, New York, 1917 ; 
J. Ohly, Analysis, Detection, and Comtnercial Value of the Rare Metals, Denver, 1903 ; 
G. Wyrouboff and A. Vemeuil, La chimie. des terres rates, Paris, 1903; P. T, Clove. 
Mitnux terreux, Paris, 1884; R. J. Moyer. Bibliographie der seltenen Erden, Ham¬ 
burg, 1906; W. H. Magee, Indexes to the Literatures of Cerium and Lanthanum, 
Washington, 1896; A. C. Langmuir, Index to the Literature of Didymium, 1842-1893. 
Washington, 1894; C.K. Joiiet, Index to the Literature of Thorium, 1817-1902, Washington, 
1903; J. Koppel, Die Chemie des Thoriums, Stuttgart, 1901; R. J. Meyer and 0. Hauser, 
Die Analyse der seltenen Erden und der Erdsauren, Stuttgart, 1912 ; K. Whites Thorium and 
its Compounds, London, 1912; H. Kellormann, Die Ceritmetalle and ihre pyrophoren 
Legierungen, Halle a. S., 1912. 


Beferknces. 

' P. J. Moequer, Diclio7ina{re de chymie, Paris, 4. 63, 1778 ; J. W. Nicholson, A Dictionary of 
(^emistry, London, 1. 298,1796; A. L. Lavoisier, Traiti de chitnie, Paris, 2. 104, 1801; U. Daw, 
PhU. Trans., 98. 1, 333, 1808; W. Crookos, li.A. Rep., 668, 1886; G. Urbain, Ann. Chim. 
Pkys., (7), 19.184, 1900; J. Godolin, CreWs Ann., i, 313, 1796; Svemka Akad. Jiandl., 16. 137, 
1704; J. J. Berzelius and W. Hisinger, Qehlens Journ., 2. 303, 397, 1804; M. H. Klaproth, ib., 
2. 303, 1804; CreWs Ann., i, 307, 1801; Sitd>er. Akad. Betlin., 156, 1804; Beitrdge ztir 
chemischen Ktnntniss der Mineralkorj)er, Berlin, 1. 227, 1796; 3. 62, 1802; 4. 142, 1807. Vide 
1. 1, 16; 1.8, 10; 2. 20, 1 and 6. 


§ a The History ot the Bare Earths 

The fftlso may bo true through ignorance, and tho true may be false in the light of new 
knowledge.— C. Baskervillk. 

Soin und das nioht Soin sind niimiicho. -G. W. F. Heoci.. 

In 1762, A. J. Cronstedt t described a new mineral—/errum caldforme, terra 
quadatt, incognita inlime tuiifum—which he found associated with copper pyrites in a 
quarry near Ryddarhyttan, Sweden; he called the mineral Tungslein, or heavy stone. 
C. W. Soheele examined a specimen of J. C. Wallerius’ lapides stanniferi spaihacd, 
ot Tennspath, i.e. heavy stone, from Bohemia, and found it contained lime and 
tungstic oxide. A. J. Cionstedt’s tungstein did not contain tungstic oxide, and it 
was regarded as a false variety of tungstein. T. Bergman (1780), and J. J. y Don 
Fausto d’Elhuyat (1784) showed that the two minerals are distinct, and that while 
the Bohemian mineral is a calcium tungstate, scheelite, the Ryddarhyttan mineral, 
is a silicate of calcium and iron. The analysis of M. H. Klaproth, who called the 
mineral ochroitc, and J. J. Berzelius and W. Hisinger, who called it cerite, showed that 
T. Bergman, and J. J. jr Don Fausto d’Elhuyar had mistaken the rare earths for lime. 

In 1794, J. Qadohn* discovered the first of the rare earths in a heavy black 
mineral which had been found at Ytterby. He obtained about 38 per cent, ot the 
new oxide from the mineral, and noted that it resembled in some ways calcium oxide 
and in other ways alumina. J. Gadolin proposed to call the oxide ytterhia, and the 
mineral ytierbUe. A. G. Skeberg (1797) verified J. Gadolin’s observatioiu and 
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propoaed to call the earth Tittit, after the locality Ytterby, where the mineral 
W88 found, and the mineral from which ytterbia was obtained was termed yttria- 
itone, but later, the name was changed to gadolinilf, after J. Gadolin; a few years 
later, he discovered tantalum in a sample of yttria-stone, and hence named it 
yUrotanUdile. The discovery of yttria was confirmed by M. H. Klaproth and 

L. N. Vauquelin, who analyzed gadolinite and described some properties of yttria. 
Both J. J. Berzelius, and N. J. Berlin studied yttria, and they considereii it to be 
homogeneous, and a chemical individual; but T. St'heerer noticed that when yttria 
was heated in an open vessel, it became yellow ; and when re-heate<l in a reducing 
atm., the yellow colour disappeared. He therefore inferred that yttria contains 
augthcr earth which forms a yellow powder when heated in air. In 1842, in a paper 
entitled Nagot om Cer och iMnlhan, ('. G. Mosander described how by the fractional 
precipitation of the oxalates by oxalic acid from acid soln., and of the hydroxides 
by dil. aq. ammonia, the old yttria could be separated into three new earths. In 
both processes, erbia separated first, terbia next, and yttria last. He called the must 
basic one yttria ; the least basic one erbia ; and the intermediate one terbia. The 
names erbia and terbia were formed from the letters of the word Ytterby, the name 
of the locality where gadolinite was found. Yttria was white and gave colourless 
salts ; erbia was orange-yellow and gave colourless salts; while terbia was white 
and gave rose-coloured salts. ('. G. Mosander’s results were confirmed by several 
other chemists --.1. J. Berzelius, L. Svanberg, and T. Scheerer. The fractional 
decomposition of yttrium nitrate by heat furnished N. J. Berlin two of 
G. G. Mosander's earths—white yttria, and white terbia. J. ,1. Berzelius and 
subsequent writers called ('. G. .Mosander’s terbia, erbia. He could not find 
C. G. Mosander’s erbia, now called terbia. 0. I’opp in 1864 repeated the work, 
and failed to find either erbia or terbia, and he suggested that the so-called erbia 
is a mixture of cerite earths, and terbia a mixture of erbia and yttria. M. llela- 
fontaine, however, maintained that both C. G. Mosander’s erbia and terbia were 
chemical individuals, and he obtained the former by fractional precipitation with 
potassium oxalate and removed the yttria and terbia with potassium sulphate; 
the remaining terbia and yttria were separated by fractionating the oxalates and 
dissolving out the yttria by repeated treatment with dil, acids. In 1866, J. F. Baht 
and R. Bunsen, and in 1872, P. T. Cleve and M. Hoglund, corroborated N. J. Berlin’s 
observations, and succeeded in preparing white yttria, and N. J. Berlin’s erbia, i.e. 
C. G. Mosander’s terbia. N. J. Berlin, 0. Popp, .1. F. Bahr and R. Bunsen, and 

P. T, Cleve and M. Hoglund failed to get terbia, i.e. C. G. Mosander’s erbia. The 
doubts as to the existence of terbia were removed when M. Delafoiitainc, and 

J. C. G. de Marignac each succeeded in preparing specimens. In 1905, G. Urbain 
prepared terbia of a high degree of purity; and C. James, G. Urbain, and 

K, A. Hofmann have prepared moderately pure erbia. 

M. Delafontaine treated a soln. of yttria with a sat. soln. of sodium sulphate containing 
crystals of the salt, and fractionated the nitric acid soln. of the precipitate as oxalate ; the 
first fractions were treater! with formic acid when crystals of terbium formate separated 
from the cone. soln. The portion soluble in the sodium sulphate soln. contained an earth 
not so deeply coloured as terbia, and it also gave a base of lower mol. wt. It was therefore 
concluded that a new element was present which was named pAt7tpptura~ at. wt. 121 to 123; 
and characterized by an absorption band in tlie violet, A~460. The existence of M. Itela- 
fontaine's philippium was disputed. J. I,. Soret considered it to be identical with an rarrA-J., 
which he regarded as the source of a series of absorption bands in his examination of the 
spectrum of J. C. Q. de Marignac’s terbia and erbia preparations. M. Delafontaine 
maintained his philippium to be identical with P, T, Clove’s holmio, and J. L. Soret's earth-X, 
but P. T. Cleve denira this. H. E. Roscoe fractionated the sulphates of terbia with potassium 
sulphate and refractionatsd the first portions with formic acid, but obtained nothing mors 
thim a mixture of yttria and terbia. W. Crookes also denied the individuality of phiJippis. 

M. Delafontaine indicated methods by which he considered philippic could bo obtained, but 

Q. Urbain showed that M. Delafontaine was mistaken. 

J. C. G. de Marignac fractionated the nitratea from yttria earth, and obtained 
yttria at one end of the aeries and erbia at the other. K. A. Hofmann and G. Krttaa 
TOl. V. 2 k 
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also fractionally precipitated a soln. of terbia with aniline bydrooHoride and obtamed 
what appeared to be two new earths with elements of at. wt. 148-160, and 160 on 
the assumption that they were tervalent. They also showed that erbia is complex 
when fractionated with aniline hydrochloride. 6. KrUss also doubted the 
individuality of erbia; for, by fractionating an alcoholic soln. with aniline, and 
treating the middle portions with ammonia, he could not obtain an earth with a 
constant mol. wt. J. T. Bahr discovered the beautiful spectrum of erbia, and 
W. Crookes mapped the spectral lines. In 1886, L. de Boisbaudran showed that after 
terbia had been freed from gadolinia and dysprosia, it still appeared complex on 
fractionation. In 1895, L. de Boisbaudran called attention to an absorption band 
A=4877 in his preparation of terbia; he could not assign this band to any known 
element, and he provisionally assumed the existence of a new element which he 
termed Zj. W. Crookes found characteristic phosphorescent spectra in the ultra¬ 
violet in terbia, and he attributed the results to the presence of two new rare earth 
elements which he named htcognilum and ionium. C. A. von Welsbach expressed 
the view that terbia is a complex with at least three different components; C. James 
and D. W. Bissel fractionated terbia by the bromate process, and found it to be 
homogeneous—a chemical individual. 

J. C. G. de Marignac tried to isolate M. Delafontaine’s philippia by the fractiona¬ 
tion of the nitrates, and he isolated a colourless earth which he called ytterbia. It 
had no absorption spectrum, and assuming the clement to be tervalent, its at. wt. 
was 172. The spark spectrum of ytterbia was studied by R. Thalen and by L. de 
Boisbaudran. L. F. Nilsou verified the existence of ytterbia, and gave 173 for the 
at. wt. In 1907 G. Urbain, and in 1908 C. A. von Welsbach independently found 
ytterbium is really complex. The latter termed the components aldcbaranium 
and cassiopeium ; the former, neoytteibium and Intecium. The latter terms have 
been adopted by the International Committee on at. wt. C. A. von Welsbach 
also expressed the opinion that ytterbia contains yet a third element characterized 
by lines which are not present either in neoytterbium or lutecium ; and G. Urbain, 
in 1911, announced that the, lutecium which he obtained by the fractional crystalliza¬ 
tion of the nitrates from gadolinite furnishes another earth which he named celtium, 
and which is characterized by its arc spectrum and low magnetic susceptibility, 
but all the evidence adduced proved to be worthless. In the spring of 1922, 
A. Dauvillier found that a trace of an clement with an X-ray spectrum corresponding 
with that of an unknown element. No. 72 in the periodic table, was contained in 
these residues, and it was proposed to call it by the very name previously employed 
for an clement which did not exist—vide hafnium. J. M. Eder found that two 
fractions from C. A. von Welsbach’s preparations of aldcbaranium, showed lines 
characteristic of two elements which he named denebium and dubhium. 

During his work on ytterbia, L. F. Nikon obtained a white oxide with a lower 
cq. wt. than ytterbia, and, suspecting the presence of a new clement, he isolated an 
earth which he named scandia. The at. wt. of the element, 44, and the properties 
of the compound corresponded with those predicted by D. I. Mendeleeff for ekaboron. 
P. T. Cleve verified the individuality of scandium, and placed the at. wt. a little 
hiither than L. F. Nikon. The spark spectrum of scandium was studied by 
R: Thalen. 

P. T. Cleve showed that the fractional crystallization of J. C. G. do Marignac’s 
erbia and terbia materiak furnished three earths each of which is characterized 
by an absorption spectrum; and each spectrum is a portion of that which had been 
ascribed to erbia. The corresponding elements were called erbium, at. wt. about 
166; and holmitim and thulit^ with at. wt. between 170 and 171. J. L. Soret, and 
P. T. Cleve believed that the earth-X was identical with holmia, and M. Dclafontaine, 
that his philippia was identical with both holmia and the earth-X; but P. T. Cleve 
showed that holmia gave an absorption spectrum while philippia gave none. L. de 
Boisbaudran fractionated holmia and resolved it into two portions—one had absorp¬ 
tion bands A=640'4 and A=636'3, while the other had absorption bands A=451'6 and 
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A=753-0. The first two bsads were those attributed by P. T. Cleve, and J. L. Soret 
to holmia, and hence the same name was reserved for this fraction. The other bands 
were attributed to a new earth which was named djnprosU. In 1906, Q. Urbain 
obtained dysprosia of a high degree of purity. W. Crookes stated that he had 
isolated an earth with an absorption band A=451'0, and therefore inferred that 
dysprosia is itself complex. L. de Boisbaudran agreed with this conclusion. 
G. KtQss and L. F. Nilson found that the absorption spectra of thulia indicates that 
the earth is a complex of two components ; dysprosia, three; and holmia, four. 
K. A. Hofmann and G. KrUss also concluded that holmia is a complex earth. In 
1911, 0. Holmberg obtained holmia of a high degree of purity. The absorption 
and spark spectrum of thulia has been studied by R. Thalen. In 1911, C. Janies 
obtained thulia of a high degree of purity. 

L. do Boisbaudran examined the spark spectra of soln. of ferbia, and he con¬ 
cluded that two bands, at A=573 0 and A=543’2, are caused by two elements which 
he called respectively Z„, and Zj, and later, another band corresponding with a 
third element, Zy. Soln. of yttria showed no such spectrum. By the method of 
fractional precipitation with ammonia, W. Crookes claimed to have separated the 
original yttria into nine new earths or oxides of what he called meta-elements, for 
he showed that all the nine differed from each other and from the original earth. 
He provisionally posited these supposed elements: 

Sy, Ga, Gj 8, Gy, GS, Gf, Ss, G^, Gl^. 

Some, not all, of these earths when sealed up in exhausted tubes and subjected to 
the induction discharge, phosphoresce. Their phosphorescent spectra are to a certain 
extent different, and this the more the further the earths were removed from one 
another in respect of their basicity. The extreme fractions showed considerable 
differences in their phosphorescent spectra, but the only chemical property in which 
they appear to differ is a slight difference of basicity among themselves. There 
are no perceptible differences in the at. wt. of the fractionated earths; spark-spectra 
of the original yttria, the earth Gn and the earth Gs were exactly the same. 
G. Kruss and L. F. Nilson assumed that each absorption band in the spectrum of a 
rare earth corresponds with a different element, and hence inferred that the absorp¬ 
tion bands of erbia, holmia, didymia, samaria, and thulia showed that these, earths 
are really composed of twenty different elements. There is, however, no foundation 
for the assumption. W. Crookes made the extraordinary suggestion that only the 
lines due to the impurity could be observed in the spectrum of an earth and none 
duo to the earth itself. He said : 

The nine oartlis are chemical elements differing in basic powers and several other chemical 
and physical properties, but not sufficiently to enable ua to effect any but a partial sopar^ 
tion. 'rhu8, Gi, for instance, gives a certain 8i>ectrum under the influence of the oloctrio 
spark; the other earths, Of, Q^, . . . are contaminated with a certain quantity of this 
0« ; and so the spectra of those other earths Ge, On . • • is tliat of (ij and Oi only, they 
themselves presumably not having any spectra at all, or what they do have is masked by 
the greater intensity of that of Gj. 

W. Crookes then argued that the fractionated earths are to be regarded as iso- 
morphous bodies composed of the same atoms arranged in different ways within the 
molecule. He said: 

Elements are not so simple as we suppose. Our notions of a chornioal element have 
expanded. Hitherto the molecule has been regarded as an aggregata of two or more atoms, 
and no account has been taken of the architectural dosira on which the atoms liavo 
joined. We may consider that the structure of a chomicareloment is more complicated thw 
has hitherto been suppeoed. Between the molecules we are accustomed to deal with ill 
chemical reactions, and ultimate atoms as first created, come smaller molecules or aggregates 
of physical atoms ; these submoleculee differ one from the other according to the position 
they occupy in the yttrium edifice. We may consider them similar to the carbon atoms in 
the beneene ring which have the impress of their position, 1, 2,3,4,6, stamped on them. 

The sole ground upon which this argument is based is the difference in the phos¬ 
phorescent spectra of the fractionated earth. Although W. Crookes stated that the 
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mixed 
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tie Act that the spectra of salts which are not decomposed into thoir 
constituents by heat ate often very different from the spectra of the constituent 
elements. Hence also it follows as an alternative to W. Crookes’ hypothesis that 
the phosphorescent spectra of the Crookes’ nine earths G,„ G^, . . . are produced 
by combinations of two or three simple earths. This view is further supported by 
VI. Crookes’ observation that when his new earths are mixed with varying proportion.s 
of lime or baryta and ignited, different phosphorescent spectra are again obtained. 
The nature of the spectrum is dependent on the nature and proportion of the admixed 
base. W. Crookes has emphasized the fact that the merest trace of a certain earth, 
unable to be detected by chemical means, can cause great variations in the spectrum 
of another earth. He said: 


One important lesson taught by the many anomalies unearthed in these researches is that 
inferences drawn from spectrum analysis per sc are liable to grave doubt, unless at every 
step the spectroscopist goes hand in hand with the chemist. Spectroscopy may give valuable 
indications, but chemistry must after all be the final court of appeal. 

The argument that an element can be decomposed into mcta-elemeiits by fractional 
precipitation is based on the power of phosphorescent spectra to distinguish 
between the unequivocally different elemental forms of matter. The spectral 
evidence, however, is considerably weakened by the fact that the spectrum of an 
earth can be greatly altered by admixture or combination with another earth. 
The difficulty is enhanced by the fact that it is almost if not quite impossible to 
obtain by fractionation, earths which are quite free from other earths present as 
impurities, and this the more because the earth under consideration may have 
properties very like those of half a dozen other earths. There is a large number of 
these earths with very similar properties, and the resemblance is the closer the larger 
the at. wt. of the elements under consideration. The fact that yttria obtained from 
different minerals gave phosphorescent spectra of varying intensity was taken by 
W. Crookes to mean that a partial separation had occurred in nature. L. de Bois- 
baudran, and B. Demar(;ay also opposed W. Crookes’ hypothesis and conclusions. 
The former showed that pure yttria gave no phosphorescent phenomena ; and the 
fluorescent bands obtained by W. Crookes were attributed to the presence of foreign 
earths—and Zg, in fact—very difficult to remove from yttria. W. Muthmann 
and E. Baur, E. Baur and B. Marc, G. H. Bailey, P. Schottlandcr, etc., showed that 
the intensity and nature of the phosphorescent spectrum and absorption bands can 
be varied in a marked way by the addition of traces of foreign substances; and 
Q. Urbain demonstrated that the phosphorescent spectrum of varying mixtures of 
gadolinium and terbium sulphates contain the very bands which W. Crookes 
attributed to meta-elements G„, Qg, ionium and incognilum. 

In 1896, P. Barrihre announced the existence of a new metal which he named 
lucium. The earth from which it was derived occurred in the yttria earths separated 
from monazite. The at. wt. 104 was assigned to it. W. Crookes, however, showed 
that lucia is really yttria mixed with didymia, erbia, and terbia. This was con¬ 
firmed by W. Shapleigh, who found that a sample of lucia contained 94 per cent, 
of yttria earths, 3'7 per cent, of ceria earths, IT per cent, of thoris, and 1'2 per cent, 
of other oxides. P. ^htltzenberger and 0. Boudouard fractionated yttria earths from 
monazite sands, and at the lower hmit of fractionation they obtained an earth 
with a tervalent metal of at. wt. 95 to 102. G. P. Drossbach aho obtained a similar 
earth from monazite, and £. Bondischowsky fractionated the yttria earths with acetyl 
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Ikoetone, and also obtained a lower limit. G. Urbain showed that by fractionation 
•with ethyl sulphate this hypothetical earth could be resolved into terbia, at. 
wt. 151‘4, at one end, and ^tria, at. wt. 89, at the other; he then concluded that 
the hypothetical earth is principally yttria mixed with some erbia and terbia. The 
separation of a base with a constant mol. wt. as the lower limit of a series of fractions 
is a phenomenon which does not establish the existence of a new clement, for 
A. E. Nordenskj61d made a rare earth mixture which he knew contained yttria, erbia, 
and terbia, and yet, under these conditions, gave a constant at. wt. 107. In 1898, 
W. Crookes announced the existence of a new clement which he called nmiium, as 
a result of fractionating the yttria earths. The principal lines in the spectrum were 
A=3120 and 3117. W. Crookes later changed the name to vuiorium, at. wt. 

0. Urbain showed that the spectrum and at. wt. of a mixture of 58 parts of yttria 
and 226 parts of gadolinia is the same as that of W. Crookes’ victorium. E. Baut 
and K. Marc came to a similar conclusion. 

In 1803, soon after the discovery of yttria in 1794, M. H. Klaproth, and 
J. J. Berzelius and W. Hisinger simultaneously found another new earth, termed 
cetia, in the minerals cerite, and tungstein or ochroite. Ccria resembled yttria in 
many respects, but unlike yttria was insoluble in ammonium carbonate, and acquired 
a tight brown colour on ignition, and hence M. H. Klaproth suggested the name 
ochroite for the earth. In 1814, J. J. Berzelius showed that yttria derived from 
orthitc contained considerable quantities of ccria. B, Brauncr expressed the belief 
that what is now recognized as ccria is mixed with another element which he termed 
melaceria. The former is white, the latter rose-brown. G. P. Drossbach could not 
confirm the existence of metacerium ; nor did B. Brauncr mention its existence in 
his later work. P. Schutzenberger and 0. Boudouard doubted the indiviiluality of 
ceria, but G. Wyrouboff and A. Verneuil showed that they worked with impure 
specimens. In 1817, J. .1. Berzelius isolated an earth which he called lliorine, but 
in 1824, he showed that thorine is a phosphate of impure yttria. In 1828, J. J. Ber¬ 
zelius isolated the thoria from the mineral thorite ; and in 1851, C. Bcrgemann, after 
extracting thoria from the mineral orangeite, obtained a fraction which ho stated 
contained an unknown element to which he gave the name domrium. A. Damour, 

N. J. Berlin, and M. Delafontaiiie stated that donarium is really a mixture of 
thorium, lead, and uranium, and about the same time C. Bcrgemann was convinced 
that his report was premature. 

In 1839, C. G. Mosander showed that ceria is really a complex earth. He was 
able to separate from it a white earth, lantbana, and later he obtained didymia from 
the same source. The means of detecting the element didymium found by 
C. G. Mosander (1842) in ceria and lantbana, were so imperfect that R. Hermann 
argued against its very existence. J. H. Gladstone, however, demonstrated that 
soln. of its salts possess a peculiar absorption spectrum ; and this was soon followed 
by the application of the spectroscope to detecting small quantities of the rare 
earths and guided chemists in the better purification of ceria, lanthana, and yttria. 
J. H. Gladstone mentioned two absorption bands; 0. L. Erdmann, seven; 

O. N. Rood, twelve; and J. F. Bahr and R. Bunsen, eleven. L. de Boisbaudran 
showed that some of the bands formerly attributed to didymium really belonged 
to samarium. G. Krliss and L. P. Nilson in a paper: Was bedeutet Dym ? showed 
that didymia derived from different locaUties gave an absorption spectrum with 
bands of varying intensity, and hence concluded that the so-called didymium is 
probably complex; and P. T. Cleve, C. M. Thompson, and H. Bccqucrel came to 
a similar conclusion. In 1882, B. Brauner also expressed the opinion that didymia, 
from which all known earths have been removed, is a mixture, and in 1885 C. A. von 
Welsbach discovered that didjrminm when freed from samarium is a mixture of two 
elements which he named preueodidymium and neodidymium, terms which were soon 
abbreviated to prawodymiam and neodyminm. The salts of the former were 
green, and of the latter, rose-red. G. Krftss and L. F. Nilson examined praseodymia 
and neodymia spectroscopically, and concluded that at least eight elements ate 
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present; C. M. Thompson also assumed that at least fire elements are present. 
W. Crookes added: Neodymium and praseodymium are not to be considered to 
be the names of actual elements, but rather the names of complex groups of molecules 
with which the complex molecule didymium splits up by one particular method of 
fractionation; other methods of fractionation would probably split didymium into 
diBerent products. W. Muthmann and L. StUtzel, and C. R. Rohm denied the 
elementary nature of praseodymium. No confirmation of the complexity of praseo- 
dymia has been obtained, although K. von Chrustchofi claimed to have obtained a 
third constituent which he csi\ed glaucodidymia ot ghucedymia, and which furnished 
blue salts. 

, While analyzing the rare earth mineral samarskite, from North Carolina, 
J. L. Smith isolated an earth which he called rmsandra; he considered the earth to 
be new because of the insolubility of its double potassium sulphate in a sat. soln. 
of potassium sulphate. J. 0. 6. de Marignac showed that solubility is only a relative 
quality, and considered mosandra to be identical with terbia; this view was shared 
by M. Delafontaine. Some years later, L. dc Boisbaudran found a sample of 
mosandra to contain didyraia, samaria, gadolinia, and terbia. In 1878, M. Dela¬ 
fontaine described a new oxide decipia which he had extracted from impure didymia 
derived from samarskite. The element, assumed tervalent, was stated to have an 
at. wt. 159, and to be characterized by absorption bands A=416 0 and 478 0. 

L. do Boisbaudran observed some new lines in the spectrum of impure didymia 
from samarskite. The absorption spectrum showed two strong bands in the blue— 
A=4800 and 4635—and three faint ones, one of which coincided with A=416 of 

M. Delafontainc’s decipia. Finally, he separated from decipia a new earth which he 
called samarift, and which exhibited three of these absorption bands. Meanwhile, in 
1880, J. C. Q. de Marignac isolated two new earths from samarskite, one he called 
ya and the other yj. The mixed earths were fractionated by partial decomposition 
of the nitrates, and by precipitation with a sat. soln. of potassium sulphate. The three 
fractions were (i) soluble in less than 100 vols. of the potassium sulphate soln.; 
(ii) soluble in 100 to 200 vols. of potassium sulphate soln.; and (iii) still less soluble. 
The fraction (i) was termed y«, and fraction (iii), y^. J. L. Soret showed that 
spectroscopically y^ and samaria are identical, and that decipia resembles neither 
y^ nor yo, but was probably a mixture of both ya and y^. The residue remaining 
after the separation of samaria from decipia was found to bo a mixture of yo and 
samaria. In his memoir : Sur ks terres de h samarskite, J. C. G. dc Marignac, 
speaking of yo, said : 

L’existence do ceite base conimo terro distincte ost rendue 6vidonto par le fait quo son 
<^quivalont est un maximum entre celles qui TavoUinont par lour solubilite dans lo sulfate 
de potasse. . . . Elle ne snurait Stro confondue aveo aucune de cellos qui out 6te signal^s 
jusqu’ici. 

In 1886, L. de Boisbaudran obtained a purified form of ya, and named it gadolinia. 
In 1906, 0. Urbain obtained gadolinia of a high degree of purity. Thus did decipia 
disappear from the list of rare earths. Still further, W. Crookes showed that 
J. C. Q. de Marignac’s earth, provisionally named ya, possessed a spectrum analogous 
to that of a mixture of samaria 39, and yttria 61, which had been ignited with 
sulphuric acid, except that a citron hand present in the artificial mixture is absent 
from the spectrum of the ya earth. Hence, added W. Crookes : 

The earth Ya is shown to consist ot samaria with the greenish-blue band of yttria, and 
some of the other yttria bands added to it. It proves further that the citron band, which 
was hitherto regarded as one of the essential bands of the yttria spectnun can be entirely 
removed, whilst another characteristic yttrium group, the green double band, can remain 
with heightened brilliancy. If, now, it were possible to remove the citron-band.forming 
body from this mixture, the earth Vs would be left behind ; in fact, the earth Ya would have 
been recomposed from its elements. 

Consequently, as H. M. Vernon has pointed out, the spectral test is unreliable, 
whether the earth ya is identical with or distinct from the yttria-samaria earth. 
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L. de Boisbaudran did not accept W. Crookes' conclusion. A. Bettendorff separated 
gadoHnia from samaria, but could get it to yield no spark spectrum. The spectra 
assigned by W. Crookes to the meta*elenients, Go, G^, and G{, arc duplicated by 
mixtures of terbium and gadolinium. E. Demaryay reported four elements were 
revealed by the spectroscopic examination of gadolinia, terbia, erbia, and yttria 
earths ; these elements were provisionally designated T, A, il, and The spark 
spectrum of the brown oxide obtained from the most soluble portions of dSjA asitez 
pur gadolinium magnesium nitrate furnished the lines A^37(U-3, 3703-2, 3673-7, 
3568-4, 3561*7, 3540-2, 3523*4, 3508*5, which possibly belong to pure terbium, but 
since the purity of the material used was indeterminate, they are attributed pro¬ 
visionally to an element denoted by T. In some less coloured oxides, the following 
lines were observed, possibly belonging to the earth ZyofL. de Boisbaudran : 4212*6, 
4195*5, 4187*3, 3978*6, 3945*0, 3595 0, 3550*0, 3531*3. The element producing 
those lines is denoted by A. In some yttrium, containing fractions intermediate 
in solubility between holmium and erbium, two intense lines, 3967*9 and 3930*9, were 
recorded, belonging to the hypothetical clement II. In the spectra of the slightly 
basic earths, intermediate between erbium and ytterbium, the two lines 4(K)8*2 and 
3906*5 are very intense ; these are attributed to an element G. 

In 1883, P. T. Clevc made an extended examination of samarium. He con¬ 
sidered it to be a chemical individual, and descrilH'd many of the salts. Three 
years afterwards E. Demarvay separated a new element from P. T. Clove’s samaria, 
and designated it S], A. Bettendorff could not conhrm K. Demarfay’s result, but 
in 1892, L. de Boisbaudran found that samaria is really complex, for, when 
fractioned with ammonia, the least basic fractions differed from the other fractions 
in showing a spark spectrum with three new l)lue lines, and a reversion spectrum with 
a new band between A-6110 and 4593. 


Jn Ihe reversion H]>ectr«m, sn imluctioii spark is taken Iw'tween flio surfaces of n cone, 
acid Hohi. of the chlorido aiul a clean platinum wire a few inllliinetres apart. Tlio wire m 
kept, ne^^atiye, the soln. {)Ositive. A thin fluorest-oiit light appears at the siirfaen of the 
liquid. Thi.s layer gives a spectrum of nebulous baiulH. L. do Itoisbaudrun called such 
sjjectra les Mpfctrm rfr renetr/tcment becatis© the direction of the spark is the reverse of that 
commonly employed. 

He attributed tlic now spark linos to an element which he ])roviaionaliy called Z,, 
and the band likewise to an element Z{. He expressed no opinion as to the identity 
of the two elements. In 1893, he showed that Zj is closely related with W. Crookes’ 
Sj, which exhibited an anomalous band in the phosphorescent spectrum of the rare 
earths. In 1896, E. Demarvay fractionally crystallized samarium nitrate, and 
obtained a new earth which he designated 2, in addition to gadolinia and samaria. 
The third component was readily soluble in nitric acid, its double potassium sulphate 
was readily soluble, and the base was feebly basic. (1. Benedicks could find no 
signs of E. Demar^ay's 2. In 1906, E. Demar 9 ay fractionally crystallized the 
double magnesium nitrate, and obtained the new earth fairly pure. He identified 
it with the Ss of W. Crookes and the Zj and Z{ of L. do Boisbaudran, all of which 
were shown to bo the same earth which was called eUTOpia. In 1917, J. M. Edor 
considered that the spectra of fractions of samaria show the presence of another 
clement rehich he named eurosamarium ; and four years later, he gave spectroscopic 
evidence of a new element lying between terbium and dysprosium, and named it 
welmum in honour of C. A. von Welsbach. 

In addition to thorine, donarium, mosandrum, philippium, decipium, lucium, 
victorium or monium, incognitinm, and ionium, many other elements have been 
reported, but when tested have been found wanting; there are others—metacerium, 
glaucodymium, E. Demarfay’s Q and denebium, dubhium, eurosamarium— 
which have been reported, but wbrae claims have not been established. Lists have 
been compiled by P. P. Venable, C. Winkler, P. T. Cleve, H. C. Bolton, and C. Basker- 
ville. 



50i 


INORGANIC AND THEORETICAL CHEMISTRY 


In 1811, T. Thomson prepared what he called junonium from the mineral allanite, but 
T. Scheerer and T. Thomson himself later showed that the report was based on an error in 
the analytical work. L. W. Gilbert, in 1818, announced vestium or sirium. £. Linnemann, 
in 1886, announced austrium in orthite, but L. de Boisbaudran, and R. Pribram showed it 
to be impure gallium. J. F. Bahr, in 1862, obtained what he called wasmium from orthite 
and gadolinite, but M. Delafontaine, H. P. Stevens, and 0. Popp regarded it as impure cerium; 
J. Nickl^s, as mixture of y ttria, terbia, and didymia; and J. F. Bahr himself later identified 
wasmium with thorium. J. L. Smith, in 1884, reported two new elements in samarskite, 
these he called columbtum {not niobium) mid rogerium. K. von Chrustchoff, in 1887, 
detected spectroscopically what he thought to be a new element in raonazite, etc.; he 
called it russtum, this was later regarded as being similar to P. Barri^re’s lucium— videiupra 
—L. Wenghdfier said it is a mixture of thorium &nd cerium. K. Lauer and P. Antsch, in 
1890, announced damarium ; and H. D. Richmond and H. Off, in 1892, masrium in a fibrous 
alum from Egypt. C. Baskerville, in 1901, reported two radioactive elements, carofmium and 
henelium, in thorium; K. A. Hofmann and W. A. A. Prandtl, in 1901, etixemum, in Norwegian 
euxenite ; but 0. Hauser and F. Wirth failed to find any signs of the new element in any 
of the known zirconia minerals. B. Kosmann, in 1896, announced two new elements, 
kosmimn and neokonmiutn, which C. Winkler found to resemble lucium. The use of the 
last two mythical elements for gas-mantles was patented. F. Exner and E. Haschek 
announced the existence of a new element E with a definite spectrum; but J. M. Eder 
showed that the spectrum was produced by the blending of the gadolinium and terbium 
of nearly the same wave-length. 

A large proportion of unconfirmed discoveries of elements belongs to the rare 
earth series, and this may be taken as a tribute to the difficulties attending their 
isolation. There is no adequate test to decide whether a mixture is involved; it 
is difficult to get definite results; fractionation may give mixtures which cannot 
be resolved into their constituents ; and spectroscopic results are modified by the 
presence of traces of impurities which cannot be removed. A chronological 
^summary of the announcements of discoveries of new elements derived from the 
rare earth minerals is summarized in Table II, together with an indication of the 
fate of the supposed discovery. 

Tablk II.—Chronolocjual View or Rbcorted Elements or the Rare Earths. 


Year, 


Reported Klcmeot. 


Source. 


Discoverer. 


Remarks. 


1794 

1804 

1811 

1817 

1818 
1828 
1839 

1842 

1843 
1843 
1851 
1862 
1878 
1878 
1878 
1878 

1878 

1879 
1879 
1879 

1879 

1880 


Yttrium 

Cerium 

Junonium 

Thorine 

Vestium 

Thorium 

Lanthanum 

Didymium 

Terbium 

Erbium 

Donarium 

Wasmium 

Mosandium 

Philippiuiii 

Deoipium 

Ytterbium 

X 

Scandium 

Samarium 

Thulium 

Holmium 

y« 


1880 y0 

1884 Columbium 


1884 

1865 


Rogerium 

Ne^ymium 


Oadolinito 

J, Oadolin 

Impure yttria. 

C/erite 

J. J. Bereelius, etc. 

Impure ceria. 

Allan! te 

T. Thomson 

Erroneous analysis. 

Cerite 

J. J. Berzelius 

Yttrium phosphate. 

Allanite 

L. W. Gilbert 

Unverified. 

Thorite 

J. J. Berzelius 

Element. 

Ceria 

C. G. Mosander 

Element. 

(•eria 

0. G. Mosander ! 

Mixture. 

Yttria 

C. G. Mosander 

Erbium since 1860. 

Yttria 

C. G. Mosander 

Terbium since 1877, 

Orangoito 

C. Bergemann ' 

Mixture. 

Orthite 

J. F. Bahr ! 

Mixture. 

Samarskite 

J. L. Smith 1 

Mixture. 

Yttria 

M. Delafontaine i 

Mixture. 

Samarskite 

M. Delafontaine 

Mixture. 

Erbia 

J. C. G. de Marignac < 

Mixture. 

Erbia 

J. L. Soret ^ 

Holmium. 

Ytterbia 

L. F. Nilson 1 

Element. 

Didymia 

L. de Boisbaudran j 

: Element. 

Erbia 

P. T. Cleve 

Element. 

Erbia 

P. T. Cleve 

1 Element. 

Samarskite 

J. C. G. de Marignao ; 

Gadolinium after 

1 1686. 

Samarskite 

J. C. 0. de Marignac 

i Samarium. 

Samarskite 

J. L. Smith 

i Mixture (not 
j niobium). 

Samarskite 

J. Lr Smith 

I Mixture. 

Didymia 

C. A. von Welsbaoh 

Element. 
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Year. 

Beported ElemeDt. 

Source. 

Dlseoverer. 

Rsnuuks. 

1885 

Praaeodymium 

Didymia 

C. A. von Welsbach 

Element. 

1885 


Terbia 

L. de Boiabaudran 

Dywrosium. 

Terbium. 

1885 


Terbia 

Li de Boiabaudran 

1886 

h 

Terbia 

L. de Boiabaudran 

Dysprosium. 

1886 

z 

Terbia 

L. de Boiabaudran 

Terbium. 

1886 

1886 

Sj 

Dysprosium 

Samaria 

Holmia 

E. Demaroay 

L. de Boiabaudran 

Possibly 2 below. 

1886 

Austrium 

Orthito . 

E. Linnemanu 


1886 

Meta>elements 

V'arious 

W. Crookes 


1887 

Meta-elements 

V^arioue 

G. Kriisa, etc. 

Vide mpra. 

1887 

Russium 

Monazito 

K* von ChruaUboff 

Mixture. 

1892 

Masrium 

Egyptian alum 

H. D. Richmond, ek*. 

Unverified. 

1892 

z. 

Samaria 

L. de Boiabaudran 

Europium. 

Europium. 

1892 

Zc 

Samaria 

L. de Boiabaudran 

1864 

Demonium 

Yttria 

H. E. Rowland 

Dysprosium. 

1895 

Metaceriiim 

Cerite 

E. Brauner 

Unverified. 

1896 

Damarium 

Monarite 

K. Lauer and 

Unverified. 

1890 



P. Antach 


2 

Yttria 

K. Demaroay 

Europium. 

1896 

Lucium 

Yttria 

P. Barriire 

Mixture. 

1896 

Kosmium 

Y ttria 

B. Kosmann 

Mixture. 

1806 

Nookosmium 

Yttria 

B. Kosmann 

Mixture. 

1897 

(llaucodymiura 

Didymia 

K. von Chniatohoff 

Unverified. 

1898 

Monium 

Yttria 

W. Crookes 

Viotorium. 

1890 

Victorium 

Yttria 

W. Crookes 

Mixture. 

1000 

r 

Terbia 

E. Demaroay 

Terbium. 

IVMH) 

a 

Terbia 

£. Demar^y 

Dysprosium. 

1900 

n 

Yttria 

E. Demaivay 

Unconfirmed. 

1000 

0 

Yttria 

E. Demaroay 

Unconfirmed. 

1001 

Kuxenium 

Euxenite 

K. A. Hofmann, etc. 

Unverified. 

1904 

Curolinium 

Thorite 

C. Baskerville 

Unverified. 

um 

Berzeltum 

Tliorilo 

C. Baskerville 

Unverified. 

10(^ 

Inoognitum 

Yttria 

W. Crookes 

Terbia-gadolinia. 

1005 

Ionium 

Yttria 

W. Crookes 

Terbia-gadolinia. 

1006 

Nooytterbium 

Y tterbia 

(j. Urbain 

Element. 

1005 

Lutecium 

Yt terbia 

0. Urbain 

Element. 

1007 

Aldebamniuin 

Ytterbia 

C. .4. von Welsbach 

Neoytterbium. 

1007 

Cassiopeium 

K 

Ytterbia 

C. A. von Welsbach 

Lutecium. 

1010 

Terbia 

F. Exner and 

Mixture. 




E. Haschek ' 


1911 

Celtium 

Oadolinito 

ft, Urbain I 

Lutecium. 

1012 

Tb,. Tb„ Tb, 

Terbia I 

C. A. von Welsbach ; 

Unconfirmed. 

1016 

Denebium 

Ytterbia 

J. M. Eder 

Unconfirmed. 

1916 

Dubhium 

Ytterbia 

J. M. Eder ’ 

Unconfirme<i. 

1917 

Eurosamarium 

Samarskite ' 

.1. M. Eder 

Unconfirmed 

1920 

Wolsium 

Terbia 

J. M. Eder 

Unconfirmed. 


BxrEaaHOEa, 

* A. J. Croiutedt, Min^alogir, Htockholm, 183, 1768; Svenska Akad, Handl., 235, 1751 ; 

C. W. Scheele, ib., fll, 1781; J, G. Wallerius, Mineralogia, Stockholm, 303, 1747; J, J, y Don 
Fau^ d’Elhuyar, Svetuka Akad, Handl., 6,121, 1784 ; T. Bergman, OfmJKula phytka cl chemka, 
Lipeiie, 6 .108, 1780; J. J. Beraolina and W, HUinger, QehlfWs down., 2. 303, 397, 1804. 

• J. Gadolin, Creltt Ann., i, 313,1790; Sventka Akad. Handl., 16,137,1794; A. G. Ekobetg, 
«5., 18. 156, 1797 ; 23. 68, 1802; Cnfft Ann., ii, 63. 1799 ; Sckemr’t Journ., 9. 597, 1802; 
H, M. Vernon, PM. Mag., (5), 81. 108, 1891; D. 1. MendeBeff, BnU. Acad. St. PcUrthnrg, (4), 
16. 45, 1871J Jonm. Rum. Pkp. Ckem. Sac., 6. 119, 1873; IMig'a Ann., 168. 45, 1878; 

D. N. Vauqnelin, Ann. Chim. Phyt., (1), 22. 179, 1797 ; (1), 36. 143. 1801 ; (1), 64 . 28, 1806; 
M. H. Klaproth, BeilrSga zur eimueken Xenniniu dec MineralUrper, Berlin, 1. 227, 1796 ; 

3. 52, 1802; 4 . 142, 1807; Sitdxr. Akad. Bolin, 155, 1804; Crdl't Ann., i, 307, 1801 ; 
OthUn't Ami., 6 303,1804 ; J. J. Beraolina and W. Hiainger, ih., 2. 303, 397, 1804; W. Hudnger, 
Stxntka Akad. Handl., 32. 209, 1811 ; J. J. BeraeUna,«., 66 1,1829 ; A/hand. Fytik Kent MU., 

4 . 148, 217, 289, 319,1814 ; 6. 25, 39,42,1816 ; 6 56.1817 ; SckaeiggePt Joan., 21. 26,1817 ; 
Oilbtres Ami., 16 50,1812; L. W. Gilbert, ii., 68. 107, 1818; T. Seheerer, ib.,». 99,1818; 
Poyg. Ann., 61. 409, 1840 ; 66. 482, 1842; L. Saanbeig, ib., 66. 317, 1846; N. J. Berlin, ib.. 
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86. 655, 1862; J'ofA. Skand, Nat. KopevJiagenf 8. 448,1860 ; M. Faraday, Qaarl. Journ. Sfience. 
6. 112, 1819; C. Bergemann, Ann. Chim. Phyn., (3), 36. 235, 1852; Pagg. Ann., 82. 661, 1861; 
86. 668, 1862; PAit. Mag., (4), 1. 683, 1851 ; 0. N. Rood, Amer. Joum, Science, (2); 34. 129, 
1862 ; 0. L. Krdmann, Joun. praht. Chem., (1), 86. 394,1862; H. Becqocrel, Comvt. Send., 104. 
186, 777, 1691, 1887; A. Damour, ib., 84. 686, 1862; Ann. Chim. Phys., (3), 86. 241, 1862; 
J. P. Bahr, Pogg. Ann., 119. 672,1862; Chem. News, 8. 176, 186,1862; Liebig’s Ann., 132. 227, 
1864 ; J. F. Bahr and R. Bnnaen, ib., 137. 1, 1866 ; 0. Popp, ib., 131. 179, 364, 1864; Chem. 
News, 11. 206, 1864; R. Pribram, Momtsh., 21. 148, 1900; B. Demarcay, Campt. Bend., 102. 
1661, 1886; 104. 680,1887 ; 106. 276, 1887 ; 117. 163,1893; 122. 728,1896; 128. 1039, 1898; 
180. 1019,1186,1469, 1900; 131. 387, 389, 1900; 132. 1484, 1901; Chem. News, 82. 127,1900; 
.1. H. Gladstone, Journ. Chem. Soc., 10. 219, 1868; 11. 36, 1869; G. Kruss and L. F. Nilson, 
Per., 20. 2134, 1887 ; Chem. News, 68. 74, 86, 136, r46,154,166, 172,1887 ; P. Kiesewetter and 
G. Kruss, Ber., 21. 2310, 1888 ; Chem. News, 88. 78, 91,1888; G. Kruss, ib., 84. 66, 76,100,120, 
1891; Liebig's Ann., 286. 1,1891; Zeil. anmg. Chem., 3. 3,62,1893; K. A. Hofmann and G. Kriiss, 
to., 8. 407, 1893 ; K. A. Hofmann, Ueder dh Terbinerde, Miinchen, 189.3 ; K. A. Hofmann and 
W. A. A. Prandtl, Ber., 1064, 1001; 0. Hauser and F. Wirth, ib., 42. 4443, 1909; 
W. A. A. Prandtl, Ueber einiger neue Bestandteile des Buxenits, Munchen, 1901; 0. Holmberg, 
Arkiv. Fysik Kemi Min., 4. 2,10,1911; G. Urbain, Ann. Chim. Phys., (7), 19. 184,1900; Cotnpl. 
Bend., 128. 836,1898; 140. 683, 1906; 141. 621,1906; 142. 788,1900; 162. 141,1911; Journ. 
Chim. Phys., 4. 334, 366, 1906; BuU. Soc. Chim., (3), 17. 98, 1897 ; (3), 19. 376, 1898 ; Compl. 
Bend.. 174. 1349, 1922; A. Dauvillier, ib., 174. 1347,1922; G. and K. Urbain, ib., 132.1.36,1901 ; 

O. Urbain and E. Boudischowsky, Compt. Bend., 124. 618, 1897 ; (/. Baskervillc, Chem. News, 84. 
179, 187, 1901; 89. 109, 121,136,160, 1904 ; Journ. Amer. Chem. ,8o<'.,23. 761,1901; 0. James, 
<6., 33.1332,1911; U. James and D. VV. Hissel, ib., 38. 893,1910 ; W. .Shepleigh, Chem. News, 78. 
41,1897 ; P. Barriire, ib., 74. 169,212, 269, 1896 ; II. A. Rowland, ib., 70. 68,1894; H. I). Rich¬ 
mond and H. Off, Joum. Chem. Soc., 81. 491, 1892 ; Chem. News, 65. 2.67, 1892 ; K. I.auer and 

P. Antsch, Chem. ZIg., 14. 438,1890 ; J. M. Eder, Silrber. Akad. men, 124. 124,1911!; 126. 1467, 
1916; 128. 473, 1917; 129. 421, 1920; G. H. Bailey, Ber., 20. 2769, 3326,1887 ; 21. 1.620, 1888 ; 
0. G. Mosander, Pogg. Ann., 11. 406,1827 ; 46. 648,1839 ; 56. 603,1842 ; Svenska Akad. Ilandl., 
27, 299, 1826; Skand. Nalurfdr. Forh., 3. 387, 1842; Compl. Bend., 8. 356, 1839; Liebig’s Ann., 
44. 126, 1842 ; 46. 210, 1842; Phil. Mag., (3), 23. 241, 1843; J. ('. G. de .tlarignac, 
Ann. Chim. Phys., (3), 38. 148, 1863; (3), 80. 257, 1860; (4), 30. 56, 1873; (.6), 14. 247, 
1878; Arch. Sciences Oenhe, (1), 24. 278, 1863; (2), 8. 121, 1860; (2), 61. 283, 1878; 

(2) , 63. 172, 1878; (2), 64. 87, 1878; (3), 3. 41.3, 1880; Phil. Mag., (4), 20. 87, 1800; 
Compt. Bend., 60, 952, I860 ; 87. 281, 678,1878 ; 90. 899, 1880 ; Chem. Neies, 38, 213, 1878 ; 41. 
260, 1880; M. Delafontaino, Arch. Sciences, Cenhe, (2), 18. 343, 1863 ; (2), 21. 97, 1804 ; (2), 
22. 30, 1865; (2), 26. 105, 112, 1866; (2), 61. 48, 1874; (2), 61. 273, 1878; (3), 3. 360, 1880; 
Ann. Chim, Phys., (6), 14.238,1878 ; Chem. News, 11.241,2.63,1866 ; 38.202,25,3, 1878 ; 44. 67, 
1881; Compl. Rend., 87. 669, BOO, 634, 933, 1878; 90. 221, 1880 ; 93. 6.3, 1881; P. T. fleve and 
M. Hoglund, Bihang. .Svenska Akad. Ilandl., 1. 8, 1873; 2. 7, 8, 12, 1874; Bull. Soc. Chim., (2), 
18. 193, 289, 187.3 ; P. T. Uleve, ib., (2), 21. 246, 344, 1874 ; (2|, 31. 195, 1879 ; Olfrers. 
Akad. Fdrh., 38. 7, 1879; Chem. News, 40. 126, 169, 224, 1879 ; 42. 182, 199, 1880 ; 46. 273, 
1882; Compt. Bend., 89. 419, 478, 708, 1879; 91. 328, 381,1880 ; 84.1528,1882 ; 86. 3.3, 1882 ; 
T. Dahll, ib., 89. 47, 1879 ; Chem. News, 40. 26, 1879 ; ('. M, Thompson, ib., 65. 227,1887 ; 64. 
167, 1891; B.A. Bep., 611, 1891; E. Baur and R. Marc, Ber., 34. 2460, 1901; R. Marc, Die 
Kathodcdumincscenz-Spektren der seltenen Frden und IJntersuchungen Uber die Krden der Ytler. 
grappe, Munchen, 1902; W. Muthmann and h. Stutzcl, Ber., 32.' 2664, 1899 ; I,. Stiilzcl, Zur 
Kenninis der seltenen Erden des Cerits, Munchen, 1899; C. R. Bohm, Die ZerUgbarkeit des Praseo- 
dyms. Hallo a. «., 1900; W. .Muthmann and t'. R. Bohm, Ber., 33. 48, 1900 ; W. Muthmann 
and E. Baur, ib., 33. 1748, 1900; L. do Boisbaudran, Compl. Bend., 88. 322,1342,1879 ; 89. 212, 
616, 1879 ; 100. 1437, 1885 ; 101. 652, 688, 1886 ; 102. 163, 396, 647, 899, 1003, 1006, 1436, 
1636, 1886 ; 103. 113, 627, 1886 ; 105. 268, 301, 343, 784, 1887 ; 108. 166, 1889 ; 110. 67, 1890 ; 
111. 303, 409, 474, 1890; 114. 576, 1892; 110. 011, 674, 1893; 121. 709, 1895; Chem. News, 
39. 116, 1879 ; 40. 90,167,1879 ; 62. 4, 290, 299,1885 ; 63. 63, 217, 1886 ; Arrli. Sciences Uen'eve, 

(3) , 2. 119, 1879; Butt. Soc. Chim., (3|, 3. 63, 1890; H. E. Roscoe, Ber., 16. 1274, 1882; Chem. 
News, 46, 184, 1882; Joum. Chem. Soc., 41. 277, 1882; \V. tVookes, Proc. Boy. Soc., 32. 206, 
1881; 36. 262, 1883 ; 38. 414, 1883 ; 40. 2.36, 602, 1886 ; 42. Ill, 1887 ; 66. 237, 1899 ; Phil. 
Trans., 174. 891,1882; Compl. Bend.. 100.1496,1886; 102. 606, 646,1464, 1886; Chem. News, 
48, 237. 1881; 47. 261, 1884 ; 49. 169, 169, 181, 194, 206, 1884 ; 61. 301, 1886 ; 63. 76, 133, 
1886 ; 64. 13, 27,39, 40, 64, 63, 76,1886 ; 66. 83, 95, 107, 119, 131, 1887 ; 66. 82, 81,1887 ; 80. 
27, 39, 61, 63, 1889 ; 74. 269, 1897 ; 79. 212, 1899 ; 80. 40, 1899 ; Joum. Chem. Soc., 65. 260, 
1889; J. L. Smith, Amer. Joum. Science, (3), 13. 369, 1877; (3), 14. 609, 1877 ; Amer. Chem. 
Joum., 6. 44, 73, 1883; Chem. News, 38. 61, 100, 1878; Nature, 21. 146, 1879; Compl. Bend., 
87. 148, 148, 831, 1878; W. 480,1879; J. L. Soret, ib., 86.1062,1878 ; 88. 422, 621, 1879 ; 89. 
621,1879 ; 91. 378, 1880; Chem. News, 42. 198, 1880; AreA. Sciences Oenive, (2), 63. 89,1878; 
R. Thalen, »., 42. 197, 1880; Compt. Bend., 91. 376, 1881; L, F. Nilson, ib., 88. 645, 1879 ; 91, 
56, 118, 1880; Bull. Soc. Chim., (2), 23. 260, 363, 494,1876; Chem. News, 40. 76, 1879 ; 42. 61, 
83,1880; Ber., 18. 664,1879; J. NicklAs, Compl. Bend., 67.740,1863; B, Brauner, Tagbl. Nat. 
Vers.3tttdmrg,4S,mi; Campt. Bead., 94.1718,1882; AfoaatsA., 8. 486,1882; Chem. News, 16. 

. 16,1882 : 47. 176,1883 ; 71. 283, 1895; Joum. Chem. Soc., 48. 278,1883; Proc. Chem. Soc., 11. 




THE EASE EAETHS 


B07 


06, 1895; 17. 67, 1901; Zeit. ariorg. Ckem., 84. 207, 1903; B. Brauner and A, Batok, i6., 84. 
103, 1903: C. A. Ton Welabach, Stoker. Jtad. Wien, 92. 318, 1885; 113. 1037, 1903 ; 118, 507, 
1909: Monaleh., 5. 1, 608, 1884 ; 6. 477,1886 ; 27. 936, 1906 ; 29. 181, 1908 ; 80. 695, 1909 ; 
Liebig's Ann., 381. 464, 1907 ; Chem. Zig., 35. 668, 1912; Chem. News, 52. 49. 1885; P. Sohott- 
landw, Ber., 25. 378, 1892; Chem. News, 66. 206, 219, 233, 243, 266, 1892; G. P. Broaabaoh, 
Ber., 29. 2462, 1896 ; 33. 3506, 1900; B. Koaniann, Zeit. Elekinxhem., 3. 279,1896 ; German 
Pal., D.R.P. 90652, 1896; Ber., 30. 13,1897 ; P. Schiitaenberger, Comp/, Bend., 120. 663, 962, 
1896; P. Sohiiteenberger and 0. Boudouard, ib., 122.697, 1096, 1897 ; (>. BoudmianI, ib., 125. 
772, 1096, 1897; T. Thomson, Trnns. Bog. Soe. Kdin., 6. 386, 1811; Phil Mag., (1), 37. 278, 
1811; O. Wyroubofi and A. Vemeuil, Compt. Rend., 125.950,1180,1897; A. Beltendorff, Liebig's 
Ann., 263. 164, 1891; E. Linnemann, Monalsh., 7. 121, 1886 ; Nature, 34. 59, 1886 ; L. Wong- 
hoffer, Ber. deut. pharm, Ges., 7. 85, 1897; K. Ton Chrustcholf, Journ. Buss. Phga. Chem. 8oc., 
29. 206, 1897 ; Berg. Halt. Ztg., 46. 329, 1887; C. Bonedioka, InUrnat. Zeit. Metaling., 7. 226, 
1916 ; F. P. Venable, Journ. Elisha MitchiU Bcienl. Soe., 4. 36, 1887 ; (’. Winkler, Ber., 80. 13, 
1897 ; H, C. Bolton, Chem. News, 88. 188, 1888 ; A. E. Nordonskjold, (Efrers. .4trad. Porh., 27. 
551, 1870 ; 30. 13. 1873; F. Exner and E. Haacliek, Siteber. Akad. Wien, 119. 771, 1910; 
B. Hermann, Joum. prakt. Chem., (1), 34. 182, 1845; B. Kosman, Zeit. Elektroehem., 3. 279, 
1897; H. P. Stevens, Zeit. anorg. Chem., 27. 41, 1901; 31. 368, 1902 


§ 3. The Occurrence of the Bare Earths 

The rare earths are widely distributed, but in minute quantities. F. W. Clarke 
and H. S. Washington * estimated that the ten-mile crust, the hydrosphere, and 
lithosphere contained 0 019 per cent, of yttrium and cerium earths. The history of 
the rare earth minerals begins with the discovery of tumj.sl<'in, or tungsten, and the 
confusion of that mineral with the Bohemian tennspar heralded the greater confusion 
which was destined to follow when the composition of the nimeral was minutely 
examined. The early history of this mineral has been previously described. 
M. II. Klaproth - proposed to call it oehriiite—utgjm, brownish-yellow—on account 
of its colour ; and J. .1. Berzelius cerite, in honour of the discovery of the minor 
planet Ceres in 1801. M. H. Klaproth accepted .7. 7. Berzelius’ term, but suggested 
adding another syllable —cererite - so that it would not be supposed that the term 
was derived from ngpi'et, wax. The proposal was not accepted. M. H. Klaproth 
reported .315 per e(>nt, of silica in the mineral; L. N. Vauquelin, 17 0 per cent.; 
and K. Hermann, 18 0 per cent. M. H. Klaproth included with the silica in his 
analysis all the material not decomposed by the method he employed. It. Hermann 
assumed that two different minerals were in question; and, since appreciable 
quantities of lanthanum as well as cerium are coutained in the mineral, he suggested 
calling the mineral with a high proportion of lanthanum and a smaller proportion 
of cerium, hinthnnocerite. (i. A. Kenngott said that lanthanoccrito owes its 
lanthanum to admixed hnthanile. R. 7. Haiiy’s term for the mineral was cirium 
o/ydi siliceux rouge, in contrast with ctrium oxyii siHceux noir employed for 
allanitc. Analyses of the Swedish mineral from Bastnacs were reported by 
W. Hisinger and 7. 7. Berzelius, M. H. Klaproth, W. Hisinger, 7. F. 7ohn, 
A. Arche, R. Hermann, T. Kjerulf, C. F. Rammelsberg, G. Nordstrom, F. Stolba, 
W. Muthmann, and L. StUtzel. Analyses made after 1813 show the presence of 
didymium and lanthanum: 


SiO, 

Cc,0, 

DI,0, 


Al,0, 

FcO 

CaO 

mo 

<;o, 

U,0 

1606 

2«-55 

J806 

]0*33 

1-68 

.3*17 

1*23 

1*25 

4*02 

810 

21-35 

00*90 

3*90 

361 

— 

1*46 

105 

— 

0*38 

6-31 


The idealized mineral is usually regarded as a basic cerium silicate, 
Hj(Ca, Fe)Ce 3 Si 30 i 3 , with 60'7-71’8 per cent, cerium. P. Groth interprets this 
formula as representing a basic metasilicatc, (Ca, Fe)(CeO)Ce 2 (OH) 5 ( 8 iOj) 3 , a deriva¬ 
tive of the acid HgSisOg. C. F. Rammelsberg gave (Ce, La, DilgSiOg.HgO. Numerous 
other constituents have been reported— e.g. bismuth, manganese, copper, phosphoric 
and sulphuric oxides, etc. H. St. C. Deville found traces of van^um and titanium 
oxides. G. Tschermak found 11'7 per cent, of zirconium in a sample from Batoum, 
and he also found 7'6 per cent, of yttria. W. Crookes, 0. Krttss and L. F. Nilson, 
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etc., have discussed the complexity of the me earths contained in cerite; but the 
mineral is too scarce to serve generallyfor the extraction of rare earths, 6. Tscbermak, 
W. Eamsay and M. W. Travers, and E. J. Strutt found a considerable proportion of 
helium occluded in the mineral. R. J. Strutt found l'36xl0“* grm. of radium; 
G. Bardet found the mineral radioactive. It is rather unusual to find thorium and 
uranium both absent in the rare earth minerals; Q. Tschermak found traces of 
thorium in a sample from Batoum; hut this element is not represented in 
analyses of the mineral. The mineral occurs massive or granular. A. E. Norden- 
skjold and W. Haidinger have discussed the crystalline form. The brown to red 
translucent or opaque crystals are rhombic with axial ratios a : 6 :e=0'9988:1:0'8127. 
The hardness is 5 to 6. L. N. Vauquelin gave 4 530 for the sp. gr.; M. H. Klaproth, 
4'660; and G. Nordstrom, 4 86. G. Spezia showed that cerite turns yellow in the 
oxidizing flame, and melts to a brown enamel in the reducing flame. A. L. Fletcher 
found cerite softened at about 1230°, and melted about 1350°. It is readily attacked 
by sulphuric acid, and with hydrochloric acid it forme a gelatinous silica. From the 
different proportions of the mineral attacked by the acid, and left in the silica, 
C. F. Bammeleberg inferred that “ cerite is a mixture of silicates which are not all 
attacked with the same ease by hydrochloric acid.” C. A. von Welsbach made a 
similar observation. J. Schilling compiled a bibliography on cerite. 

Cerite and gadolinite are two of the most interesting minerals in connection 
with the discovery of the rare earths. The mineral which J. Gadolin named 
yUerbite, and in which he discovered yttria earth, was afterwards named gadolinite. 

B. B. Qeijer described it in 1788 as a black zeolite. This mineral occurs at Ytterby 
near Stockholm and at Fahlun, Taberg, and Carlberg in Sweden; it occurs also in 
Hittero and Malo in Norway; in the Biesengebirge and the Harz in Germany; in 
the trapp rock of Galway, and in the granulite of Down County, Ireland; on the 
Zdjar Mountains in Austria; in the granite of Baveno, Italy; in the granite of 
Ceylon ; and at Disko, Greenland. There is a remarkable deposit at Baringer Hill, 
Llano Co., near Bluffton in Texas ; and near Devil’s Head in Colorado. 

The giant pegmatite of Texas furnishes large crystals of gadolinite associated with 
thorogummite, nivenite, fergusonite, allanite, tongerite, cyrtolite, rowlandite, mackintoshito, 
and yttrocrasite. This deposit has been studied by W. E. Hidden and co-workers. There 
is hero a decompraition product of gadolinite which they named green gadolinite or 
yttrialUe, It contains no beryllia, and twice as much silica as the parent mineral, for it 
approximates to BjOj.ZSiOj, where BjO, represents the yttria o.xido8. 

The analysis of J. Gadolin was confirmed by A. G. Ekcberg, M. H. Klaproth, 
and L. N. Vauquelin. In 1802, A. G. Ekeberg showed that the earth reported as 
alumina was really beryllia, and amounts up to 11’60 per cent, of beryllia were 
reported by N. J. Berlin, A. Connell, T. Scheerer, etc. From these results it is con¬ 
sidered that beryllia is of secondary origin. Amounts of ceria up to 20 28 per cent, 
were reported by J. J. Berzelius, J. S. Humpidge and W. Burney, T. Thomson, etc. 
In addition to analyses by those just mentioned, others have been reported by 

C. F. Bammelsberg, N. Lindstrom, C. W. Blorastrand, T. Thomson and A. Steel, 
B. F. Davis and A. 6. Maitland, W. Fetersson, B. Szilard, J. Fromme, W. C. Brogger 
and co-workers, J. F. Bahr and R. Bunsen, G. P. Tschernik, G. A. Kdnig, M. Websky, 
L. G. Eakins, A. des Cloizeaux, etc. The silica ranges from 21 '86 to 29'20 per cent..; 
the yttria earths, from 9’50 to 51'46 per cent.; the ceria earths, from 1'80 to 16'69 
per cent.; the ferrous oxide, from 7 47 to 16 04 percent.; the beryllia up to 11'60 
per cent.; the lime, 0 23 to 3-47 per cent.; the loss on ignition, up to 5-2 per cent. 
In addition, ferric oxide, alumina, thoria (0’81-0'89 per cent.), magnesia, manganese 
oxide, and the alkalies have been reported. The complex character of the rare 
earths in this mineral is indicated in the preceding section. C. F. Bammelsberg, 
G. Taohermak, and A. Himmelbauer have discussed the constitution of the mineral. 
The formula of the idealized mineral is sometimes written FeBcjYjSigOip, or 
2 Be 0 .Fe 0 .Y 203 . 2 Si 02 ; and P. Oroth regards it as a basic orthosiUcate, 
Bej,Fe(YO)i(Si 04 )t, derived from the acid HgSijOg. B. B. Geijer has described the 
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cerium ore of Bastnaes, and microscopically it appears as a fine grained aggregate of 
cerite, bastnasite, orthite, lanthanite, fluocerite, and tomebohmite. 

Gadolinite occurs in subtranslucent or opaque masses, black, or greenisb- or 
brownbb-black in colour. It also occurs in crystals belonging to the monoclinic 
system with axial ratios a: b: c=0-62726 :1:1-32149, and ;S=89° 26' 30". The 
crystals have also been examined by N. S. Maskelyne and V. von Lang, P. Waagc, 
R. J. Hatty, W. Phillips, A. Levy, T. Scheerer, A. T. Kupffer, 6. vom Rath, A. des 
Oloizeaux, and H. Sjogren. A. Hadding, and H. Kttstner studied the X-radiogram 
of gadolinite. The latter found that the isotropic crystals are truly isotropic, and 
no colloidal or subcolloidal anisotropic crystals are present. Both the natural 
anisotropic crystals and the anisotropic crystals formed by heating the isotropic 
crystals to 1000° furnish characteristic X-radiograms. The sp. gr. is between 4 0 
and 4-5, and the hardness 6-5-7-0. E. D. Clarke fused gadolinite in the o.\y-hydrogen 
blowpipe flame to form a blttck glass ; and A. L. Fletcher found the mineral showed 
signs of melting between 1395° and 1460°. The crystals have a strong positive 
birefringence. The brown variety is distinctly pleochroic, the green varieties have a 
weaker pleochroism. According to W. H. Wollaston, T. Liebisch, and K. A. Hof¬ 
mann and F. Zerban, gadolinite is ealorescent at about 430°. W. C. Brogger, 
W. Pctersson, and G. T. Prior examined the hypotheses that on calcination the 
crystalline mineral becomes amorphous. The heating curve of the crystalline 
mineral, obtained by T. Liebisch, gives no ground for the assumption ; the curve is 
quite regular. W. Petersson, G. Tschermak, W. Ramsay and M. W. Travers, 

'f. Scheerer, and J. J. Berzelius showed that the sp. gr. of the calcined mineral is 
greater, and H. Rose, that its sp. ht. about one-fourteenth less, than the original 
mineral. J. Schilling compiled a bibliography on gadolinite. 

According to C. 0. von Leonhard,^ and F. von Kobcll, in 1808, H. L. Oicsecke 
sent a package of minerals from Greenland to Copenhagen ; the vessel was captured 
by an English privateer, and brought to Leith. The minerals were purchased by 
T. Allan; he mistook one mineral for gadolinite and sent it to T. Thomson for analysis. 
The latter recognized it as a new mineral and called it allanite. Judging from the 
many names which have been assigned to what appear to be varieties of the same 
mineral, it might almost be called polyonymite—jroXvtoeiJ/tor, having many names. 

W. Hisinger called a variety from Riddarliytlan, Sweden, cerinc, and R. J. Hauy desig¬ 
nated the mineral cirium azydi ailiceux noi> in contrast with cirium orydi tdinux rougi 
employed for the mineral cerite. J. J. Boraolius named a mineral from Finlro, Falilun, 
orthlle -iftit, straight—in reference to the form of its crystals, and another mineral from 
Kararfvet, Fahlun. pyrorthite — wtp, fire—in reference to ita colour. F. Stromeyer, and 
T. Scheerer showed that allanite, ccrine, and orthite are varieties of the same mineral. 

A. L<‘vy deseribed a black mineral from Nilskil, Arendal, as bucklandile. A. Livy, 0. Hose, 
and R. Hermann showed that bucklandite is closely related to orthite. R. Hermann, 

C. F. Rammelsberg, and J. Auerbach called n sample from Miask, Urals, uralorthUf., and 
N. von Kokscharofl showed that it is related to orthite. A. Breithaupt calM a sample 
from the trachyte of Laach, tauloliU — rainii’, the same ; xISm, stone-and 0. vom Rath 
showed its relationship to orthite. A sjrecimen from EriksBerge, near Stockholm, was 
called xamrihiu or xanlhorthite — (arMt, yellow—by R. Hermann and describ^ as a 
yellow orthite. N. von Kokscharoff, and R. Hermann described bagratitmUc —named after 
P. R. Bagration—from Achmatovsk. R. Hermann regarded it as a variety of orthite 

A. Breithaupt, C. Kersten, and T. Kemdt reported bocUniie from the soil at Mauersberg, 
Saxony; T. Kemdt, muromonlite —Latinized name of Mauersberg—from Mauersfaeig; 
vaxite^ or uxuUe obtained by J. F. Bahr from RCnshotra, Stockholm, and studied by 

B. Salard, and N. Engstrdm; michaeUonite found by C. A, Michaelson and E. Nobel near 
Brsvig; and N. J. ^rlin, the trdmanniia —named after 0. L. Erdmann—was obtained 
from Stdkb near Brevig. All these are more or less impure varieties of orthite or allanite. 
Pale green crystals of a mineral named WroelloluIlU* wore found by P. Geijer to be associated 
with the cerite of Baatniis. The analysis is: 

SIO, Ce,0, (Ltfidfi, Al,0, FeO KnO MgO CsO F Ignlttos 

22-08 27-52 34-85 8-55 1-91 0-05 0-49 0-23 0-29 1-70 

The formula K|iROH)(SiOA| approximates to andalusite or topaz; but the mineral Is 
more closely sUIm to cerite irom which it differs in containing more aluminium and calcium. 
The optical properties differ from those of cerite | the sp. gr. is 4-94. 
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AUamte or ortHte is faitly widely distributed in relatively small quantities. 
For example, it is found in Greenland, Biddariyttan, Ytterby, and Tunaberg in 
Sweden; at Kragero, Hitterd, and FiUe Fjeld in Norway; at Impilaks near tie 
border ol Finland; at Minsk in the Urals; at Plauenscbe Grand near Dresden; in 
the Laacber See near Cobientz, and near Sabi in the Thiiringerwald ; at Criffel in 
Scotland ; in Canada; and in Colorado, Virginia, and Carolina in the United States. 
Numerous analyses of the varieties of allanite or orthite have been reported—e.g. 
by G. vom Rath, F. Stiflt, H. Credner, F. Zscbau, T. Kerndt, T. Scheerer, N. Engstrom 
and P. T. Cleve, K. A. von Zittel, D. Forbes, C. W. Blomstrand, N. J. Berlin and 
J. F. Bahr, F. W, Clarke, W. Hisinger, J. J. Berzelius, B. Szilard, M. Schubin, 

C. F. Rammclsberg, A. Stromeyer, J. Torrey, D. M. Balch, C. Bergemann, 

D. I. Mendeldefi, P. Keyset, J. W. Mallet, J. A. Cabell, F. P. Dunnington, 
Q. A. Kbnig, F. A. Genth, C. Memminger, L. G. Eakitis, W. C. Brogger and co- 
workers, E. P. Valentine, A. Strecker, T. L. Walker and A. L. Parsons, T. S. Hunt, 
etc. The composition varies very much because the bases can be replaced 
vicariously. A selection of analyses is shown in Table III. The first three analyses 
are by N. EngstrSm and P. T. Clove; the fourth and fifth ate by N. Engstrbm; and 
the last is by F. P. Dunnington. 


Tablk III. —Akalyses or Aix.inite or Orthite. 



HltterG. 

Noskllen. 

Ytterby. 

MlOik. 

Oreeoland. 

Amelia Co. 

SiOj . 

31-63 

32-01 

3207 

30-81 

33-29 

.32-35 

AljOj . 

1321 

17-54 

16-62 

16-26 

19-36 

16-42 

Fe.O, . 

8-39 

5-20 

2-53 

6-29 

3-31 

4-49 


8-67 

0-21 

5-90 

10-13 

9-20 

11-14 

Dilo’ . . 

5-60 

10-78 

7-57 

3-43 

6-97 

6-91 

: 

6‘4« 

0-24 

6-10 

6-35 

1-04 

3-47 

0-87 

1-38 

2-74 

1-24 

— 


: ; 

0*62 

1-53 

2-00 


. - 

— 

7*80 

9-92 

11-89 

8 14 

10-07 

10-48 

MnO . 

1-60 

0-47 

2-34 

2-25 


1-12 

CaO . 

10-48 

12-03 

C-76 

10-43 

11 04 

11-47 

MgO . 

0-08 

— 

0-45 

0-13 

0-40 


K,0 . 

0-28 

0-15 

0-29 

0-53 

1-27 

0-46 

Na.O . 

H.O . 

— 

— 


— 

0-37 

— 

3-40 

1-79 

3-23 

2-79 

1-64 

2-31 

ThOj . 

0-87 

M4 

trace 


1-17 

_ 

' - 


Allanite or orthite appears to belong to the epidote family of silicates. This 
has been emphasized by A. Michel-IAvy, G. Rose, R. Hermann, N. von Kokscharoff, 
etc.; and P.Geijet’s analysis gives 4-29RO: Z'filRjOs; 6'93Si02: H 2 O. Themineral 
has accordingly been called cerium-epidute. V. M. Goldschmidt found what he called 
apidote-orthites, which ho regarded as isomorphous mixtures of orthite with iron 
epidote; and most of the orthites may bo regarded as solid soln. The general 
formula for epidote is H 20 . 4 R 0 . 3 R 203 . 6 Si 02 , where R is tervalent and R" bivalent, 
and may be represented by vicarious metals. With allanite, R" is (Fe", Ca), and R is 
(Al, Fe"', Ce), where Co stands for elements of the cerium and yttrium families. 
N. Engstrbm said that some orthites agree in composition with the epidotes 
H 2 B" 4 RgSt 02 e, but some others agree with H 4 B" 4 E(^i( 027 ; and, in the latter case, 
it is not clear whether the extra molecule of water is of secondary importance, or 
whether it represents a special class of orthites. P. Groth r^arded allanite as a 
basic salt, ^(0H)B"2Sis0i2, of the acid Hi 2 SijOi 2 . The idealized mineral with the 
epidote formula is (Ca, FcjjUlOHKAl, Ce, Fe) 2 (Si 04 )s, and it may be a solid soln. 
of isomorphous epidote, ferric-epidote, and oerium-epidote, Ca 2 (A 10 H)Cc 2 (Si 04 )s, 
or ooZeittm dicerium ahminokydroxydriortkosUicede — ride epidote. 
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The rare earths in allanite range from 3'6 to 5-1 per cent., and the components 
indicated in Table III no doubt give the impression of having been morn accurately 
determined than the methods of analysis allow. Yttria ranges up to 4-7 per cent., 
and thoria up to 3'5 per cent. B. J. Meyer found scandia up to 1 per cent. Traces 
of uranium are often present. W. Eamsay, J. N. Collie, and M. W. Travers found 
no helium, but B. J. Strutt found some radium to be present in some samples, and 
therefore the presence of occluded helium is highly probable. T. Kcrndt reported 
5-52 per cent, of beryllia in a specimen from Mauersberg ; J. W. Mallet, 0-52 per 
cent, in a specimen from Norfolk, Virginia ; J. A. Cabell, 0 24 per cent, in a specimen 
from Amherst; L. G. Eakins, O'27 per cent, iu a specimen from Douglas Co., Colorado; 
and J. Fromme also reported small quantities of beryllia in some specimens of 
allanite. K. Hermann reported the presence of some titanite. Carbon dioxide is 
found in some samples, and the amount of water ranges from zero up to 17 per cent. 

Allanite or orthite occurs as an accessory constituent in granite, syenite, diorite, 
gneiss, limestone, etc. It appears either in compact masses, or as crystals. The 
colour may bo reddish-brown, greyish-green, or even black. The crystals are 
sometimes broad and tabular, at other times long and slender. A. des Cloizeaux 
and A. Damoiir found some well-formed crystals without double refraction. 
W. Haidinger, G. Bose, A. Sjogren, L. H. Borgstrom, A. Michel-Levy and A, Gacroix, 
N. von Kokscharotl, A. E. Norden.skj6ld, K. Hermann, .1. Auerbach, etc., liavo 
studied the crystals. According to G. vom Rath, the crystals belong to the mono- 
clinic system, and have the axial ratios a:b : c—1-5,5070 : 1: 1'76838, and ^=64° 59'. 
The hardness and sp. gr. vary with the amount of water in the mineral, and with 
other conditions. The sp. gr. ranges from 2 53 to 4'32 —th(! average is about 3'6. 
G. vom Rath found u sample with a sp. gr. 3-983 ; T. Kcrndt, 4 263 ; C. Kersten, 
3'523; T. Scheerer, 3-546 ; N. J. Berlin and J. F. Bahr, 2 78 ; R. Hermann, 3'48- 
3-66; T, S. Hunt, 3-84 ; C. Bergernann, 3 4917 ; F. A. Oenth, 3 782 ; L. G.Kakins, 
3'52 ; J. W. Mallet, 4 .32, etc. The hardness is between 5 and 6. A. L. Fletcher 
found that the mineral melted between 1220“ and 1265“. Most varieties gelatinize 
when treated with hydrochloric acid; but if previously ignited, they are not 
decomposed by the acid. 

A complex sdicate of the rare earths metals, calcium, iron, etc., with a high 
proportion of zirconia was found by T, Scheerer at Kangerdluarsuk, Greenland, and 
on the islands of the Langesund Fiord, Norway. C. U. Shepard,* and F. A. Genth 
have reported it in Arkansas. F. Stromeyer named it from ee, easily, and SwAeu, to 
dissolve, in reference to its easy solubility in acids ; eodialyte is a corrupted form 
of this term; T. Scheerer called a Norwegian variety eucolite—from ivmXm, not 
difficult to satisfy—in allusion to the alleged replacement of iron oxide for zirconia 
in wohlerite. Analyses have been made by G. H. Pfaff, F. Stromeyer, 0. F. Rammcls- 
berg, A. Damour, T. Scheerer, L. Gruner, 0. B. Boggild, F. A. Genth, J. Lorenzen, 
etc. P. T. C'leve’s analysis of a sample from Barkevik is; 

Na,0 K,0 C«0 MnO FoO y,0, (Ce, Dl, Ls),0, 810, ZrO, Clb,0, 

11-17 0-11 12-11 3-60 3-90 0'32 4-80 45-16 12-61 3-62 

and 0'55 per cent, of chlorine, and 211 per cent, of water. The constitu¬ 
tion has been discussed by G. W. Blomstrand, P. Groth, F. W. Clarke, 
C. F. Bammelsbcrg, L. Colomba, etc. J. D. Dana gives the empirical formula 
NajsfCa, Fe)jCI(Si, Zr)2o062; while W. C. Brogger considers it to be a metasilicate, 
(Na, K, H) 4 l^Zr(Si 03 ) 7 , where B may represent Ca, Fc, Mn, and CeOH ; and ZrOCl 
may act as an acidic radicle in place of silica—vide zirconium silicates. G. Hevesy 
and V. T. Jantzen found 0'7 per cent, of hafnia in Greenland eudialyte, and 
0'7 per cent, in Norwegian eucolite. J. Thomsen found that eudialyte contained 
0-4 c.c. of occluded gas—COj, 10; Hg, 76; CO, 3; N 2 , 7—per kgrm. of mineral 
The fact that such a complex silicate may occur in well-defined crystals shown 
what intricate problems in inorganic chemistry ere awaiting solution. The 
crimson, purple, or brown trigonal crystals were studied by W. H. Miller, and 
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V. von Lang; the axial ratio is a : c=l: 2-1116. Observations by F. Stromeyer, 
A. Damour, J, Lorenzen, C. F. Rammelsberg, A. L^vy, J. F! Williams, 
T. Scheerer, and P. T. Cleve show that the reddish-brown crystals have a 
sp. gr. ranging from 2‘624 to 3*104. The hardness is 6 to 6. Eudialyte is 
optically positive, eucolite negative. W. Ramsay found the zones of positive and 
negative birefringence as well as isotopic zones can occur on the same minerals, and 
he suggested that the mineral is really composed of two isomorphous compounds. 
The optical behaviour of the eudialyte is sometimes anomalous, possibly an effect 
of repeated twinning, and the lamellar intergrowth of two varieties with slightly 
different optical properties. E. Jannettaz measured the thermal conductivity. 
J. Schilling has given a bibliography of eudialyte. 

The eucolitic titaniie of W. C. Brdgger • from Langesund Fiord, Norway, contains 2*57 per 
cent, of ceria, 0*59 per cent, of yttria, and 0*18 per cent, of thoria earths. The sp. gr. is 
8*69. C. W. Blomstrand’s alsbe^te, from Alsheda, Smaiand, is a variety of titanite wit}i 
2*67-2*78 per cent, of yttria earths, the sp. gr. is 3'3tt. For oli’tte, andet^ergUe^ caUipleiiU, 
and cyrtolite, see zirconium silicate. W. C. Brdgger and co-workeis, and C. B. Benedicks 
d^ribed a monoclinic mineral thalenlte from a quartz quarry in Oesterby; and T. Vo^, 
from the pegmatite at Hundholmen. The crystals are reddish-violet. The former had axial 
ratios a : 6 : c = l'1641:1: 0*602, and j8«80® 12', the latter 0*9190; 1: 0*6480, and 
j8»82* 64p; hardness 6 to 6*6; sp. gr. 3*945 to 4*454; indices of refraction 1*7312, 
^=1*7376, y= 1*7436 for sodium light. Analyses correspond with HjYjShOjj, or, according 
to W. C. Brdgger end co-workers, yttrium orthodlsllleita, YjSijO,. K. Mauzelius and 
H. Sjdgren’s analysis is: 

N8,0 M«0 CaO FejOj 810, 8 nO, ThO, YjOj (ha, Dl),0, Ce,0, 

0*08 0*05 0*11 0*45 28*88 0*22 0*18 01*84 4*15 0*83 

with loss on ignition 3*33, which includes 1*73 per cent, of water. W. E. Hidden and 
J. B. Mackintosh found an orange-yellow to orange-green mineral yttrlallte, or green 
gadolinitc, in the granite of Llano Co., Texas. W. F. Hillebrand’s analysis is: ^ 

MgO CaO MnO FeO PbO Fr,0, 810, TIO, Cl P,0, 

0*10 0*67 0*88 1*96 0*80 0*76 29*03 0*05 0*11 0*12 

with water over 105®, 0*32, and water below 105®, 0 04; undetermined nitrogen, helium, 
fluorine, and alkalies about 0*31; and 

YjO, La,0., Ce,0, ThO, CO, 

43*45 5*18 3*07 10*86 1*64 


The formula approximates to (Fe, Mn)(Y, I.,a),ThSi«0,^, orsimplifled, BThSi, 07 . 4 Y, 81 , 07 . 
The mineral is regarded as a kind of weathers gadolimte. The sp. gr. is 4*575; the hard¬ 
ness 5 to 5*5. It is readily soluble in hydrochloric acid ; but not if it has been calcined. 
F. W. Clarke has also studied the mineral. A kind of dark reddish-brown garnet, yttrlO- 
garnat) occurs at Stockd, Norway, and Schreiberhau, Germany, with yttria earths 1*0 to 
6*7 per cent., and zirconia, 0 to 3 per cent. It has been investigated by L. Gruner, C. Berge- 
mann, M. Websky, W. C. Brdgger, A. T. C. Soltmann, and M. Piners. L. A. Aars’, and 
W. C. Brdgger's analysis of brownish-red heUandlte from Lindvikskollan near Kragerd, 
Norway, is: 

Na, 0 X,0 MgO CsO A],0, Mn,a, Fe,0, 810, H,0 

0*23 0*06 0*10 9*81 10*12 6*9! 2*66 23*66 11*76 


earth metals, The mineral may thus be regarded 
as a basic salt of the ortbosilicate HitSiiO},. Hie monoolinic prisms have the axial ratios 
aibt e»2‘0646 : 1 : 2*507, and /SslOO* 45^; the sp. gr. is 3*41 to 3*70; the hardness, 5*5. 
The mineral readOy fuses. It dissolves readily in hydroohlorio acid with the evolution of 
chlorine; it does not dissolve as easily in nitric or si^phuric acid. B. Szilard also studied 
the mineml. 

F. Zambonini ^ found a complex titanate of the rare earths in the pegmatite ol 
Oraveggia, Italy, and named it delonniite. The analysis is; 

F«0 TA TIO, SaO, UO, 

4*25 14*63 66*03 4*33 9*87 


,0,. 1*01; and ThO,, 0*62. A possible formula is 
4Si0,.3H«0, where R''stands for Ca, Mg, orlTh; and 


with Y,0,. 19*29; Er.O,, 15*43; Ce 
Oa,(R"feH) .(SiO,), or 2R"0.3R"'0,. 
R'" for tervalent Al, Fo, Mn, or the r 
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The jrttria earth is almost free from ccria. There are traces of colmnl)ic oxide., 
The formula is 2Fe0.U02.2Y203,24Ti02, with a little tin replacing titanium. The 
mineral is strongly radioactive. The rhombic crystals have the a.xial ratios a: h: c 
jO' 3375 :1: (t'3112. The ap. gr. is 4'7, and the hardness .5'5-ti (l. Its closest 
chemical relation is yttrocrasite, but in appearance and angles it resembles polycrase. 
W. E. Hidden and ('. H. Warren analyzed a black mineral from Burnet t'o., Texas, 
which was called yttrocrasite. It contains 2.57 i>cr cent, of yttria earths ; 2'!> ])er 
cent, of eeria earths ; 8 7 per cent, of thoria ; and 4!t 7 per cent, titanic oxide. The 
formnla ajjproximates (Ca, Pb)0.(Th, r)().3..‘lK.,{)3.1fiTi()j.l)>l2(). The prismatic 
crystals are rhombic, the axial ratios are unknown. The sp. gr. is 4'8l), and the 
hardness 5'5 li O. It was also studied by B. Szilard. 

1*. J. Holmquixt a brown mineral in ptieudo-fubic crysUdH from A!nd, SwtMlen, 

whioh he narntMl knoplU. It is roganled jw a variety of jxirowakito ■ridr titanium. It 
contains 2(i'84*33'32 per cent, of ealciuni oxide; 323 to 5’ir) per 4*('nt. ferrous oxi<h*; 
0’06 per cent, of yttria eurtlw ; 4 42 to tt'81 per cent, of ceria enrtlw ; and 54'12 to .'»8*74 
per cent, of titanic oxide. C. F. Ilammelubcrg, and J‘. (Sroth have (UvicrilR'd the furiniila. 
The sp. gr. 18 4-11 to 4 29: and the hartlneiw, ryUt U. The black inimwal in in rounded cryntal 
gruiiiH belonging to the cubic system found at OT’ary. South Australia, waa named 
It was desoribeil by 1). Muwson, and K. K. H. Jtenna' ami \V. Cook, and ap|)oarH to be 
a titnnato of iron, uranium, vanadium, chromium, and the rare earths. It c'ontains over 
50 [MW cent, of titanic oxide, and 5 to lO [hw cent, of the raic cartlis. 'Pho sp. gr. is about 1. 

A brown mineral from Arcndal, Bitd, Arkord, Alv(‘, Narrest*) in Norway was named 
yttrotitanita l)y T. Seheerer/ and kctihauiie liy A. Krdmann. It i« a titanosilicate 
of calcium, aluminium, iron, and yttria eartlu^; it i.n monoclinic, and iaomorphoufl 
with titanito, and it is considered to be a mixture of titanite ('a().Ti 0 . 2 .Hi 02 , with 
the silicate (Y, Al, FejoSiO^. The sp. gr. is to 3‘77 ; and its hardness, 0*5. 
The double refraction is positive and feeble. Analyses Wf*re made by A. Krdmann, 
D. Forb«*a, F. Rammelsberg, and T. Schecrer. The con.stitution has been dis* 
cussed by H. Itose, J. J. Berzelius, W. IBomstrand, F. Zambonini, P. tlroth, and 
0. Hau.ser —vide titanosilicates. 

In 1841, A. Knlmaim described a brown mineral which lie found in the syenite near 
Brevig, Norway, and named mosandrite, aft^w C. (h Mosandcr. Jt was analyzed by 
VV^ 0. Brogger, uad B. Szilard. In 1890, W. (’. Hrogger descrilKsl a brown mineral, from 
the islands of Langesund Fiortl, Norway, which ho 4'Qllo<i johnstrupito, after F. Juhnstnip. 
N. J. Berlin analyzed inosandntc. 'Pho composition and general [irojiortiefl are so much 
alike that W. (J. Brogger regards them as Ix'longing to llm same mineral s|Mjcies. Both 
are titanosilicates of the rare earth metals, aluminiuni, calcium, magnesium, sodium, oto. 
Thera is about I3'5 [)er cent, of cena earths; 11 of yttna earths; 7 to 8 [)or cent, of 
titanic oxide; and 3 8 per 4‘ont. of thoria and zirconia. 'Plie crystals are monoclinic with 
axial ratios a : 6 : c—-1'0229 : I : 1-3911, and fi 93® 4' 15" very close to those of •midote. 
The 8p. gr. of johnstrupite is ju»t over 3, that of mosaiulrite just below 3. 'I’be hanlness is 
4-'6. J. Lorenzon investigate*! a yellow litanosilii ate from the syoniU's of Kungerdluarsuk, 
Greenland, and found: 

NSgO CaO FeO y,0, (Cc,U.I)l),0, 810, TiO, K 

8-93 23-2« 0-44 092 21-25 2908 13-30 5 82 

The formula has been discussed by W. C. Brogger, and P. Groth- vtdr titanosilicates. The 
mineral closely resembles johnstrupite. Tlie inoiioclmic crystals have the axial ratios 
a : 6 : c=s0-7844 : I : 1*4010, and ^ — 91® 12'46". Their sp. gr. is 3'4U,and hardness 5. It is 

f deochroic. J, Lorenzen found a mineral which ho called ri^iUt in the syenite of Kangerd- 
uarsuk, Greenland. Analyses were made by J. Lorenzen, and W. C. Brdgger gave the 
fomula (F,Ti,)Na,Ca|.Cej(SiO,),,; and P. Groth, Na,Ca 4 C^,(Si, Ti),0.,K, -c/dg titano- 
silicates. The flattenM crystals are yellowish-brown or straw-yellow. They belong to the 
monoclinic system with the axial ratios a:b: C"l-6088 ; 1 : 0-2922, and ^ -88® 47F. The 
(100) cleavage is distinct; the sp. gr. is 3*46; and the hardness 6. llie pleorhroic crystals 
are optically positive. The mineral is easily decomposed by dil. acids with the separation 
of silica anci some titania. A complex silicate called iteeostniplns was obt^ned by 
J. Lorenzen from Steenstrup, Greenland ; it contains 14*40 to 36-18 percent, of ceria earths ; 
0*36 to 16-90 per cent, of yttria earths; and 2*13 to 7*09 per wnt. of thoria. The mineral 
has been studied by W. C. Brdgger, J. Lorenzen, 0. B. Bdggild, and J. C. Moberg. The 
brown crystals belong to the rhombohodral system. The sp. gr. is 3-19 to 3*61, and the 
VOL. V. 2 L 
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hardness 4. Tlie orange-grey mineral rOMObudUtd was obtained by W. C. Brdgger from 
the islands of I^angesund Fiord, Norway. P. T. Cleve’s analysis gives: 

N8,0 CaO MnO Fe,0, Ce,0, SJO, TIO, ZrO| F 

9'93 24-87 1*39 100 0*33 31-36 6'86 20-10 683 

The crystals are inonoclinic with axial ratios o : 6 : c=l-1687 : 1 : 0-9776 and j 8 = 101® 47'; 
the sp. gr. is 3-30-3-31; and the hardness 5-6— vide titanosilicates. The mmeral tseheff- 
klnlte was obtained by (1. Hose from the Ilmen mountains in the Urals, and it has also been 
found on the coast of Coromandel, in Madagascar, in Virginia, etc. It has been analyzed 
by H. Rose, R. Hermann, A. Damour, F. S. Beudant, F. W. Clarke, W. R. Uunstan, 
B. Szilard, F. Pisani, L. G. Eakins, and R. C. Price. It is a titanosilicato of the rare earth 
elements, thorium, iron, calcium, etc., and contains 23-47 per cent, of ceria earths ; up to 
3-4 per cent, of yttria earths; 0 to 20 per cent, of thoria and zirconia ; and 16-21 per cent, 
of titanic oxide. R. C. Price’s analysis corresponds with (Ca, Fe)j(Di, Ce, La, Fe)^i,Ti) 50 j 5 . 
Th^constitution has been discussed by C, F. Rammelsberg, A. dw Cloizeaux,^. C. Price, 
J. D. Dona, and R. Hormann-Dide iitanosilicates. The mineral is velvety-black and 
amorphous. Its sp. gr. is 4-26'4'65; and its hardness 5 0-6-6. Under the microscope, the 
mineral is not homogeneous. The mineral is attacked by hydrochloric or nitric acid with 
the separation of gelatinous silica. 

0. P. Tschemik • descril)ed a kind of tita.nium zirconosilicate which he obtainoil from 
Batum, and called tltanoodrlte. Tho sp. gr. was 6-08 and the hardness 6 to 0. The 
composition was; 

CaO FeO CiiO 810, TIO, ZrO, P,0, 80, H,0 

2-33 3-70 0-67 G-67 14-73 11-67 330 0-97 343 

together with 

Y,0, La,0, D1,0, Cc,0, Br,0, ThO, UO, 

6-97 G-73 2-27 34-20 0-67 0-73 trace 

The brown, transparent zirconosilicate of calcium and the rare earth metals occurring 
hear the Sea of Azoff, Russia, called beokellte, has, according to J. Morozewicz, the com¬ 
position : 

Na,0 K,0 CaO Mn,0, 810, Al,0, ZiO, Loss on Ignition 

0-78 0-39 15-4G 007 17 13 030 250 099 

with traces of magnesia and ferric oxide; 2-80, (Y, Er), 03 ; 13-60, La^O,; 18-0, DijO,; 
28-10, CoiOj. The formula may be Ca 3 (Y, Co, La, 01 ) 4 ( 8 !, Zr) 30 j 5 . ^e crystals are 
octahedral belonging to the cubic system ; the sp. gr. is 4*16 ; and the Imrdness, 5. It is 
soluble iu hot hydrochloric acid, even after ignition. 

W. C. BrGgger’s analyses * of tho three borosilicates, meUuiOCSrite, caryooerite, 
oappelenits, and N. Engstrum’s analysis of trltomlte, are shown in Table IV. These 
minerals were also studied by B. Szilard. The fonnula of cappelenite approximates 
(Y, La, Di)BOj](Ba, Ca, Na,, K 2 }Si 03 . Melanocerite dissolves in hydWhloric acid with the 
separation of silica; capiK’ilenite is likewise decomposed by that acid ; and tritomite dissolves 
with tho separoiioii of gelatinous silica and the evolution of chlorine. T. Liebisch noted 
tho thertnoluminesconce of tritomite. K. S. Lareen studied the optical properti^ ot caryo- 
cerite, tritomite, and homilite. S. R. Paijkull analyzed a borosilicate of the rare earth 
metals, calcium, and iron which occurs near Brevig, Norway. It is accompanied by 
erdmannite and rnelophanite, and is named homllito —to occur together—vide 
borosilicates. Tito mineral was also studied by A. des Cloizeatix and A. Damour. It 
contains up to 2-6 per cent, of ceria earths, and the formula approximates 
(Ca, Fc) 3 (Bu,(Si 04 ) 2 . The crystals are inonoclinic and isomorphous with go^Jolinite. The 
sp. gr. is 3-34-3-38 ; its hardness is 4-6 to 6-0; and it is pleochroic. W. C. Brog^r fouud 
tne borosilicate cappelenite in the islands of Longesund Fiord, Norway, in 1886. It contains 
4-20 per cent, of ceria earths, 62*56 per cent, of yttria earths, and 0*79 per cent, of thoria, 
as well ns silica, boric oude, etc. liie greenish-brown mmeral approximates BaSi 03 .YB 03 
in composition. According to B. Szilard, the prismatic crystals are hexagonal. The sp. gr. 
is 4*407 : luid the hardness 6-0- 6 - 6 . H. Sjogren, and A. E. Nordenskjdld analyzed the 
yellowish-bi-own mineral oUfiCillte or eenosife from Hitterde, and found 

N«,0 MgO CftO FeO y,0, (Ce, U, D0,O, 810, CO, H,0 

3*6 1*4 16-5 2-9 36*9 trace 317 61 2-9 

coiTMponding with the oarbonatMilicate, C)a,Y|(Si, 0),Oi,.2H,0; or, according to 
G. F. Rammelsberg, CaC 0 |.CaY,Si 40 {,. 2 H^. * W. G. Brdgger and oo-workers made 
observations on the mineral. According to n. SJdgren, the rhombic crystals have the axial 
ratios a: b : c=0*9617 : 1 i 0*8832. The sp. gr. is 3-38-3*413, and the hardness 6 to 6 . It 
is easily decomposed by hydrochloric acid, and carbon dioxide is evolved. There are some 
decom]x>sition products of thorite and orangit»—vtde thorium—which contain rare earths. 
Thorite has up to about 6 per cent, of rare earths. The ealeiotlMtflto of W. 0, Brdgger 



THE RARE BARTHS 


515 


TiBXJS IV — CoMfosmoN of Soira Rarr Earth BoaosnacsATRa. 



Heluiooflrite. 

Caryooerite. 

Cappelenite. 

K,0 . . . 



0*22 

Na,0 

MgO . . . 

1 45 

1 42 

0*53 

014 

0*17 


CaO . . . 

8*82 

7*37 

0*67 

B«0 


... 

8-29 

B,0, 

AliOj 

3*19 

4*70 

16*98 

0*83 

0*87 


Hn.O, . 

1*22 

0*88 


Fe,0, . 

yA . 

2 09 

1*38 


9*17 

2*21 

52-82 

La,0. . 

12-94 

14*34 

2*97 

Di,0, . 

7*67 

0*75 

-- 

Ce.O. 

20*78 

14*83 

1-29 

Cf», ■ . . . 

1*76 

0*35 


SiO, 

13*07 

12*97 

14-86 

ZK), 

0*48 

0*47 


CeO, 

3*88 

5*89 


TliO, . 

1*88 

13*64 

0-80 

P,0, 

1*29 

0*86 


tJO, . 


trace 

- - 

Ta,0, . 

3*86 

3*11 


H,f) . . . 

3*01 

4-77 

0-61 

F ... 

.'>•78 

5-63 


Trigonal axial ratio . 

1 : 1-2.6537 

I : 1*2903 

I : 1*1845 

Sp. gr. . 

4*113-4*148 

4*288 -4-305 


Hardnoas 

5 to 8 

5 to 6 

.... 


Trltomito. 


0-71 


6-97 

8 37 
088 
0-34 
1'65 
2fi8 
21'58 
4-76 
814 

13*69 
1*03 
11*20 
8 68 


lit 

(i*48 

3*16 

I : 1*114 
4*15-4*26 
6 to 6 


approximates 69*3 |)er cent, of thoria ; 0*23 p<*r cent. (»f yttria earths ; and 0*39 per cont. 
of cerio earths —5Th8iO4.2Cu2SiO4.10HjO. It is a red amorphous mass of sp. gr. 4*114, 
and hardness 4*5, found on the islands of I^ingcsund Fiord, Norway. The amorphous 
silicato of the rare earth metals, thoriiun, aluminium, iron, manganese and sodium, found 
near Brevig, Nomay, and called frsysllta, has .31*1 per cent, eeria earths; 28*4 per cent, 
thoria; and 6*3 percent, zirconia. Its sp. gr. is 4'00-4*17, anti ita hardness 0. It was 
studied by W. C. Brogger, and A. Dainour. W. K. Hidden and J. B. Mackintosh found 
ftimUte. approximating Th0..iP|0|.8i()t.2Hj|0, as a yellow or brownish-iwl tetragonal 
mineral in North Carolina. Its sp. gr. is 4*422 to 4*7((6 ; B. Szilard found 8 to 10 mols of 
water. The brownish-black mineral sueraiita from Brevig, Norway, is likewise an altered 
thorite; it was studied by W. 0. Brdgger, and 8. H. Paijkull. It contains 14 per cent, 
ceria earths; 6*9 percent, yttria earths; 30*0 per cent, of thoria; and 0*0 per cent, of zirconia; 
in addition, the oxides of calcium, iron, rnanganoso, sodium, and titanium; and water. 
W. C. Brdgger's sample was isotropic and amorphous, 8. H. PaijUuH's sample was in rhombto 
crystals. The sp. gr. is 4*39, and the hardness 4*5-6 0. The black opaque minoral mMUa- 
toshlte is found at BlufTton, Llano Co., Texas. It was studied by W. E. Hidden, B. Szilard, 
F. W. Clarke, and W. F. Hiliebrand. It is a complex mixture of silica and oxides of the 
rare earth metals, thorium, uranium, iron, calcium, magnesium, lead, sodium, boron, 


tantalum, etc. The thoria amounts to 45*3 per cent., the uranium oxide, U()|, 22*4 per 
cent.; the rare earths, 1*9 per cent.; and the zirconia, 1*0 per cent. 1310 tetragonal 
crystals resemble those of thorite. The sp. gr. is 6*42, and the hardness 6*6. W. E. Hidden 
and J. B. Mackintosh obtained a silicate of thorium, uranium, etc., with 6*7 (>er cent, of 
rare earths. The approximate formula is U0t.3Th0..38i0»6Ht0. The mineral was 
called Okorogninillltt, and it is regarded as an alter^ mac^toshite. The crystals resemble 


zircon, but it usually occurs massive. The sp. gr. is 4*43 to 4*64, and the hardness 4'0-4’6. 
The yellowish-brown tetragonal mineral yur^^UnnUt# was found by W. E. Hidden and 
co-workers in Llano Co., Texas. It contains 6*7 per cent, of rare earths, and 41*4 per cent, 
of thoria. The formula approximates U0|.2Th0|.38i0|.3H|0. Its sp. gr. is 4*43-4*64, 
and its hardness 4‘0-4*6. The bright yellow amo^hous mineral pOterite from PilbMS, 
Weet Australia, was found by E. S. Sunpeon to contain traces of ceria and yttria earths. It 
has 31 per cent, of thoria, and approximates Pb0.U0|.Th0|.2Si0|.2H|0. It« sp, gr. Is 
4*4-4*7, and the hardness 2 6-4*0. 


A. G. Ekeberg n found block and yellow' tantaktes of yttrium, iron, and 
oakium with some uranium in the red felspar at Ytterby, Sweden, and be called them 
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ylirotantalite. The mineral was found also at Einbo and Broddbo near Fahlun; 
R. J. Hatty called it tantdk oxidi yllrifire; and R. Hermann, yttroUmenite. A 
similar mineral was described by B. Szilard. A tantalo-columbate of the rare 
earth metals, iron, calcium, and uranium, was discovered in the Urals and analyzed 
by 6. Rose in 1839, and called uranotantalite, he also called it uranoniobite. 
H. Rose in 1847 renamed it samarskite after a Russian engineer who obtained him 
the specimen for analysis. The mineral is also called eytlandile. Samarskite and 
yttrotantalite are now considered to be the same mineral species. The prismatic 
crystals of the opaque, velvety-black or yellowish-brown mineral belong to the 
rhombic system. E. S. Dana gave for the axial ratios of samarskite a:b:c 
=0'6466 :1 : 0'6178 ; and W. C. Brogger, for yttrotantalite 0'5566 : 1 ; 0'5173. 
Samarskite and yttrotantalite arc isomorphous. K. von Chrustchoff’s analysis of 
a specimen of samarskite from Miask, Urals, gave: 


Nb,0 

K,0 

MsO 

CaO 

MnO 

FoO 

ZnO Pl)0 FegOj AlgOa 

SnO, 

ZrO, 

WO, 

0-28 

0*21 

0-41 

0-51 

o-co 

1M5 

0 17 0 15 2-13 0-19 

0*79 

1-03 

1-73 

S10| 

TIO, 

0b|Og 

T<40b 

HjO 

ThO, 

UO, Y ,03 Kr,0, 

CcgO, 

La^Og 

DI ,03 

012 

0*68 

32-02 

IM8 

1-32 

1*73 

11-23 7-83 13-37 

0*25 

0-37 

1-50 


Analyses of samarskite have been made by 0. D. Allen, J. L. Smith, B. Szilard, 
.M. Delafontainc, R. Hermann, H. Rose, R. J. Strutt, 0. H. Williams, T. S. Hunt, 
C. F. Rammelsberg, G. C. Hoffmann, Y. Shibata and K. Kimura, W. F. Hillebrand, 
W. C. Brdgger and co-workers, G. P. Tschernik, and A. Lacroix ; and analyses of 
yttrotantalite by C. P. Rammelsberg, W. G. Brogger, and G. P. Tschernik. Yttro¬ 
tantalite usually contains rather more tantalum than samarskite. C. F. Ramraels- 
berg gave the formula (Fc", Ca, U0.2)3R2(Cb,Ta)e02, where R represents the 
elements of the rare earths; P. Groth regards samarskite as a pyrocolunibate or 
pyrotatUalate, R 4 [(Cb,Ta) 207 ] 3 , where iron, calcium, and uranium are regarded as 
accessory constituents. A. dcs Cloizeaux considers the formula indefinite. 
Germanium was reported in samarskite by K. von Chrustchoff; and the rare 
earth samaria is also found therein. The sp. gr. is 6'6-5'8, and the hardness 5 to 6. 
A. L. Fletcher gave 1330° for the m.p. of samarskite. 

The nohlite of A. E. Noislonskjold is a brownish-black massive variety of samarskite, 
containing about 4-(i per cent, of water, and found near Nobl, .Sweden. Its sp. gr. is 5*04, and 
hardness 4’5 to 5'0. Tlio loranscite from Imbilax, Finland, analyzed by P. Nikola4eiI; the 
pluniboniobite from Morogoro, West Africa, analyzed by O. Hauser; the rogersite of 

J. L. Smith from North Carolina; the annerodite of W. C. Brbgger from AnnerCd, Norway ; 
the rhombic crystals of hjelmite or hielmiU of sp. gr. 6-82, from Kararfvet, Sweden, and 
analyzed by C. F. Bammelsberg and M. Weibull; and the ampangabeiif of A. Lacroix fiom 
Ampangab4, Madagascar, are all closely related to samarskite, or to weathered products of 
that mineral. The dark brown or black crystals of plumboniobite are isotropic; the 
formula is (Fe, Ph, Co, lI0,)jCb,0,E,(Cb,0,)3, where R denotes aluminium, the yttria 
eartli elements. The yttria cortns are rich in gadolina and samaria, the ceria earths are 
almost absent. The sp. gr. is 4'80 4'81, and the hardness 6 0 to 8 r>. Unlike samaiskite, 
it does not glow when heated. O. Hauser foimd the mineral to be radioactive and to give 
much occluded gas, iuoluding helium, when heated with sulphuric acid. Y. Shibata and 

K. Kimura found a mineral at Ishikawo, Japan, which they called ithikaivaite. It occurs 
in black crystals carrying 8 40 per cent, rare earths; 21'88 per cent. UO,; 30 per cent. 
CbiOj; 16 per cent. TagOj; etc. The axial ratios of the rhombio crystals are a : 6 : c 
=»0’945I : 1 : 1*147, the sp. gr. 6*2“fl*4, hardness 6-0. 

H. L. Giesecko I3 found a mineral in the quartz near Cape Farewell, Greenland, 
in 1806, and later, W. Haidinger named it leigiuoilite; the same mineral was 
found at Ytterby, Sweden. D. Forbes and T. Dahll found a similar mineral at 
Hampemyr and Helle near Arendal, Norway, and called it tyrite ; and D. Forbes 
found a similar mineral at Helle, Naresto, Aloe, and Askero, Norway, which they called 
bragiU. J. A. Mich&lson and others have shown that these minerals are probably 
fergusonite. In addition to the occurrences in Norway and Sweden, and Greenland, 
the mineral has been reported at Rockfort, Massachusetts; Burke Co. and 
Amherst Co., North Carolina; Llano Go., Texas; Durayakanda, Kuriwita, and 
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Raldvana, Ceylon; Tetek, Caucasus; between Tamatavc and Beforona. Mada¬ 
gascar; Cooglegong, West Australia. Analyses have been made by B. Szilard, 

V. Hartwall, H. Weber, A. E. Nordeiukjdld, J. J. Berzelius, D. Forbes and 
T. Dahll, J. Potyka, J. A. Michalson, 0. F. Rammelsberg, J. L. Smith, W. H. Seainon, 

W. E. Hidden and J, B. Mackintosh, G. T. Prior, G. Tschermak, W. C. Brcigger, 
0. S. Blake, A. Lacroix, and E. S. Simpson. The following analysis is by 
W. 0. Broggcr of a sample from Bade, Norway : 

BeO MgO CaO MnO FeO SIO, SliO, CbjO, T«,0, H,0 

040 0 05 1-23 0 15 0-78 1'44 01)8 31)-30 0-26 4-00 


aud traces of zirconia, together with 

(Y.Kr),<), c,',(), (U, i)l),n. Till), uo, 

3503 0-72 2 25 2 15 4 08 


The mineral may be regarded as a columbatc aud taiitalate of the rare earth metals 
with uranium, iron, calcium, etc. The idealized formula is Rlt'b.TajO^, when' R 
denotes the metals of the rare earth grou()—chiefly yttria earths. W. C. Briigger 
gives the more complex formida (Th,b')(Si,Sn) 04 . 12 R(C'l),TB) 0 .,. G. Hovesy and 

V. T. .fantzen found no hafiiia in ferguaonite. M. S. Curie, and K. J. Strutt 

studied the radioactivity of the mineral. ^ 

The brownish-blaek pyramidal crystals belong to the tetragonal system with the 
axial ratio o;c-l-4643. The sp.gr. is 584, which is smaller with the more 
hydrated specimens; the hardness is H to 6. A. L. Fletcher gave 1300“ for the 
in.p. of fergusonite. W. Ramsay and M. W. Travers found the mineral contains 
1'3 to l o c.c. of helium per gram ; aud when heated to &00“-600“, it glows suddenly, 
giving off its helium, and decreasing in sp. gr. from 5'l)17 lo 5 375 ; at the same time 
8'92 Cals, per gram are evolved. 

'riio nitfaerfordltd obtained by f. U. Shepard from lht> gold mincH of llutherfonl, North 
(’arolina; (ho koeh«lIte obtairual b> M. Wolwky, and Ih SEilanl from tho Kocholwoiwj, 
Silesia ; niui the adelpholit^ obtained by NordtMiskjold from Finland, were probably all 
jnore or less altertnl fergusonitt's. TIh' tripylito, f4)innl by J. W. Mallet m Amherst Co., 
\'irgiiua, in IH77, and nananl after Sipyhis. one of the nona of Niolx« in (illiision to (Im 
oontainetl niobium (eolninbiiim), is closely relat4‘d to fergusonitt', 'Phe idealized formula 
given by d. W. Malhd is K^()j.(('b. 'I'a^jOj, wJiero the Iwisie cleinontH include. >)csidos 
tho rai-o earths, iron, ealeiuin, ete. .Soino tungstic oxide is also pn'sont. Ji. J. iStnitt 
found tho niineial also eontaiiuHl {M^r cent, of thoria, and some uranium, radium, 
and oeeludeil hehum. 'I'he yeliowisli or grcenish-hrown mitu'ral risorltp, foiiiul in tho 
granite of UiH4)r, Norway, is oonsidortMi by (), Hausiw to ho an orthoeolumbate, 
H{('b/ra) 04 , with adrnixetl iwnnorphons metatitanab*, it differs from 

fergiMunite chiefly in tho higher proportions of titanii; oxido, ina higlior loss on ignition, 
and in tho almost eomplote absence of uranium. The rare earths art' chiefly yttria with 
some erbia, and a little terbia ; ccria, lantlmna. and didyinia arr> hIwj prestmt. 'Pho niiueral 
is radioatdive, and contains much octdiidedlieliuin, ubjch is unusual witli mineriilH containing 
HO little uranium aiul thorium. It was investigated by W. (*. Bnigger and 4-o-workors. 
T)io miiierai is isotropic in iKilarized light, but no good crystals liave Usm obtained. The 
hardnosH is .'>'5 ; and tho sp. gr. 4’179 rises lo 4*078 on ignition. A. L. Fletcher gave 1720*’ 
for tho iD.p. of tho mineral. 

J. J. Berzelius discovered a black mineral at Miask, Urals, which appeared 
to be a columbate and titanate of rare earths, and other bases; he called it 
aesohynitc — oltrxt'yTj, shame — in illusion to the inability of chemists, at the 
time of its discovery, to separate titanium and zirconium oxides. It also 
occurs at Hitterde, Norway; and a variety described by J. J. Berzelius was 
called polymignile. This mineral occurs at Fredriksvarn, Norway, and at Beverley, 
Massachusetts. Polymignite was shown by H. Rose to be probably identical with 
aeschynite. When the ccria earths are replaced by yttria earths, a similar variety 
is obtained resembling polyersse in composition, but W. C. Broggcr named it hUm- 
tlrandine—vide infra. .Analyses of aeschynite were made by V. Hartwall, 

W. C. Broggcr, K. Hermann, J. C. G. de Marignac, R. J. Strutt, L. Schmefck, 
G. P. Orossbach, C. F. Rammelsberg, and G. Tschermak. The results show that 
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it approximstes to 2 R(Cb 0 s) 3 . 2 ThTi 04 .Ti 0 g, where R respresents the rare earth 
metaia partially replaced by iron (ous), and thorium by iron (ous) and calcium. 
R. J. Strutt found it contained uranium, radium, and helium. The rhombic crystals 
were examined by G. Rose, H. J. Brooke, and A. des Cloizeaux. N. von Kokscharoff 
gave a-.h: c=0'48665 :1:0'67366 for the axial ratios. The sp. gr. is 4'93-5‘17, 
and the hardness 6 to 6. A. L. Fletcher found the mineral melted between 1245° 
and 1330°. 

T. Soheerer,'*in 1839,discovered a rare mineral whichhe namedeozemte— evifvot, 
a stranger—in allusion to its scarcity. It was found at Jolster, Norway; and it has 
since been found in various places in Scandinavia, North Carolina, South Australia, 
etc. Analyses have been made by C. F. Rammelsberg, L. Schmelck, H. Lange, 
W. A. A. Prandtl, D. Forbes and T. Dahll, A. Strecker, J. J. Chydenius, J. C. G. de 
Marignac, C. J. Jehn, C. W. Blomstrand, L. A. Aars, B. Szilard, R. J. Strutt, 
0. B. Boggild, W. C. Brogger, E. S. Simpson, 0. Hauser and F. Wirth, G. T. Prior, 
H. Lange, A. Lacroix, K. A. Hofmann, etc. G. Tschermakgave for a sample from 
Caucasus: 

OaO Fb, 0, (V, Kr),Oj Ce,0, La,0, Di,0, 810, TIO, U,0, Cb,0, 

0’44 3-24 11-20 8-63 0-56 0-48 703 33-31 11-11 22-20 

jfith a trace of thoria, and 0 93 per cent, of water. This makes the mineral a titano- 
columbate of uranium and the rare earths, Y 2 Ti 40 ii, 2 (Ca, Fe)Cb 206 .(U 02 )Cb 20 j, or 
Y2Ti40n.R"Cb208. J. J. Chydenius also found thoria in a sample of the mineral, 
but only traces of ceria. G. Hevesy and V. T. Jantzen found no hafnia in euxenite. 
According to B. B. Boltwood, euxenite is usually radioactive, and contains 
helium. G. Krilss reported germanium in euxenite, bnt G. Lincio could find 
none. E. A. Hofmann and W. A. A. Prandtl believed that they had discovered 
a new element in euxenite, and named it euxenium, but 0. Hauser and F. Wirth 
showed that in all probability some mistake had been made. The rhombic crystals, 
according to W. C. Brogger, have the axial ratios a:b: c=0'3789 :1 : 0-3527 ; the 
sp. gr. is 4-6-5-4; the liardncss, 5 0-6-5. A. L. Fletcher found the mineral 
melted at about 1375°. T. Scheerer discovered a related mineral in the granite of 
Hittero, Norway, and near Dresden. He named it polycraso many; 
xpAo-H, mixture. Analyses were made by T. Scheerer, C. F. Rammelsberg, 
W. E. Hidden and J. B. Mackintosh, and C. W. Blomstrand. Polycrase and euxenite 
are isomorphous. According to W. C. Brogger, the ratio of the acidic oxides 
CbjOj : Ti 02 is nearly 1 : 2 in euxenite, but in the analyses of euxenite and polycrase 
this ratio ranges from 1 : 2 to 1 :6, or, according to H. Lange, from 1: 2 to 1 : 6. 
There is a continuous variation in composition betweenthese limits,and the members 
of the isomorphous scries are regarded as solid soln. with the unknown meta- 
oolumbatc and metatitanatc as end-terms of the series. W. C. Brogger suggests 
that the name euxenite bo reserved for the minerals with the ratio Cb 205 : Ti 02 
between 1:2 and 1:3, and polycrase for those with the ratio less than 1:4. 
A. L. Fletcher gave 1420° for the m.p. of polycrase. The isomorphous euxenite- 
polyorase series is dimorphous ; and there is a parallel series of rimilar composition 
with priorlte analogous with euxenite and blonutrandine analogous with polycrase. 
These two types wore discussed by W. C. Brogger and co-workers; they belong to 
the rhombic system and have axial ratios o: 5: c=0-4746:1:0-6673; the sp. gr. 
ranges from 4-82 to 5 00. Analyses have been made by G. T. Prior, 0. Hauser and 
H. Herzfeld, B. Szilard, and W. C. Brogger. A bibliography has been compiled by 
J. Schilling. 

P. Wohler fouttd a oolumbate of oaleium, oerium, eto., in the syenite at Fredriksvam 
and Laurvig, Norway; it also occurs near Brevig, Alnd, and Sundsvall, Sweden; 
Thchoroch, Caucasus; and near Miask, Urals. It was named pyrocldoie—irSp, 6re; 
XXwidi, green-- in allusion to its colour before the blowpipe flame. Analyses have been 
made by C. F. Rammelsberg, R. Hermann, F. Wdhler, B. Szilard, J. J. Chydenius, 
G. TBcherraak, P. J. Holmquist, and K. von Chrustchoff. A sample from the Urals 
furnished the last-named with tho analysis: 
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N»,0 K,0 C»0 FeO TiO, <Cb, Ta).0| V 

3*36 0-87 U-05 2-62 8*32 6«0l 2*77 

with traces of ziroonia and magnesia* and the rare earths: 

<Y, Kr),0, Ce,0, DijO, La,0, UO ThO, 

0-5C 2 16 1*94 1-23 2*63 4*28 

Tlie presence of water is probably duo to a secondary action. A. L. Fletcher gave 1340* 
for the m.p. of |>yrochlore. H. Hermann called the varieties containing water ^drooblore, 
and those containing fluorine fluoehlore. The brown octaliedral erystnU belong to tlie cubic 
system. The sp. gr. is 4*2 to 4*4; and the hardness 6‘0-r>’6. Tlie thermoluinineecence 
has been studied by W. Hamsay and T. Liebisch. P. J. HolmquUt syuthosizod the mineral 
by melting together calcium chloride, columbic acid, and sodium fluoriilo. llie crystals 
the composition NaCaCb|0|F, 

S. Weidman and V. Lenlier found brown octaliedral crystals of a mineral in the isigmalile 
near Wausau, Wisconsin, llie mineral was name<l inar^nMite. The sp. gr. was 4*13; 
and hardness 5*0-5’6. Analysis gave: 

Cb,0, Ta,0* 810, TIO, FejO, FoO CaO Mk<) K,() 

r)5*22 0*86 3*10 2*88 0*60 0*02 4 10 0 16 2*02 0*67 

Water al>ovo 110®, 6*95, and below 110®, 0-46 |kt cent. The miv cartli contents were Ce,0,, 
13*33; VaO,, 0 07 ; and ThO,, 0*20 {>er cent. Tra('es of ahiiiiina, manganese, tin, tungHieii, 
didymia, lanthunu, and erbia are reported. Marignai'ite thus differs from other members 
of the pyrochlore group in contaiiung more cerium and yttrium and less calcium and iron ; * 
also in ttio presence of a little silica, suggesting a n'lutioii to the titunosilicates. The water, 
no doubt, represents hydroxyl, isomorphously i‘eplncing fluorine, which is here absent. 

It was also studied by H. Szilaixi. U is insoluble ni acids. The loransolts of M. P. Meiniknff 
and V. I). Nikolajeff, found iieor Imbilax, Finland, is closely related to euxenito ; it contains 
3*0 p(‘r cent, of ceria, 10 0 |H*r cent, of yltria, 20*0 |>cr cent, of thoria earths. Its sp. gr. is 
3*8 to 4*8 ; and the hardness 6. W. Hamsay and A. Zilliacus, L. J. Si>encer, and W. Croffkes 
refern^d to a mineral whicli H. Borgstrom c‘oiisidcr(*il as lielungiiig to a group of minerals 
containing loransoite, and ho called the group wUklU. It is a columl^atotitanosilicate of 
iron and the rare earths. According to H. Bergstrom, the rhombic crystals have the axial 
ratios o : 6 ; c»-’=0*6317 : 1 : 0*6046. A. L. Fletcher gave 1260® for tlio m.p. of wlikite. 

The minerals blomstranditC, beUftte, and saittlresltb closely re.somblo pyrochlore. 'i'hey 
occur in octahedra. Blomstrandito ot curs massive at Nohl, Sweden, and in crystals at 
Tongafeno, Madagawar (r. Lindst t orn analyze<l the former, A. I^toix 1 h<» latter; belafUv, 
from Ambolotora, Madagas^'ar; and aamire^itic, from Samiresy, Madagascar, were analyzcMi 
hy A. Lacroix. They contain more uranium and less alkalies tlian pyrO(‘hlnro ; otherwise 
their properties are similar. They contain from 0*2 to 3*0 per cent, of rare earths ; up to 
1*30 per cent, thoria; 18*1 to 26*6 per cent. UjO,; bismuth oxide, U|) to 0*4 [ler «’ent. ; 
load oxide, up to 7*36 per cent.; nearly 60 i>er cent, of tantalic and columbic oxiiles ; 6*7 
to 18*3 per cent, titanic oxide ; up to 0*.3 j)or cent, stannic oxide ; eUr. O. Hauser and 
H. Uerzfeld, and B. Szilard studied blomstrandite. C. U. Shepard found yellow octahedral 
crystals of calcium tantalato and coluinbate in the atbite at Chestei'field, Mass., and culled 
the mineral mlerollts- - smalF -in alhmiun to the size of the crystals. MicromeriOi 

also oc4'ur8 at Uto, Swe<len ; Amelia, Virginia ; Igaliko, (Imenland ; and West Australia. 

It is a kind of pyrochlore with a high pro|>ortion of tantalic acid. It was analyzeil hy 
C. U. Mliejmrd, A. A. Hayes, F. P. Dunmngton, A. K. and (1. Nordenskjdld.and lC.S.8irn[>son. 
llie 8]). gr. is 5*406 to 6*666; and the hardness 6*6. The Virginia sample analyzed by 
F. P. Dunnington gave : 

Ns,0 K,0 BeO MgO CaU Fc,<), AI,0, WO, KiiO (Ub. Ts),0, 

2*86 0*29 0*34 1*01 11*80 0*29 0*13 0*30 1*06 76*17 

and 1*17 of water; 2*83 of fluorine ; 1*59 of UO,; 0*23 of yttria earth; and 0*17 of ceria 
earth. J. L. Smith, and 0. D. Allen found octaliedral crystals of a calcium columbate and 
tantalate in the mica mine, Mitchell Co., North Carolina. Tlioy called the mineral h^bh4t> 
totttb. It is closely related to pyrochlore. Its sp. gr. is 4*77~4*90; and its liardness, 6. 
Analyses showed 0*86 per cent, yttria earths; 7*09, calcium oxide; 16*63, uranic o^de ; 
1*61, titanic oxide ; 67*86, bf columbic and tantalic oxides; etc. A. Knop found a mineral 
in the limestone near Schelingen, Baden, which resembled pyrochlore but contained no 
titanic oxide, and little or no fluorine. He called it incite. Analyses have been made 
by A. Knop, and (J. H. Bailey. It contains 8‘89-l0*10 per rent, of ceria earths; 61*64- 
61*90, tantalic and columbic oxides; 16*00-16*61, calcium oxide; etc. Tlie sp. gr. 
is 4*46-4*60. The osottBtalltS of P. Terraier obtained from Allier, B’roiu^e, ocean In 
octahedral crystals and appears to be closely related to the above. The p]trtflU— 
yoUowish-red-Uke fire—of G. Rose, found as octahedral crystals at Alabaschka in 
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the Urah, it* considered to ito closely releted with microlite. Likewise also with the orsngo- 
red octaherirul ciystalfl-'Callefl i)y J. D. Dana, uorite—found by G. vom Hath, J. E. Teache- 
macher, A. Oaann, and A. Corsi in the albite rock at San Miguel, Azores ; by L. L. Hubbard, 
at 1/Mchor Seo; and by VV. C. BrOgger at Moss and Kragerd, Norway—oidethezirconato- 
silicates. 

A red silicotantalate of yttrium metals with cerium, aluminium, iron, calcium, beryllium, 
etc., which occurs at Yttorby, Sweden, is an amorphous decomposition product. It has 
been called arrhentts, and was investigated by A. £. Nordenskjold, and N. Engstrdm. It 
contains yttria earths, 33'2 per cent.; ceria earths, 2*6 ; tantalic oxide, 21*26 ; columbic 
oxide, 2*67; alumina, 3*88; ferric oxide, 1*87; silica, 17*66; zirconia, 3*42; beryllia, 
0*74 ; calcium oxide, 6*22 ; and water, 6*87 per cent. Its sp. gr. is 3*68. G. Flink, and 
O. B. Boggild and C. Winther found in the same locality a mineral which was called endeioUte, 
it contains 4*43 of the rare earths, and 3*78 per cent, of zirconia. Its approximate formula 
is RCb 20 ,( 0 H).;.BSi 03 —eidr tho eolumbatosilicatcs. 

Fluorine is the only halogen which occurs in nature in combination with the rare 
earths. The chlorine in eudialite is probably of secondary origin, and is possibly 
part of the zirconyl radicle, ZrOCl. T. Scheerer i* emphasized the fact that except 
in a few cases the rare earth minerals occur in igneous rocks, particularly the granites, 
which have undergone metamorphosis. In a few cases where erosion has occurred, 
the secondary formation has in all probability been derived from plutonic rocks 
of great age. G. Bberhard has found that the age and nature of the common rocks 
has no influence on the traces of the contained scandia and yttria earths; but rare 
earth minerals arc usually very stable and have been formed by the metamorphosis 
of granites. The occurrence of fluorine in the rare earth minerals is also in agreement 
with the assumption that they have formed during the pneumatolytic metamorphisra 
of plutonic rocks. 

Tho mineral yttrocerite was discovered by .1. J. Berzelius and J. G. Gabn.i’ 
It is found massive or granular, and coloured white, violet-blue, or reddish-brown ; 
and it occurs sparingly in different parts of Scandinavia. G. Gibbs found it in 
New .Jersey; C. T. .Jackson in Massachusetts ; and W. F. Pettard in Tasmania. Its 
composition corresponds with a mixture of ceria and yttria earth fluorides with 
calcium fluoride ai)proximating 2C'eF3.4YF3.9('aF2.2H20; or 5RP'3.9t'aF2.2H20. 
Analyses were also made by (!. F. Rammelsberg, and ('. T. Jackson. G. Tseherinak’s 
analysis of violet-blue crystals of yttrocerite from Colorado gave: 

CfjO, y,Oj (;uo ii,o l' 

I8*la 29*36 27*61 1*96 37*69 

with traces of AlzOs-SiOz- The proportions of ceria earths range from 9*3 to 18*19, 
and tho yttria earths from 8*1 to 29*36 per cent. Hence yttrocerite has been 
regarded as fluorspar in which part of the calcium has been replaced by the ceric or 
yttria earth metals. E. F. Glocker called it yllrocalcitc. The hardness is about 
4*5, and the sp. gr. 3*45. A. L. Fletcher found yttrocerite infusible below 1510°. 
The powdered mineral readily di.s3olves in boding hydrochloric acid and more readily 
still in hot sulphuric acid. T. Vogt di.scovered a mineral in the pegmatite vein of 
Northern Norway; it is related to yttrocerite, but contains less ceifam and more 
yttrium. Hence ho called it yttrofiuoiite. It also contains less water than 
yttrocerite. His analysis is : 

0,0, y,0, CuO AltoIlM H,0 K 

1*68 17*36 54*89 0*18 0*67 45.64 

T. Vogt regards the mineral as an isoinorphous mixture of calcium fluoride with 
yttrium fluoride together with cerium fluoride, where the terms yttrium and cerium 
represent the corresponding groups of rare earths metal. This hypothesis explains 
the frequency in the occurrence of the rare earths in fluorspar. The crystals belong 
to the cubic system. The sp. gr. is 3*3.366 to 3*5572, the hardness 4*5 ; the index 
of refraction for Na-light, 1*4522-* 1*4572. E. Dittler also studied the mineral. 

J. J. Berxeltuti^* found a basic fluoride of I'oria and yttria earths at Finbb and Broddbo, 
Sweden; and called it IxuUk /iMiopatadj/radt cerium. W. Haidinger's term fluoovitt 
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U now generally eraployed. It contains from Bl‘43 to 82*04 |)or cent, of t'eria enrthg, aimI 
1*12 to 4‘30 per cent, of yttriw earths. M. Weibuil gave the formula (0» La, ])i)|OK.. 
The mineral is very scarce. It occurs in hexagonal crystals of sp. gr. 6*7-5‘8, and hanlueas 4. 
A. Hadding studied the X-radiogram of fluooerite. The yellow hydrofiuor^tv from FinbO 
is probably a weathered product containing cerium hydroxide and fluoride. F. W. Clarke,** 
and W. F. ffillebrand and W. E. Hidden described a mineral from the i)egmatite of Llano 
Co., Texas, which (hey called rowUDdlte, 

(Na. K), 0 MgO CaO MnO FoO FegOj 8 U>, H,0 F CO, 

0*28 1-02 0-60 007 4-30 001) 2004 0*24 3 H7 0*34 

with a trace of pliosphoric oxide, uranium and titanium oxides, 0‘39 |K'r cent, of matter 
undetermined; and 

Y-group La-gruiip CogOj ThO, 

47-70 9-34 6-00 0-59 

They gave the formula R'll,81,0, 4 F,, where H is tervaleat and U'bivalent. W.C. Br^jgger 
gave H'fHFljRjISi^O;),; and F. Oroth, (Fe, Mg)(Y, Co, La)(YF),(Si 40 ,),. 

J. J. Berzelius 20 found greyish-whito, pink, or yellow crystals of kohkmaurcs 
CereroxifiUd coating some cerite at Ba.stna8, Sweden. W. Hisinger, and F. S. Bcudant 
made some observations on the mineral; the latter called it carltoc^rine. 
W. Haidiiiger called the mineral UnthfUlite. It has also been found at Bethlehem, 
Pennsylvania ; and at Moriah, Essex (’o., New York. The mineral is essentially 
a carbonate of the ceria earths, chiefly lantliana. Analyses have becji made by 
G. Liiidstrom, J. L. Smith, F. A. Gcnth, and C. F. Rammelsbcrg. The first-named 
gave for the Bastnas mineral: 

v,Oj (Lii, nDgO, c.*,o, cog ifgO 

0 71) 28-34 2.'i-r>2 21-95 23-40 

The analyses correspond with theenueahydrated carbonate, (La, l)i, Ce).^((-'0:i)3.9H20, 
but since P. T. Clove, and C. Morton made the isomorphoiw octohydrated didymium 
salt, he concluded that lanthaiiite is otdoliydrated. R. Hermann, and F. A. Genth 
synthesized lanthanum carbonate. K. F. A, Hartmann called the mineral hydro- 
cerite* and E. F. Gloeker, hydrolanthanite. lamthanite is usually amorphous; 
but tabular crystals have been examined by V. von Lang, and W. P. Blake ; they 
are rhombic, with axial ratios a : h :c ()-9r)2H ; I : ()‘J()23. The sp. gr. is 2fi 2*7, 
atul the hardness 2. It is readily soluble in acids. 

.\. F. Hvaiiberg oblnincd a < lialk-like alteration pio<hn t, which he regarded as koltitjrud 
VtUTjord, as a thin film on gadoliiiito at V'tlcrby. J. 1). Dana <-nlled it tongsrltt; it has 
also Ikhui colU'il yttiia spur. F. A. Uenth’s unalyHis of a sample from Llano (Jo,'rexa», 
8 [). gr. 3-592, is: 

CaO MiiO n«<) FcgOg (Cu, 1)1, Lh. Y, 8 r)gOa SIO, Loss on iKiillioti 

5-58 0-22 O-Oa 14-53 39-20 1 03 9-:i0 

<1. Flink fouml crystals of a hydrated curlx)nate of cerium and strontium at Narsaruk* 
(Irecnland, and called it ancylit6 -4 >wv'Ao$, smuuus - in ruforonce (u the sinuous surface of 
the crystals. aiiulysU i»: 

OaO I'bO SrO (U, W),0, LV,(), CO, Till), H,l) 

1-50 OJS 21 03 24 04 22-22 23-28 0-20 11-82 

with insoluble mattera, 0-00 ; and there are tracea of flnoiino. 'J'he correapondinK formula ia 
4 R( 0 H)C 03 . 3 H, 0 . The brown octahedral cryatala belong to the rhombic system, and have 
the axiai ratios o : 6 : c=0-016 ; 1: 0-9174. The sp. gr. is 3-05, and the hardness 4-.'). 

A browniah-ycllow or red crystalline mineral found in 1835 in the emerald mines 

of Muso or Muzo Valley, New Granada, and in the eollection of L. de Medici-Spada, 
was analyzed by R. Bunsen ** in 1845. The mineral was at first called mutiU or 
mutsite, but since a variety of amphibole had the same name, the mineral was 
designated p8rigit6,from J. J. Paris,the proprietor of the mine. W. C. Brdgger found 
it at Langesund, Norway ; G. Nordenskjold, at Narsarsuk, Greenland ; 8. L. Penfield, 
and C. H. Warren, in Ravalli Co., Montana; C. Palache, and C. H. Warren, at Quincy, 
Massachusetts; aud G. P. Tschemik, at Mukden, Manchuria. Analyses have also 
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been made by A. Damour and U. St C. Deville, 8. L. PenSeld and C. H. Warren, 
T. Korovaeff, etc. The analyeis by C. H. Warren of a specimen from Quincy, 
Massachusetts, is; 

KsiO K,0 CaO Fe,0, La,0 Ce,0| CO, F Osngae 

0-30 0-20 11-40 0-32 27-31 30-94 24-16 6-66 102 

C. F. Rammelsberg said in 1876 that the available data do not suffice to deduce the 
constitution of this rare mineral. The best analyses make the mineral a iiuocarbonate 
of calcium and the metals of the ceria earths, CaB2Fj(C03)j. S. L. Penfield and 
C. H. Warren gave the formula 2BFC08.CaC08, or (BFlaCafCOsls, which is given 
graphically: 



P. Groth gave (CaFKRP)R(C08)3; and J. SchiUing, Ce 2 (C 03 ) 3 .C 8 F 2 . R. Bunsen . 
stated that the crystals belong to the hexagonal system, and have the axial ratio 
0 : c=l: 3-2808; A. des Cloizcaux gave 1:3-289057 ; and K. Vrba, 1:3-36466. 
The crystals are now considered to belong to the trigonal system which makes the 
axial ratios a: c=l: 19425. G. Aminotf found that the spots of the X-radiogram 
did not change in position after the expulsion of carbon dioxide by ignition, and 
he therefore inferred that there is no displacement of the atoms or distortion of the 
structure. The symmetry is dihexagonal, and the at. distance in the direction of 
the c-axis is 11 -9 X 10~* cms. The sp. gr. of the specimens analyzed by tbe different 
investigations range from 4-129 to 4-358. K. Vrba obtained 4 364; the hardness 
is 4 to 6. The double refraction, according to A. des Cloizeaux, is strongly positive, 
<0=1-676, £=1-767, and c—<o=0-081. With the spectromicroscope, crystals of 
parisito give the characteristic absorption bands of didymium—oide infra — 
illustrated by Fig. 2. 

G. NordennkjOld described as parisite a mineral from Narsarsuk, Greenland, but G. FUnk 
regarded it aa a new species with the composition RjFjCajfCO,),. i.r. the same as parisite 
plus another mol of calcium carbonate ; he named it aynchinite - aiiyxva-is, confusion—in 
allusion to its having been confused with parisite. C. Palache, and C. H. Warren noted 
the extraordinarily close resemblance botw-een the physical and crystallographic properties 
of parisite and synchisite, and suggested that G. Flink’s material must have been parisite 
mixed with some calcium carbonate. This mineral was investigated by G. Flink, 
R. Mauzelius, O. B. Boggild, etc. G. Aminoff made similar observations on the X-radio- 
grams of synchisite as those made on parisite. E. Quorcigh conclude<l that the ep. gr., 
the optical properties, and the composition of the two minerals make their identity 
praotioally certain. 

G. Flink discovered at Narsarsuk, Greenland, a bariuni-parisite which closely 
resembled ordinary parisito excepting that barium replaced the calcium. It was 
called oordylite— Ko^vh), a club—in allusion to the shape of the crystals. The 
analysis of the yellow crystals is: 

OaO FoO BsO (La. D1),0, Cj,0, 00, ThO, H,0 Oangilo 

1-01 1-43 17-30 28-67 23-72 23-47 0-30 4-87 0-80 2-58 

and the formula (RF) 2 Ba( 003 ) 3 . The axial ratio of the hexagonal crystals is 
a : 6: c=l: 1:1-1288, and they are isomorphous with those of parisite. The sp. gr. 
is 4-31; the hardness, 4 to 5; and, according to 0. B. Boggild, the indices 
of refraction are to=1-7640, and £=T6762. B. Szilard examined this mineral. 

In 1838, W. llisinger found that a mineral from Baatnks, Sweden, corresponded in com¬ 
position with a hydrated fluoride of the cerium metals, and J. J. N. Huot named it bast- 
nlialts—-this mineral also shows the didymium absorption bands. Fig. 1. T. Karawajeff 
obtained a miner^—named kisekiimitr—from tlie alluvial sands of the Barsorka River, 
near Kisolitim, ITrals, which he named KiteJuim-parUitt because it contained carlxm 
dioxide in place of water given in W. Hisinger's analysis. G. Nordenskjdld showed that 
tbe loss on ignition assumed by W. Hisinger to be water was really carbon dioxide, and hence, 
in ignorance of J. J. N. Huota term, he proposed to call the mineral Aomerfffe—AgdgT#, I 
ileoeive myself. O. D. Allen and W. J. Comstock found a sample—which they calledtysoaite, 
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after the discoverer & T. Tyson—at Pike's Peak, Colorado. This ininenU was afterwards 
id^tified with bastnasite by W. F. Hiliebrand, and F. W. Clarke. G. Nordenskjdld’s 
analysis of a sample from Basing is : 

C®,0, (U, DDgO, CO, V 

29-94 45*77 19*60 7*42 

Tins agrees with the formula RFCO,. Analyses made by T. Karawajeff, W. Uisinger, 

F. Radomiosky, B. Szilard, W. E. Hidden, W F. Hiliebrand, and O. D. Alien and W. J. Coni' 
stock are in general agreement; though (he oeria earths range from 64*0 to 03*5 per cent., 
and thoria from 0 to 10 per cent. According to A. des Cloizeaux, the prismatic crystals 

» 0 Q P.. K _ <? 

I II a i I 

Red Yellow Grec^ Blue 

Fio, 1.—Absorption Spectrum of Monazite. 

are hexagonal. The sp. gr. ranges from 4*784 for the sample fr<mi Kischtiin; to 4*93 for 
the sample from Bastnlis ; to 5*20 for the sample from Colorado. Tlie hardness is 4 to 5. 
The double refraction is strongly positive. W. C. Brdgger found on Oevre Ari> of Lange* 
sund Fiord. Norway, a very small spe(*iinen of a mineral w'iuoh ho named WSlbyltS— 
after P, C. Weibyo. Tlie imperfect analysis shows it to be a fluocarlM>nate of the rare earth 
metals with calcium, and strontium. It contains OO'OO per cent, of cena earths. The 
mineral is allied to |>ansite and bastnasite, and the pyramidal crystals htdong to the rhombio 
system with axial ratios a ; 6 ; <■-= 0*9999 : 1; 0*04. 

Prior to the invention of the rare earth gas-mantle in 1885, there was practically 
no demand for moOEEite ; the small quantity required was obtained at a high price 
from the deposits of Scandinavia, and the Urals. With the advent of 0. A. von 
Wclsbach's gas-mantle, there was a great demand for ceria and thoria earths, and 
a systematic search was made for sources of the rare earths, and it was found that 
these earths arc not at all so rare as the name implies. From the commercial point 
of view, the most important source of the rare earths is monazite--/tomCw, to bo 
solitary—so named because, when first discovered, it was considered to be of 
extremely rare occurrence. Although monazite is essentially an orthophosphate 
of the ceria earths, RPO 4 , yet its commercial value depends upon the percentage of 
thoria present. The amount of thoria rangea up to about 20 per cent. There is 
some confusion in the early history of monazite because a number of minerals 
which were given different names were not recognized as belonging to the same 
mineral species. 

Tlie spelliug tnonaciie is but u corruption of the origiiml. A. L5vy •* first desci iliod a 
spocinion from K. Turner’s collection and it was lulH'llt*d as a variety of sphene from 
i}au))hin5; A. L5vy named it turnerUe. J. 1>. Dana noted the rt'soinblancos liof weon 
tumerite and the mineral afterwards named monazite, and said that" they may be the same 
species." This hypothesis was ostablisliod by F. I’isani in 1877. Meanwliile, in 1829, 
A. Breithaupt apo^^ the term monazite to a mineral aeooinpanying the ziit'on in a granite 
of Miask, Urals, ^lie same mineral was described as mangiU. by H. J. Brooke in 1831. 
In 1837, 0. U. Shepard described a basic sesquiphosphate of the protoxide of cerium from 
South Carolina, and gave it the name edward»iU, and another variety from Connecticut he 
called eremite — ipnfda, solitude—in allusion to the isolated occurrence of the crystals. Ho 
found the specimens were accompanied by zirconia, alumina, and silica as impurities. 

G. Rose, in 1840, showed that the American minerals were the same as monazite. In 
1846, F. Wdhler found acicular crystals and grains of a wine-yellow mineral in the apatite 
of Arendal, Norway, from which it could be separated by dissolving the latter in dil. nitric 
acid. The roiner^ was called cryptolite —spywr/f, concealed. E. Mallard found tlio 
physical properties of cryptolite and monazite to be identical. A variety from Kftrarfvet, 
Sw^en, wascall^ k&rar/vetite. R. Hermann, 1847, c4UIod the brown mineral he obtaiiied 
from the llem Mountains, monazitoid; H. Watte, 1849, called the greyish-yellow crystalline 
powder which he found in the cobalt ore of Tunaberg. phosphocerite ; and D. Forbes and 
T. DahU, 1856, called the crystalline mineral which they obtained near N6terd, Norway, 
urdit$, 

J. Schilling uid that monazite is one of the most widely disseminated minerals 
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in the earth’s crust. Comparatively large crystals of monazite are found embed Im 
in the feispar of the veins of pegmatite in the Ilmen Mountains, Urals; and in sove I 
places in South Scandinavia; in the gneiss of Carolina and Georgia; etc. StnS 
crystals occur in the crevices of some rocks. It occurs massive and granular in veins 
in granite asswiated with wolframite, cassiterite, and molybdenite on the Walsh 
and Tinaroo mineral fields of Queensland. Massive and granular monazite were found 
by F. Freise in the pegmatite veins of the granite of the Aymore Mountains, Espirito 
Santo, Brazil. More usually, monazite occurs in small proportions as an accessory 
constituent of the older crystalline rocks—^granites, diorites, gneisses, etc.—belonging 
to the Archajan or pre-Cambrian Ago, and in no rocks younger than the Mesozoic 
Age. The monazite may occur in the veins of crystalline matter in these rocks, 
or it may occur in small crystals disseminated through the whole mass of rocks. 
Monazite is found among the ddbris formed by the disintegration of the monazite- 
bearing rocks owing to the action of weathering and eroding agents. The 
unweathered fragments may have been washed away by the rivers and streams,* 
or by the waters of the ocean. The water-borne fragments have been re-deposited 
so that the heavier particles with a high sp. gr. have been separated from the lighter 
particles of less sp. gr. The monazite grains of high sp. gr. have thus been con¬ 
centrated by nature in deposits from which the water may have since receded. 
The grains of monazite are thus collected by nature along with the heavier con¬ 
stituents of the parent rock to form monazite sands which are found in the alluvial 
deposits of rivers, and on the sea-shore exactly like the concentration of platinum 
and gold in alluvial sands, or of precious atone in 
the so-called gem-gravels. The monazite in these 
sands may be in angular fragments, but it is more 
usually present in rounded grains- -Fig. 2—showing 
that the grains have previously been rolled to and 
fro in streams of water. Monazite sands therefore 
represent nature’s attempt to concentrate the heavier 
accessory constituents of the parent rock. Hence, 
monazite sands contain grains of zircon, rutile, 
ilmenite, sphene, and apatite. There are also present 
grains of garnet, epidote, sillimanite, tourmaline; 
and a number of rare earth minerals- X(;notimc, 
fergusonite, samarskite, gadolinite, and allanitc. 
There arc also present grains of ferric oxide; tin 
oxide; and much quartz. Often, too, the parent 
rocks are auriferous, and the particles of gold then accumulate with the heavier 
minerals. Monazite is thus almost universally present in the auriferous and gem- 
bearing sands and gravels. 

Monazite sands occur near Arendal, Moss, Ldnneby, Dillingsd, Hvald, etc., in 
Norway; Holma, Kararfvet, etc., in Sweden; Imilaks in Finland; Miask and 
Batoum in the Urals ; Fisel in Bohemia; Travancorc in India; ill the gem-gravels 
of Bentota, and Kudremalai in Ceylon ; Mindarivo and Antyiab(j in Madagascar ; 
in the beach sands, Queensland; Emraaville and Vegetable Creek in New South 
Wales ; Victoria ; in the beach sands, the diamond-bearing sands, and the auriferous 
sands of Minas Gcraes, Bahia, and Espirito Santo in Brazil; in the sands derived 
from the gneiss rocks of Carolina, and Georgia ; in the auriferous sands of Idaho, 
Oregon, Portland in Connecticut, Amelia Co. in Virginia, and in many of the Pacific 
States: in the stanniferous sands of Embabaan, Swaziland; in the alluvial tinstone 
of Pahang, Puchong Babi, Kulim Kedah, and Kelantan, Federated Malay States; 
the river sands near Chiromo, Nyasaland; the river sands of Ekole, Kadera, 
Naraguta, Iboboto River, and Ebara River, Nigeria; Ottawa, Canada ; Transvaal 
in South Africa ; etc. The deposits of monazite sand on the coa.st of Brazil, North 
and South Carolina, and Travancoro have been worked. So also have other deposits. 
According to E. H. Pascoc, the total production of monazite commenced in Ceylon 



Fiu. 2.- Water-worn Grains 
of Monazite Sand. 
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b 1918 to 1922, when the works closed down, was 235 tons. The exports from 
prsxil in 1920 was 1153 metric tons; the United States production was very smalt 
[34'7 metric tons in 1917); Travancore commenced producing in 1911, when it 
iurnished 319 metric tons, and in 1921,1280 tons. A great many (actors determine 
whether a deposit can be worked profitably—transport, cost of labour, selling price 
jf finished product, the manipulation of prices by competing syndicates, eto. 

The monazite in the sands is not sufficiently concentrate for them to be used 
lircctly as a source of thoria. The sands are therefore subjected to a further washing, 
and magnetic or electrostatic concentration processes are applied before the chemical 
treatment. In some of the best of these proce.s8e3, the concentrate contains 97-99 
per cent, monazite. This subject has been discussed by J. H. Pratt and 
D. B. Sterrett. In the magnetic concentration, the sand traverses, say, (o\ir magnetio 
fields of increasing intensity—the first removes the magnetite, larger fragments 
of ilmenite and garnet; the second removes the remaining ilmenite and garnet; the 
-third removes the coarser: and the fourth, the finer monazite; while the tailings, 
containing zircon, rutile, and quartz, pass on. The tailings from the Travancore 
sands are used in the preparation of zirconia. Efforts have been made to supersede 
nature’s preliminary concentration of monazite, by crushing the gneiss rocks of 
Carolina; but even with the richest rock—containing 0 2 per cent, of monazite— 
the working costs are too high to compete with i)roceB8es based on the concentration 
of the monazite sands. 

Ana!y84‘Hof inoimzito liavo Ihhjii made by C. Kcr»l4Mj, K. Hormann, A. Damottr, C. K. llam* 
inelNberg, C. VV.BIomHtrand, F. Hadoniinsky, W. KaniHayaiidA.ZilliacuH.K. ProiK, A. IsOoroix, 
L. A. Aar«, P. Wenger and I’, ('liriatin, L. Sehmeluk, W. IVinz, H. J. Strutt, W. H. DunutAii, 
B. Szilard, F. Kutzor, W. Liiidgron, L. Duparc, H. Salwt and M. Wuiidcr, K. Huiwak and 
J. Jt<‘ilinger, H. (Jorceix, S. L. IVntield, F. J*. Diuiningtun, A. Thorp<*, F. A. CSenth, 
(J. P. THfhernik, A. Liversiilge, J. C. H. Mingaye, C. Anderson, S. J. .lohnstone, .J. HjeluHSolt 
and 8. Kiisnezoff, H. B. ('. Nitze, C. (Jlasor, A. H. Chureh, B. S. S|)orry, (J. 0. Hoffmann, 
(J. P. Drosslmeh, H. J. (Jray, (). Boudouard, (). Kress and J. F. Metzger, etc. llie maxiniuin 
and minimum values are calcium oxide, 0'10-1'68 |>er cent. ; magnesium oxide, 0-0’40; 
manganese oxidts 0 4*89 ; lead oxide, 0 0 34 ; ferrous oxide, 0 1*10; ferric oxide, 0^ 5*1>8 ; 
alumina, 0 311 ; yttria earths, 0 -7’OSt; lanthana earths, (uSO 40'79; ceria earths, 
10'30 45 40; silica, 0 32 (i 08; stannic oxide, 0 9'03 ; zirconia, 0 15'44; thoria, 0’40- 
28’20; uranium oxifle, 0 PO; phosphoric oxide, I8'89 29*92; fantalic and coiurnhio 
oxides, O^ C’39; fluorine, 0 4*35; loss on ignition. 0 09 2*70 [H»r cent. A soloction of 
particular samples is given in 'rablo V. 


Tablk V.- Analyhkh or Monazitk. 


Souroe. 
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Calcium 

oxide. 

Silica. 
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A4 
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Travancore, India 

9-43 

31*90 

28*00 

0*46 

1-29 

0*14 

0-16 

1*00 

26-82 

0*46 

Niriellagange, Ceylon . 

10*76 

26*71 

30-06 

1*46 

1*09 

0*70 

0*86 

2*47 

24*61 

0*93 

Pahang, Malay . 

8-38 

25*46 

32*72 

2*80 

0*84 

2*78 

0*61 

0*92 

23*92 

1*28 

Ekole, Nigeria . 

600 

30*72 

30*02 

2*74 

3*00 

0*35 

0*16 

1*20 

26*29 

0*26 

Kadera, Nigeria 

3*20 

36-63 

30*00 

0*39 

1-20 

0*10 

0 21 

0*63 

28*29 

0*20 

Villeneuve, Canada . 

12*60 

24*80 

26*41 

4*76 

1*07 

— 

1*64 

0*91 

26*86 

0*78 

Ldnneby, Norway 

9*34 

28*06 

29*60 

1*82 

0*66 

0-16 

0*63 

1*65 

28*27 

021 

Carolina . 

101 

36*17 

21*29 

7*62 

— 

1*84 

0*36 

1*02 

29*39 

0-26 

Espirito Santo, Brazil 

6-06 

62 

12 

0*80 

0*97 

0*10 

0*21 

0*76 

28*60 

0-38 

Bahia, Brazil 

6*60 

61 

40 

0*70 

1*60 

0-08 

0*30 

0*64 

28*46 

0-64 

Hiohmond River,N.8. W. 

0-46 

22-42 

22-05 

0*16 

2*08 

0*14 

1*32 

6*68 

18*89 

0-10 

Amelia Co., Virginia . 

18-60 

16-30 

34-70 

1-10 

0-00 

0*04 

2-70 

2*70 

24-04 

— 

Antyiabe, Madagascar 

11*23 

26*96 

32-60 

0-30 

0*60 

0-16 

— 

2*87 

25*90 

0-66 

Tratuvaal, Africa 

3*51 

34*68 

27-26 

2-14 

0*44 

0*86 

0*31 

1*62 

27*38 

2-21 

Pifsek, Bohemia. 

5*86 

3105 

26-64 

4-02 

1-32 

— 

0-41 

1-46 

27-67 

0-42 

Miask, XTrala 

6*66 

31-31 

31*86 

0-62 

0*26 

0*13 

0*66 

1-37 

27-32 

0-41 
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The analyses can be regarded as representing only monasite plus more or less 
foreign inclusions. The ratio of the isomorphous ceria and lanthana earths is not 
constant. The idealized mineral, as drat suggested by C. U. Shepard, is considered 
to be an orthophosphate of ceria earths, BPO 4 . 0. Mann represents the formula 
by mThsfPOsls.nlOe, La, Pr, NdlslPOsjs, where the first component is regarded 
as the primary constituent from which thorite is formed by weathering. 
F. Badominsky synthesized ceriumorthophosphate.and obtained large yellow prisms; 
the analysis corresponded with RPO 4 ; if yttria and didymia be absent, the 
crystals are colourless. C. James has applied the bromate method to the fractionation 
of the rare earths derived from the monazite sands of Carolina, and found that in 
addition to lanthanum, cerium, praseodymium, and neodymium, these sands 
contain considerable quantities of samarium, gadolinium, and yttrium; small 
amounts of dysprosium, holmium, and erbium; and minute amounts of europium, 
terbium, thulium, and ytterbium. Erbium occurs in much smaller quantities than 
holmium and dysprosium, and this fact probably accounts for the anomalous 
behaviour of certain fractions which has been observed by some workers. 

There has been some discussion as to the relation of thoria to monazite. 
F. P. Dunnington suggested that orangite, ThSi 04 , was mechanically mixed with the 
monazite, and that thoria is not an essential constituent. S. L. Penfield supported 
this conelusion, and claimed (i) to have detected particles of thorite or orangite 
microscopically, and (ii) found that the ratio R 2 O 3 ; PjOs is unity—B denoted the 
rare earth metels—and also (iii) that the ratio of ThOj: Si 02 is also unity. K. Preis 
supported 8 . L. Penfield’s hypothesis; but C. W. Blomstrand objected. He found 
that silica is never absent, but its amount does not depend on the amount of thoria 
which is present, but rather on the amount of phosphorus pentoxide; the thoria 
present is combined partly with the silica and partly with the phosphorus pentoxide; 
and finally, the rare earths alone are not sufficient to satisfy the ratio B 2 O 3 : P 206 =l. 
The thoria is therefore regarded as a primary constituent of monazite occurring as 
phosphate in isomorphous admixture with the cerium phosphate; the presence 
of silica is attributed to alteration by siliceous waters. 0. Kress and F. J. Metzger 
also found that silica is always present, and although it usually increases with the 
amount of thoria, the increase is not regular; in the majority of cases, the amount 
of silica is quite insufficient to combine with the thoria present. They concluded 
that the silica which is present belongs to some unidentified silicate other than 
normal thorium silicate and possibly felspar. No biaxial thorite could be observed 
microscopically in the monazite, nor was there any evidence of a dark resinous 
constituent mentioned by 8 . L. Penfield. 8 . J. Johnstone showed that analyses 
of monazite from monazite sands are not valid in the argument owing to the risk of 
inclusions, and only analyses on massive monazites such as those from Ceylon can 
be considered; and these analyses do not support 8 . L. Penfield’s hypothesis. 
There js not always sufficient phosphoric oxide to combine with the thoria and rare 
earths, and this does not favour 0. Kress and F. J. Metzger’s hypothesis. 

C. F. Bammelsberg, and 8 . J. Johnstone concluded that there is in monazite a 
thorium constituent which is more rapidly dissolved by nitric or hydrochloric acid 
than is the cerium earth constituent. For example: 

' Batto Th0|; B,0, BaUo ThO,; B,0t 

iQ mineral. exinctod ojr add. 

Kitrio acid .... 14 03 19*7 per cent. 

Hydrochloric acid. . 14*03 17*7 „ 

B. B. Boltwood found uranium is contained in monazite, and regarded it as an 
essential constituent, while F. Zerban considered it to be an impurity. B. J. 8 trutt 
also found uranium in what was regarded as pure monazite, and he represented his 
observations by Table VI. L. Haitinger and K. Peters, J. Schetelig, B. B. Boltwood, 

D. 0. Wood, and 0. Doelter and H. Sirk also investigated the radioactivity of 
monazite. W. A. Tilden, and W. Ramsay, J. N. Collie and M. W. Travers observed 
the presence of occluded helium in monazite. 
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Tabu VI—Ttei lUDniM, ITBABnm, abo Hbuck Coxnam or Honazitb. 


Bouroe. 


Norway . 
Norway . 
Fahlun 
Johannesburg 
North Carolina 
Amelia Go. 
Brazil 
Nigeria 
HiUay States 



JUdium 10** 
p«f oeot. 

IT,0, per cent. 

ThO| {wr c«at. 

Helium 
e.(*. per grew 


2*35 

1-0 

0*65 

1*64 


0*276 


1*21 

2*41 


0*323 

— 

0-80 

1-40 


106 

-- 

6*94 

_ 


0*63 

- 

3*79 

.. 


0-806 

0*1 

2*43 

167 


0-288 

... 

1 64 

0*81 


3*78 


2*98 

— 


4-02 

— 

1-63 

— 


The crystals of monazite are coloured dark brown, red, yellow, or greenish- 
brown. Some samples, assumed pure, are transparent, other samples are translucent 
to opaque. The crystals belong to the monoclinic system, and bare the axial 
ratios a:h: c~0-9(!933: 1: 0-92558, end ^=76° 20'; these values vary a little 
with variations in the composition of the specimens. The crystal habit is 
tabular, prismatic, or aoicular. A. Hadding studied the X-radiogram of monatito. 
R. Scharizer has collected a bibliography of the orystallographieal, optical, and 
chemical data. The fracture of monazite is conchoidal. The sp. gr. ranges from 
C. W. Blomstrand’s 4-64 for a sample from Moss, Norway, to L. Duparc and co- 
workers’ 2'2735 for a sample from Madagascar. The values for some samples from 
Ceylon approach 5 5; thus, S. J. Johnstone gav<! 5-47 for the sp. gr. of a sample 
from Ratnapura, Ceylon. The hardness is 5-0 1o 5 5. A. L. Fletcher gave 1140° 
for the m.p. of monazite. H. Rosenbusch and A. H. Wiilfing give for the indices of 
refraction of a sample from Arendal, a--l-7957 ; ^ 1-7965 ; y=l-8411, and for 
the strong positive double refraction y -a—0 0454 to 0-0510. J. Schetelig gave: 

Ll-ray Na-ray Tl-ray 8r>ray 

a . . 1-7822 l-7fl38 l-71»»7 1*8144 

/9 . . . 1*8388 1*8452 1*8522 1*8658 

W. W. Coblcntz found the ultra-red transmission spectrum of monazite shows a 
large band extending from 3 4^ to !> 5/i, and the mineral was opaque beyond 0 0/x. 
Monazite dissolves very slowly in acids. According to K. Haushofer, and H. Behrens, 
if a crystal be warmed with cone, sulphuric acid; the soln. evaporated to a small 
bulk; and a drop be mixed with a drop of a cone. soln. of sodium acetate; under 
the microscope, minute pointed oval crystals of sodium cerium sulphate will bo 
observed. With the spectro-microscope, crystals of monazite give the characteristic 
absorption bands of didymium —vide tn/ro- illustrated by Fig. 2. J. Schilling, 
R. Scharizer, and H. L. Bowraann have compiled bibliographies of monazitr;. 

J. J. BerzeUus obtained a mineral from Hittero and Ytterby which be regarded 
as yttrium phosphate—pAospiorsyrad ytterjord —E. F. Glocker called it yltria spar ; 
A. Damour, castelnaudUe ; Q. S. Kenngott, mnerine. The present term zenotinte 
appears to be the result of a misprint. F. S. Beudant apparently intended to 
call it kenotime since he gives the derivation: “ K«m, vain, et npy, honneur.” 
The irony is, that F. S. Beudant stated the name was intended to recall the 
fact that in 1815 J. J. Berzelius made a mistake in supposing the mineral to 
contain a new metal thorine —afterwards found to be a yttrium phosphate. Th« 
term xenotinw, may be derived from (dmt, stranger to; npy, honour, in allusion 
to the fact that the small crystals were for a long time unnoticed. In addition to 
its occurrence in Scandinavia, xenotime has been observed in Switzerland, Bohemia, 
Germany, Austria, Italy, France, Brazil, Canada, etc. It is also found in varioui 
monazite sands— e.g. those of Caroline, Georgia, etc. Xenotime is not so widely 
distributed as monazite, but it is not uncommon; it often occurs associated with 
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zircon in granite rocks. Zircon is closely allied to xenotime in crystalline form, and, 
according to E. Huasak, in many reports of xenotime in rocks that mineral has been 
confused with zircon. Analyses have been reported by J. J. Berzelius, E. &chau, 
W. Wartha, A. Daraour, 0. B. Schlotz, B. Szilard, J. L. Smith, H. Gorceix, 
C. W. Blomstrand, W. C. Briigger, S. L. Penfield, C. F. Rammelsberg, etc. For a 
sample from Naresto, Arendal, C. W. Blomstrand gave : 

ThO, no, 0e,0, y,0, Fe,0, AI,0, CaO 810, P, 0 , H,0 

2'43 3-48 0-9# 64-S7 2-01 028 1 09 2 30 2923 1-77 

together with MgO, 0 26; PbO, 0’68 ; Zr02, Ml; SnOa, 0 08 per cent. The 
terms yttria and ceria here refer to the corresponding groups of rare earths. The 
composition of xenotime closely resembles that of monazite, and it can be regarded 
as an orthophosphate of the, yttria and erbia earths, YPO,, just as monazite 
is regarded as the corresponding salt of the ceria earths, CeP 04 . The formula has 
been discussed by C. F. Rammelsberg, E. H. Kraus and J. Reitinger, and 

W. C. Brdgger. In xenotime, the ceria earths range from 0'.82 to 1103 per cent.; 

ill monazite, 16’30 to 46'40 per cent. In xenotime, the yttria earths range from 
5413 to 59 70 per cent.; and in monazite from 0 to 7’69 per cent. W. Ramsay, 
,1. N. (!ollie, and M. W. Travers found helium occluded in xenotime. B. B. Boltwood, 
and R. J. Strutt discussed the uranium and radium content of the mineral. Samples 
of xenotime with 0'75 to 2 74 per cent, of sulphur trioxide have been reported— 
sulphato-xcnotimes. For instance, the xenotime from Bandeira dc Mcllo, Brazil, 
analyzed by E. H. Kraus and .1. Reitinger; from Brindletown, Burke Co., by 
W. E. Hidden ; and from Idaho, by G. Tschermak. 

In 1901, E. H. Kraus and J. Reitinger announced tiie discovery of a new mineral, a 
kind ot tulphato-imolinv which they named hmtakUe. A sample from Sao Paulo, Brazil, 
contained (1’3 per cent, of sulphur, and they assigned to it the formula 3R,0,.3P,0,.S0,, 
or 6 RPO 4 .SO 5 . 'riiey found that the sulphur trioxide could be easily removed by the action 
of dil. alkalies, and inferred that xenotime is really a (iseudomorph after hussakite. The 
sulphur trioxide was assumed to have been removed from hussakite by the alkaline water 
of the earth’s crust. W. C. BrCgger found fresh xenotime from ArO, Norway, to bo quite 
free from sulphur trioxide, and suggested that hussakite is an independent species with the 
formula BYPO,(YSO,)P 03 . H. Rossler said that hussakite is common in igneous rocks and 
resembles zircon in appearance and projierties. E, Hussak, however, showed that hussakite 
is not a distinct mineral species, but that it is a xenotime of prismatic habit. The report 
of E. H. Kraus and J, Reitinger is based on faulty analyses. The precipitate obtained 
by the addition of barium chloride to the acid soln. of the mineral after fusion with alkali 
oarbonate, was assumetl to be barium sulphate, whereas barium phosphate is precipitated 
as well. He added that the name hussakite is unnecessary and undesirable. 

F. Radomiiisky obtained needle-like prisms of artificial xenotime by fusing 
yttrium phosphate and chloride. The colour of xenotime is yellow or brown. 
Xenotime and hussakite crystallize in the tetragonal system, and the former has the 
axial ratio a : c :=1 :0’61867, and the latter 1 : 6208. The crystals have been 
studied by A. des Cloizeaux, J. D. Dana, E. Hussak, H. Bossier, and E. H. Kraus 
and J. Reitinger. Since tetragonal xenotime is largely yttrium phosphate, and 
monoolinic monazite largely cerium phosphate, and since monazite contains yttrium 
phosphates and xenotime cerium phosphates, it is assumed that the minerals 
represent the end-terms of an isodimorphous series of mixed crystals. W. C. Br6gger 
considers that the following minerals furnish a series of the general formula (ROjROg; 
mossite, FelCbOsjj; tapiolite, FelTaOjja; rutile, TiO(TiOs), or Ti(TiOj)a; xenotime, 
(YOjPOj; and monazite, (CeO)POj, where the lost three minerals are homomorphous. 
L. Vegard obtained X-radiograms of xenotime, and the structure appears to resemble 
that of rutile and other tetragonal minerals. M. L. Huggins also found the structure 
to resemble that of rutile (q.v.). The sp. gr. of the sam^ea of xenotime which have 
been analyzed range from 4 40 to 8’106—the average is about 4'6; and of hussakite, 
4-45tol'69. Tbe hardness of xenotime is 4 to 5, and of hussakite, 6. According to 
H. Rosenbusch and A. £. Willfing, the indices of refraction and the doable refraction 
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of linsasldte or xonotiine ue potitiro and like that of aitoon. S. U. Kraua and 
J. Beitingei found the foUoving indices of refraction for hussakite: 

N>-ny Tl-t»jr 

llidn 1-7S44 

1-8155 1-8196 

0-0948 0-0952 

H. Bossier noted the feeble pleochroism of the crystals; J. Becquere), Vi. Frins, 
Vi. Voigt, and Vi. M. Page examined the magnetic rotation of the ray of polarised 
light, and the effect of the magnetic field on the absorption spectrum. 

W. G. Xsettoom /ound some samples labelled Cornish blende and described by A. lAvy 
as zinc tuJJurip mamdoni de C<m%oua%lU.8 allowed the absorption spectrum of didymtumi 
Fig. 1 ; and, on analysis, gave 

Fe,0, Y,0, (Ce, Ls, Dl),0, P,{>j H,0 

0-26 1)'93 62’82 29 10 0-8tf 

He named the mineral thftbdopbane. Sample from Scovillo, Conneotiout, named scovtf/i<e, 
were found to have a siinilar composition by G. J. Brush and 8. L. Penfield, and 
W. N. Hartley; and O. J. Brush and S. L. Penheld later established tlio identity of the two 
minerals. L. de Boisbaudran found the absorption spectrum gave didymium and erbium 
bands. Rhabdophane is regarded as a hydrated phospliate of the rare earths, iron, 
aluminium, etc., with 63'8 to 57*0 per cent, of ceria earths and 2' 1 to 10 per cent, of yttria 
earths. The idealized formula is H|Os.P|Og.2H|0, or RPO..H.O. It oocura massive, 
yellow or brown in colour; the sp. gr. is ^94-4*01, and the hardness 3*0. E. Bertrand 
lound rhabdophane is optically uniaxial. F. Henrioh and G. Hiller reported a hydrated 
phosphate of yttrium, erbium, etc. (Er, Y, etc.)P 04 . 2 H| 0 , which they termed welnMhlllkit#. 
in the Bavarian Oborpfalz. It occurs as a white, inattM, globular mass of radiating needles 
on brown haematite. Sufficient has not yet been obtain^ for an accurate analysis. The 
so-called pseudo-t 0 ae«^ife of F. Henrich is a wavellite containing 13 per cent. CaO, about 
1 per cent. BaO and 8rO, and 2-3 per cent, of rare earths. A. H. Church reported a hj^ated 
c^cium cerium phosphate from Cornwall which he called ehunhfte. The composition 
approximate CaO : C^Os : P|Og: H^O^l: 1*65 : 2 : 8*6; and C. F. Kammelsberg 
represents it by 3Ca|(PO4),.l00ePO4.48H,O. Tlie colour is smoky-grey, or fl^h-rod. 
TIm doubly refracting crystals are monoclinic prisms ; the ap. gr. 3'14; and the hardnem 
3*<>-3‘6. A brown, opaque, basic phosphosilicate of cerium, calcium, magnesium, etc., 
occurring in the pegmatite at Naujakosik, Oroeiiland, was named hrithollta—from 
heavy. C. Winthor gives the analysis: 

NsjO MgO UaO Fe,0, (La, Dl. Ce),U, 810, IVh F H,0 

1-86 0-13 11*28 0*43 60-54 10*77 6*48 1*33 1*27 

According to 0. B. BoggUd, the crystals are hexagonal; C. Winthor said rhombic with axial 
ratios a : 6 : c»0'620 : 1 : 0*423. llie sp. gr. is 4*440 ; the hardness, 6*0; and the negative 
double refraction weak, 0*004. O. B. BOg^d obtained brown crystals of a mineral from 
Juliauehaab, Greenland, which was named erikUe —after Eric the Red, after whom the 
adjoining fiord was formerly named—with the composition: 

Na,0 CaO A1,0, (Ge, La. Di),0, 810, ThO, P,0, U,0 

5*03 1*81 9*28 40*51 15*12 8*26 17*78 6*28 

The rhombic crystals have the axial ratios a:b : c »0’5755: 1: 1*5780 ; the sp, gr. is 3*403, 
and the hardness 5*5 to 5*0. The minere! dissolves In acids without golatinization of Uie 
silica. W. 0. BrOgger described the fluosUicate mdinocertte, obtained from the islands of 
Lfuagesund Fiord, Norway. It contains 45*05 per cent, of oeria earths; 0*17 of yttria earths ; 
1*66 of thoria; and 0*46 of zirconia. The tabular crystals belong to the rbombohedral 
system; the sp. gr. is 4*13, and hardness 5 to 6. 

Ihe miner^ fluoNMlto is a cerium aluminophosphate occurring in the diamond mines 
at Mina Gera^, Brazil. G. T. Prior’s analysis is : 

GsO AI,(^ F6,0^ Ce,0b 910, P,0, U,0 

1*31 32*3$ 0*76 28*00 0*48 25*56 10*87 

The presence of fluorine is doubtful. The composition approximates AlF04.CeP04.2Ai(0H)|i 
or 3^40|.Ce,Q4.2P.04.6H40. The speotroeoope shows only a trace of didymium. 
E. Huss^ found that the trigonal crj^ftals haw the axial ratio a: csl: 1*1901; the 
sp. gr. is 3*586, and the hardiw about 3. Hie mineral resembles hamlinite. The Iso^ 
morphism of cerium, oalciom, and strontium salte has been discussed by A. Costa, aad 
Q. WyrouboS. Ihe mioroorystalline fOfMtxtts is a barium aluminophosphate ocomring 
^ tike diamond sands of BnuuL Aowrding to the analyses of E. Husiak, B. Jesel^ 
VOL. V. • 2 M 
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H. GorceiXf and A. Damour. it contains 1*65-2*67 per cent, of cerons oxide. Its coinpositjoi: 

appwximHt&i (BA,Ca,SrfC0)O.2AJgOf.PgOy5HgO. T}ie Bp. gr. is 3'035-3’123, and the 
ft It has also bean discussed by E. Boutan. 

H. Sjdgren reported a rare earth arsenate from Moss, Norway, of the composition : 

JtfsO VaO MnO FeO PbO n,0, A*,d, SIOj B,0 Osngu# 

27 19-2 30-2 1-7 0-2 10-3 2ii 06 S'i iS 

which he called reWta, 3he brownish-red to wine-red im'neral is pleochroic. Ihe prismatic 
crystals belong to the rhombic system; the sp. gr. is 4-i6; and the hardness about 4. 
They are readily dissolced by hydrochloric acid. 

The inseparable companionship of elements of like affinities such as nickel and 
cobalt, and the platinum metals, is very marked with the rare earths. This does not 
refer to such associations as calcium suljthatc or carbonate, and sodium as chloride, 
but rather to co-mixtures of elements with little affinity for one another. No well- 
defined regularities have been observed in the nature and quantities of the members 
of the rare groups present in minerals, although it has been noticed that they are 
virtually absent from minerals which contain other elements. 0. Hauser and 
F. Wirth 28 made some observations of the eficcts of titanic and tantalic acids on the 
occurrence of the rare earths in cuxenito, samarskite, and polycrasc. They found 
that in these minerals (i) one-third to three-sevenths of the rare earths arc yttria 
earths containing erbia earths; (ii) as the titanic acid increases, the proportion of 
holmium and dysprosium increases at the expense of the erbia earths, although these 
earths are generally present only in small proportions ; on the other hand, (iii) the 
])roportions of scandia and yttria arc relatively greater with increasing proportions 
of titanic acid. The relationships are more marked with the ceria earths, (iv) 
onxenite poor in tantalic acid, and rich in titanic acid, is free from samarium and 
praseodymium, but as the tantalic acid increases and titanic acid decreases, samaria 
makes its appearance—-e.p. a euxenite from South Carolina, poor in titanic acid, 
but rich in tantalic acid, contained 2 per cent, of samaria, whilst the proportion of 
gadolinia was less than usual, (v) The presence of thoria in columbates also seems 
to depend on the presence of titanic acid, since if titanic acid is absent or present in 
small proportions, thoria is also absent. 

(1. Ebcrhard reported that minute traces of scandia and the rare earths arc 
present in many of the commoner rocks and minerals. W. P. Headden found that 
up to 0 03 per cent, of rare earths were present in the yellow phosphorescent variety 
of calci/e from Colorado; and W. Crookes observed yttria in caleite. J. Humphreys 
found up to 0 5 per cent, in one or two phosphorescent varieties of fvorspar, and 
traces of yttria are usually contained in fluorspar. G. Eberhard observed quite 
appreciable quantities of rare earths in cassUerite, and in wolframite. Thus, a 
specimen of wolframite from the Erzgebirge contained over 0'4 per cent, of rare 
earths, over half of which was scandia. 

O. Woitachach reported traces of ceria and 3 47 per cent, of yttria earths in zircon 
from Schwalbenberg; H. 8 . Washington, 2-67 per cent, of ceria in aeginle from Rockall; 

T. Scheerer, 0-34 per cent, of yttria in mcdacone from Hitterd; and W. J. Knowiton, 

1 '40- 2’24 per cent, of rare earths in malacono from Rookport, Massachusetts. A. E. Norden- 
ekjbld found 1-39 percent, of rare earths in thorite from Arendalj W. E. Hidden, and 
J. B. Mackintosh, 6-69 per cent, in thorite from BluSton, Texas; and W. E. Hidden, I'O 
per cent, of yttria in thorite from Landbb, Norway. Up to 2-70 per cent, of ceria earths, 
and 10-22 per cent, of yttria earths were reported m uraninite and pUchblmde hy G. Lind- 
Btrdm, C. W. Blomstrand, W. E. Hidden, and W. F. Hillehrand ; 2-86 per cent, of ceria and 
10-34 per cent, of yttria earths in cieveiU were reported by A. E. Ncwdenskidld, up to 0-46 
per oent. of ceria, and 4-27 per cent, of yttria earths in briggerite were reported by W. C. Blom- 
strand, W. F. Hillehrand, and K. A. Hofmann and W. Heidepriem j and 11-22 per cent, of 
yttria earths in nivenite were reported by W. E. Hidden. Up to 0-48 per cent, of ceria, 
and 4-483 per oent. of yttria earths in eotumbite were reported by R. Hermann, T. Bromra 
and H. Rose, F. P. Dunnington, and F. A. Genth. 0-06 per cent, of ceria earths were found 
in wOblerite by W. 0. Brdgger. The zirkelits of Sao Paulo was found by G. T. Prior to 
have 2-52 per oent. of ceria, and 0-21 per cent, of yttria earths. T. Scheerer found 6-0 per 
oent. of ceria earths in opatile from Snarum, Norway, and R. Weber and G. Rose, 1-79 per 
cent. T. t. Phipwm reported 0-10 per cent, of yttria in pyroliuite ; 0. U. Shept^, 0-86 
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per cent, of yttria earibi m donburUt from Danbary» CoimeetJcut; T. Tborason» 3'ft7 per 
cent, of ceria earths in dtwtyhite or from Emmont; W. F. Hillebrand, 0*89 per cent, 

of ceria, and 1*62 mr cent, of yttria earths in a manganese rpidott from South Mountain, 
Pennsylvania; R. Heacnann, and C. Bergemann, 2’(V'6'08 per cent, of ceria earths in felspar 
from Arendal ; 0. Rebufiat, 3'45 per cent, ceria and 1*23 per cent, yttriaearths in guartnUe from 
Vesuviusi R. Hermann, 2*0 percent, of ceria earth in hgpotclen'ie (albite) from Arendal; 
H, Trenkler, 0*03 per cent, of ceria earths inpAono/t/cs, from S(>itEberg, Bohemia; L. P. Lyoh« 
nell, l*2&-2‘24pen»nt. of ceriaeartlis in serpcnttne from Norl^rg, Sw^en; J. R. Stroheckor, 
12*8 to 14‘28 per cent, of ceria and 1-7 per cent, of yttria earths in rlay from Hainstadt; 
T. Thomson, 25 95 per cent, of ceria earths from Suland, Norway; C. G. Mosander. 0*58 
per cent, of rare earths in (Htmite from Egersund, and A. Oossa, 2*30 per cent, in titanito 
from Biellese; J. Renwick, 12*32 per cent, of ceria earths in torrelftc (probably allanite) 
from Sussex Co., New Jemey ; G. Bodenbender, 0*54 per cent, ceria earths in the biitnuth- 
spar from the Argentine; W. F. Hillebrand, 0*30 per cent, ceria in uyomingUe, and 0*11 
per cent, in fnadupite ; and F. A. Genth and S. L. Penfleld, 2*48 per cent, of ceria uid 47*68 
per cent, of yttria earths in a calcium fluoride from El Paso, Colorado. 

Many of Hie rare earths are present iii the sun and stars ; thus, J. Lunt identified 
the spectral lines of europium in solar and stellar spectra; and H. A. Rowland 
mentioned the occurrence of the spectral lines of yttrium, lanthanum, neodymium 
(but not jiraseodyinium), cerium, and erbium in the solar 8}H‘ctrum- vide the spectra 
of the individual earths. In view of the very wide distribution of the rare earths in 
the mineral kingdom, it would be natural to look for evidence of the occurrence of 
these elements in the vegetable and animal kingdoms. G. Tschermak found 10 
per cent, of rare earths in the ash of a coal from Kutais, Caucasus; and smaller 
quantities, in the ashes of many plants. W. Crookes, and A. Cossa detected 
the rare earths in the ashes of rice, and tobacco. These earths also occur in the 
human body as shown by the fact that W. Crookes, and A. Cossa detected the rare 
earths in bones; and, added W. Crookes, “ gorgoniie of the species mdiiheea 
and mus$a sinuosa undoubtedly remove from sea water not merely lime, but also 
yttria; and other recent corals, pocillopord damicornis and a symphyllia close to 
the yttria-secretiiig mussa, separate samaria from sea-water.” 
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U.8. Oeol. Sur., 7B. 43,1891; F. A. Genth, Froc. Acad. Philade^ia, BO, 1889; F. P. Dunninstoo, 
•6., 100,1882; Amer. Chem. Joum., 4 . 138,1882; A. E. Nordenskidld, Oeol. FBr. F6rh, Sloelmofm, 

8. 226, 1876 ; 4. 28, 1878; C. W. Blomstnmd, Joum. prakt. Chem., (2), 80. 191, 1884; Oeol. 
f6r. Fdrh. Stockholm, 7. 59,1883 ; G. Lindstrfim, ib., 4. 28.1878; H. S. Washington, Joum. CM. 
Soc., 70 . 300, 1914; L. P. LychneD, Svenka Akad. Handl., 175, 1826; C. G. Mosander, ib., m, 
1829; Fogg. Ann., 19. 219,1829; H. Trenkler. Tsekermak's MiU., (2), 90.120.1901; K. A. Hof< 
maan and W. H^epriem, Ber., 84. 914, 1901; T. Bromeis and H. Rose, Fogg. Ann., 71. 168, 
1846; C. Bergemann, s5., 106. 121, 1858; R. Hersumc, Joum. prakt. Okem., (1), 38 . 128,1846; 
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(t),46. 300,1849; R. Weber and 0. Roae, »&., (1), 83. 160, 1890; J. R. Strohecker, f6., (2), 88. 
132,1880 ; 0. T. Prior, Min. Mag., 11,180,1897; T. Thomson, TAorntfon’*A 332, 1836; 
T. L. Phipson, BvlL 8oc. Chim., |2), § 6 . 9,1870 ; t). Rebuffat, Bend. Soc. Ing. Napoli, 1,1894; 
T. Thomson, Outlines of Mineralogy, London, 1836 ; J. Renwiek, ilmer. Journ. Science, (1),8. 192, 
1824 { i4n». New York Lyctnum, 1. 37, 1824. 


§ 4. Fractional Precipitation, tuid Fractional Crystalliaation 

When an acid is allowed to act upon a mixture of two bases, or a base upon a 
mixture of two acids, the ratio in which the acid divides itself between the two bases, 
or the base between two acids, depends not only upon the relative masses of the sub¬ 
stances taking part in the reaction, but also upon the specific affinities acting between 
the different substances. It is assumed that the amount of single base (or single 
acid) is not sufficient to precipitate the twoacidsfor two bases) present in thesystem. 
In the same way, when a substance is added to a mixture of two or more salts of 
different metals, the relative amounts of salts decomposed depends upon the relative 
masses and specific affinities aeting between the components of the system. Let 
only suffieient C be added partially to precipitate A and B, and let the soln. originally 
contain a mols of A, and fi of B; let z and y denote the amounts of A and of B 
precipitated at the end of a certain time t, then, a—x of A, and b—y of B, will remain 
in soln.; further, let z denote the amount of C required for the precipitation of x 
of A, and y of B, and lot c denote the amount of C added to the soln. at first. The 
velocity of precipitation of A and B will be dxldt=ki(a—x)(c—z) ; and dyidt 
—h^t)>—y)(,c—z), respectively. By division, and integration in the usual way : 
i, _log o-log (a-z) / = _?Y' 

i, log 6—log (h—y)' y a' \ 6/ 

which gives the relative amounts of precipitates formed in terms of their affinity 
coefficients. 

E. J. Mills ' and co-workers have studied the fractional precipitation of a mixture 
of sulphates of different metals by means of sodium hydroxide and sodium carbonate. 
When sodium carbonate is added to a soln. containing mixtures of nickel and 
manganous sulphates, the value of is 0 34, or k^=2 Hki. This means that 
manganese sulphate “ resists the decomposing action of sodium carbonate with a 
force 2'94 times greater than nickel sulphate, when both salts arc simultaneously 
subjected to the action of the same agent.” If the original soln. contains 
MnSO,; NiS04=2'94:1, and a very small fraction be precipitated, the precipitate will 
contain equal weights of the eq. of the two sulphates; or, if the soln. contain equal 
weights of the two salts, the precipitate will contain the eq. of MnSO,: NiS04= 1:2 94. 
It is therefore concluded that the mote k, exceeds kj, the less will A tend to accumu¬ 
late m the precipitate ; and the mote I-j exceeds k^, the more will A tend to 
accumulate in the precipitate. In the fractional precipitation of salts, a process 
commonly employed in the separation of the rate earths, the mixed metallic salts 
may be precipitated as nitrates, oxalates, etc. The mixed precipitate is redissolved, 
aud again partially precipitated. By many repetitions of the process, it will be 
obvious that the element with the greater value of k will tend to accumulate in the 
precipitate, and the other element in the filtrate. In this way C. 6. Mosander * 
separated the sonstituents of the gadolinite earths; 0. A. von Welsbacb, praseo¬ 
dymium and neodymium from the cerite earths ; W. Crookes, the constituents of 
the ^tria earths; etc. 

When ij is nearly equal to k., the ratio of the quantities of A and B 
in the precipitate will be nearly the same as in the soln., and the process of fractiona¬ 
tion will be a prolonged operation. This would be the case with the precipitation 
of a mixture of nickel and cobalt sulphates by means of sodium hydroxide, for 
E. J. Mills and J. J. Smith find that k, : kj—0 97 ; 1. Hence, the precipitate from 
a soln. containing equal weights would contain the eq. of C0SO4: NiS04=l: 0'97. 
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In the limiting cnee, when ki^k^, the ratio of A to B in the precipitate will be the 
same as in the soln., and the ronstituenta of the soln. eonld no more be separated by 
fractional precipitation than two liquids boiling at the same temp, could be separated 
by fractional distillation. J. C. G. de Marignac tried to prove that some common 
substances were homogeneous compounds by showing that fractional precipitation 
gave no indication of heterogeneity ; but no separation would ncciir if the substance 
really did contain two components for which Iq -=1'^, very nearly. 

A little work has been done upon the subject by H, Debus on the fractional precipitation 
of mixtures of barium and calcium hydroxide by a soluble carbonate ; by A. Chizynsky, 
upon the precipitation of mixtures of magnesium and calcium ohloridca by ammonium 
phosphate ; by K. von Chroustchoff, upon the composition of the precipitate from a mixture 
of strontium and barium chlorides after the addition of potassium sulphate, or mixtures 
of soluble sulphates and chromates, and soluble iodates and sulphate, by means of barium 
chloride ; and by F. W. Krister and A. Thiel, of the precipitate from a mixture of potassiunr 
bromide and potassium thiocyanate by the addition of silver nitrate. A. Findlay studied 
the distribution of lead between sulphuric and hydricdic acids ; R. Salvodori, lead between 
sulphuric and carbonic acids. The experiments of T. Paul, F. W. Krister and A. Thiel, 
and of A, Heintz furnish studies in the sei>aration of the non-volatile organic acids. 

In the chemical fractionation of a mixture of earths, W. Crookes separated the 
different components, more or less incompletely, by performing a chemical operation 
in an incomplete manner so that only a certain fraction of the bases was separated. 
As a result, he obtained part of the material in the insoluble and the rest in the soluble 
state. Suppose that two earths are present differing almost imperceptibly in their 
basicity. 

Add to the very dil. soln. dil. ammonia in such amount that it can precipitate only half 
the bases present. The dilution must be such that a considerable time elapses before the 
liquid begins to show turbidity, and several hours will have to ela|)se Iroforo the full effect 
of the ammonia is complete. On filtering we hove the earths divided into two parts, and we 
can easily imagine that now there is a slight difference in the basic value of the two [mrtions 
of the earth ; the portion in soln. being, by an almost imperceptible amount, mom basic 
than that which the ammonia has precipitated. Iliis minute differonce is made to 
accumulate by a systematic process until it becomes perceptible by a chemical or physical 
test. 

Other means may be employed -c.y. fractional precijiitatioii with oxalic acid, 
formic acid, nitric acid, etc. The operations are analogous to the separation of 
members of a homologous series of hydrocarbons by fractional distillation. When 
the earths appear in the, same proportion in the soln. and in the precipitate thrown 
down by ammonia, the precipitated earths are worked uji by some other process 
so as to alter the ratio between them, when the previous operation can be 
again employed. According to W. Crookes, there are three methods of operating. 

(i) In one process, one-third the cq. quantity of ammonia is added; then, after 
the precipitate has quite settled, it is filtered, to the filtrate one-third more ammonia 
is added, and the precipitate is again filtered off. The remainder of the bases present 
ate then fully precipitated. In this way the earths are divided into three parts, 
which may be designated —1,0, and +1. Each of these lots is then treated as just 
described, and the thirds ate added to the vessel on each side. This plan is rapid 
in the actual separations, but probably more time is spent in the extra filterings 
and washings than is saved in the lessened number of operations. 

(ii) C. G. Stokes recommended the following process: “ Suppose the filtrate to 
travel to the right and the precipitate to the left. Taking the contents of any bottle, 
precipitate two-thirds of the whole, and advance the filtrate two places to the right 
and the precipitate one place to the left, and so on. Theoretically, this is the best 
way to operate, and I have carried on several long series with much success by its 
means. There is, however, a disadvantage, in that the precipitate is twice as muoh 
as the earth in soln.; and the largest part of the operation is the feeding of the filters. 
The reason for the selection of the two-thirds proportion is as follows : 

** Suppose two earths, o mols. of A and 6 mola. of B, are in soln. The tendency dt any 
moment to pracipitotioa under given conditions Is such that the proportion of the number 
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ofmols. of A to that of B, which goes down, uthatof ait,: U,, where K and it| are constants 
whose reciprocals may be considered as representing the specific affinities of the earths 
for the aciA Then if x and y are the numbers of the A and B mols. which have been pre, 
cipitated at a given instant 


~dx —dy 



by integration. When the difference between the pr^rtions of the two earths that are 
precipitated is a maximum, dr/a=(fy/& or x/a=y/h. The ratio of the number of mois. of 
both mnds loft in the soln., o—*+ii—y, to the total number of mole., o+h, then reduces to 


. I_ 

obi+bbi/ii'iYi-ti 

“+*' lb,**/ 

When b, and bjsre nearly equal, the earths have nearly the same affinity for the acid, and 
the ratio becomes e“*—2’7I8 . . . This means that nearly two-thirda of the whole would 
be precipitated.*’ 


(iii) W. Crookes modified C. G. Stokes’ plan in order to avoid as much as possible 
the extended manipulation by the sacrifice of a little speed : Add half the eq. amount 
of precipitant to the liquid, and after full settlement, filter. Starting with say 
1000 grms. in the zero bottle, transfer 500 to bottle —1 and 600 to bottle -|-1. Then 
add another 1000 grms. to the 0 bottle, and repeat the operations as in the following 
table: 


Noubrss ov the Bottles. 


-0 -r. 

-4 

-3 

_ 2 

-1 

0 

1 

2 

3 

4 






1000 









600 

1000 

600 







260 

600 

500 

500 

260 





126 

260 

376 

600 

375 

260 

125 



03 

125 

260 

375 

376 

376 

260 

126 

63 

31 

63 

166 

260 

312 

375 

312 

260 

166 

63 

16 31 

04 

166 

234 

312 

312 

312 

234 

166 

94 


After the seventh fractionation the 2000 grms. of earth are spread out amongst 
13 bottles in the proportions represented in the bottom line. The separation of Iwo 
earths by either of these plans is comparatively easy. The precipitation by ammonia 
depends not directly on the affinities of the earths for the acid, but rather on the 
excess of affinity of the precipitating ammonia. For if the affinities of the two 
earths are represented by 100 and 101, and that of ammonia by 150, the affinities 
on which the precipitation depends would be represented by 160—100=60, and 
160—101=49, the difference of which is 2 per cent, of the larger. 

If more than two earths are present, the above processes fail, in any reasonable 
time, to yield practically pure specimens of more than two out of a group of closely 
allied earths. Thus, if there are as many as three earths, say. A, B, and C, whoso 
positions in reference to the chemical process employed are in the order of sequence 
in which they are written, we may get a specimen of A as nearly as we please free 
from B and C, and a specimen of C as neatly as we please free from A and B, but we 
cannot get a specimen of B practically free from A and C. The law seems to be that 
to obtain •ptadioally pure specimens of three closely allied earths, it is essential to have 
recourse to at least two different chemical processes. The mere continued repetition 
of the same process will not do, unless indeed the operations are repeated such a 
vast number of times as to make the approximate expressions no longer applicable, 
even though the substances are chemically very cloee. With a greater number of 
earths the same law holds good; thus wi4 n closely allied earths to be separated, 
we must have recourse to n—1 different chemical processes, C. 6. Stokes added that 
the number of chemical processes to be employed is not necessarily n—1 when one 
process divides the n earths into groups, and another into sub-groups, for then the 
earths need not necessarily be separate one at a time. 

fnctioiiil etystallinoon with a Nptniiiic demoit.— Fractional crystalliaa- 
tiou has been discuosed in connection with the isolation of radium. An ingenious 



THE RARE BARTHS 


541 


mo<Hfication was devised by Q. Urbain and H. Laoombe > for aeparatiDg two salts 
of the rare earths, A and C, by means of a foreign salt, B, which is isomorphous with 
A and C, under conditions where the binaij mixture A and C separates only slowly, 
and where crystallization occurs with difficulty. For example, in the separation 
of the europium-samarium fraction, it is an advantage to introduce bismuth nitrate 
as the intermediary B. The solubility of the bismuth salt, B, is intermediate between 
the solubilities of europium and samarium nitrates, A and C. Fractionation of the 
mixture gives virtually pure B in several consecutive intermediate fractions; the least 
soluble f^tions consist of AB, free from C, and the most soluble fractions consist 
of BC free from A. It is then possible to eliminate the bismuth by ordinary analytical 
processes. The separation of A from C has then been accomplished by the aid of 
B, so that 0. Urbain and H. Lacombe called B, I’SIhiiftit sfparaUur—the separating 
element. 

In the mixiuzes of the double tnagnesium nitrates of samarium and europium containing 
neodymium, praseodymium, cerium, and lanthanum, the samarium ana bismuth salts 
are to a large extent miscible in the solid state, whereas the neodymium salt is taken up but 
slightly by the bismuth salt, and the praseodymium, lanthanum, and cerium salts not at 
all. Henoe, after the removal of the bulk of neodymium, praseodymium, lanthanum, and 
cerium, by ordinary methods, the use of bismuth as un tlhnfnt gfparateur rapidly eliminates 
these elements from samarium, and reduces the intermediate neodymium-samarium 
fractions to a small amount. The seiraration of europium and gadolinium is greatly 
facilitated by the use of bismuth, altliough here each salt is readily miscible with the 
separating element. G. Eberhard reported that in the separation of samarium, europium, 
and gadolinium by Q. Urbain and H. Lacombe's process, the separation of samarium and 
europiiun is quantitative ; europium may be obtained pure; samarium may be freed from 
europium ; and gadolinium may be fie^ from samarium but still containing traces of 
europium. Tlie process has been successfully used in separating gadolinium from terbium 
in mixtures containing the elements between gadolinium and celtium ; and in separating 
the simple nitrates of gadolinium, terbium, dysprosium, etc. 

Outside the rare earths themselves bismuth is the only element which has hitherto 
been found suitable for the purpose. One of the rare earths may act as I'ilimenl 
tiparateur. Thus, in the fractional crystallization of lanthanum, praseodymium, 
and neodymium double ammonium nitrates from nitric acid, the lanthanum separate* 
fairly readily at one end before the other two elements have separated to any marked 
extent. When the lanthanum has separated, the other two elements crystallize 
very slowly and with difficulty. Hence, 0. A. von Welsbach, and P, Schottl&nder 
recommended returning part of the separated lanthanum to the mother liquor and 
again crystallizing it out through a series of fractions. Here the lanthanum acts 
as a separating element, V. von Scheele found the double ammonium nitrate process 
gave better results with cerium as separating element. C. James used praseodymium 
as I’Himtnl siparaleur in mixtures of thulium and erbium bromates; and W. Feit 
and C. Przibylla, and H. Erdmann and F. Wirth used cerous magnesium nitrate as 
separating element with mixtures of the double, magnesium nitrates of lanthanum, 
praseodymium, and neodymium. C. James and D. W. Bissel found neodymium 
acted as a separating element with mixtures of gadolinium and terbium bromates— 
each of the binary mixtures—gadolinium and neodymium and terbium bromates 
BO obtained were then separated by the bismuth process, 

0. Urbain and H. Lacombe found that a mixture of rare earths rich in samarium 
and gadolinium with much of the yttrium group does not crystallize when the 
magnesium nitrate process is used. The yttrium elements do not form double 
magnesium nitrates. By adding bismuth salts from time to time to the soluble 
fractions, it is possible to make the bismuth salt accumulate at the less soluble end, 
and carry with it practically all the samarium and ^olinium. 

The contrdling ol the pracren o! becthnuiaoiii.— In fractional o^rationait 
is necessary to find how the separation is proceeding, and when a direct element test 
is not available, as is usually the case in rare earth separations, a method dependent 
on some physical property is employed. Prior to the introduction of the speetto- 
scope, about 1860, the determination of the mean equivaUtU might was the sble 
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method availMe for controlling the fractions of the rare earths. This is effected bv 
converting the oxide into sulphate as employed by J. F. Bahr and R. Bunsen < etc 
by converting the sulphate into oxide as employed by 6 . Urbain, by converting the' 
oxalate into oxide as employed by B. Brauner; and by volumetric methods, say bv 
dissolving a known weight of oxide in an excess of sulphuric acid, neutralizing the 
excess of aoid, precipitating the earth with an excess of a standard soln. of oxalic 
acid, and titrating the excess of oxalic acid with standard permanganate. This 
process was used by G. Kriiss and A. Loose, W. Feit and C. Przibyila. In the 
calculations the oxide is assumed to be B 2 O 3 except in the case of mixtures containing 
ceria, thoria, terbia, and praseodymia when the method breaks down. 

The absorption spectra of soln. with a fixed acid radicle are useful. The reflected 
light from oxides furnishes a characteristic absorption spectrum called a reflection 
spectrumA K. A. Hofmann and G. Bugge, A. Wagner, and G. Urbain obtained good 
results by this method. The spark spectra , * the arc spectra; and the phosphor¬ 
escent spectra, produced by a stream of cathode rays, arc employed.'' The phosphor¬ 
escent spectra have been studied by W. Crookes, G. Urbain, etc.; they are of limited 
appUcation in following the course of a fractionation, but this spectrum furnishes a 
delicate test of the purity of a substance. The measurement of the magnetic 
susceptibility of a mixture of rare earths by means of the magnetic balance of, say, 
P. Curie and C. Cheveneau,^ occupies a few minutes, and the property being strictly 
additive, has been employed to control fractionations by G. Urbain, R. J. Meyer and 
H. Goldenberg, etc. 
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§ 5. The Qeneral Separation of the Bare Earth Group into Chemical 
Individnala 

The rare earths form a group to theinselvea ; chorniwlly, they are so much alike that it 
taxes the utmost skill of the chemist to effect even a partial separation, and their history is 
so obscure that wo do not yet know the number of them.- - W. Crookes. 

The extraction of most of the individual members of the rare earth elements 
from minerals is a very laborious operation, but the separation of the group from 
foreign elements is comparatively easy. The jrarticular mineral selected for treat¬ 
ment is determined by the element which is in quest. When the proportion of the 
desired earth contained in the available mineral is small, it is of course necessary to 
treat with rather large quantities of raw material. Thorium for gas mantles is 
extracted on a large scale from monazite sand, and cerium for pyrophoric alloys is 
extracted from the residual salts. The residues were worked up by C. .lames | for 
yttria earths, and they furnished samarium, gadolinium, euro])iuni, terbium, 
dysprosium, and holmium. Monazite sand is also a convenient source, of cerium, 
lanthanum, praseodymium, and neo<lymium. According to C. H. Bbhm, commercial 
cerium oxalate, and cerium oxalicum niedicinale are monazite residues, and when 
calcined, give mixtures containing about 50 per cent, of cerium. Terbia is best 
obtained from xenotime, euxenite, samarskite, and some columbatcs; and gadolinite 
is rich in yttria and ytterbia. 

The first operation is to open up the mineral so that the desired constituents can 
be brought into soln. The elements so far as the hydrogen sulphide precipitates are 
removed in the usual manner. The rare earths are separated from the other elements 
by taking advantage of tbe insolubiUty of their oxalates in dil. mineral acids. 
E. Rimbach and A. Schubert, and R. Brauner have studied the solubilities of some 
of the rare earth oxalates. Table VIl represents the solubilities in water, in soln. 
of ammonium oxalate, and in A^-sulphuric acid. 


Table VII.— Solubilities of the Rake Eabtii Oxalates. 


Oxalate. 

Water 

grm. per litre. 

*Xuiiikntiium oxalate. 

One gram of oxalate Id 

3S griua. of water 
tlliutolvea Krm. 

Ltantbanum 

000062 

000023 

Praseodymium 

0*00074 

000026 

Neodymium 

0-00049 

0-00034 

Cerium 

0*00041 

0-00042 

Yttrium 

000100 

0-00266 

Ytterbium . 

0*00334 

0*02437 

Thorium 

■ 

0-62000 


Normal sulphuric oeld. 
UnnH, o{ BBbydroui 
oxaUte per ittre. 


‘2'60 

1-23 

100 

1*04 


0*190 


Other determinations have been made by R. J. Meyer and 0. Hauser. The oxalates 
arc slightly soluble in dil. mineral'acids, and the solubility increases with the cone, 
of tbe acid and with temp. Observations have been made by 0. Hauser and 
F. Wirfli, E. J. Meyer and A. Wassjuchnoff, and B. Brauner, The results of 
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F. Wirth are illustrated in Figs. 3 and 4. In Table VIII, the solubility represents 
grams of anhydrous oxalate in 100 grass, of sat. sola, at 26°. Excluding the erbium 






--1_1_I I I I I I 

/torntWy of acid Normality of acid- 

Fio. 3.—SoIubUities of Some Rare Earth Fia. 4.—SoIubUities of Cerium. Neodymium, 
Oxalates m Sulphuric Acid at 25 . and Scandium Oxalates in Sulphuric and 

Hydrochloric Acids ftt 26^ 


Table VIII. —Solubiutv or the Rare Earth Oxalates in Sulphobio Acid. 


RiCC'iOiIj.hHjO 


tf-HjSOj 

1 1 

A -Co 
n-10 

11-Nd 
n-lU 

R-Sa 

n-io 

A-Od 

n-lO 

A-y 

n~U 

A-Kr 

n-15 

0-10 

00208 

0-0130 


0-0058 




0*60 

00979 

0-0624 

0-0330 

0-0313 




1-00 

0*2383 

0-1140 

-- 

0-0627 

_ 



1-446 

— 

0-1764 


0-1114 

_ 



1-60 

0-3190 







2-00 

0-4417 


0-1872 

_ 


• _ 


2-16 



-- 


0-1883 

0-362 

0*329 

2-39 

— 

0*3083 

— 

0*1914 




3*11 

3*20 

0-7632 


“ 


0-3010 

— 

0-493 

3-90 

— 

0-6300 


_ 




4-32 

— 

— 

_ « 

0-4369 

0-4369 

0-7236 

0*704 

8-00 



0-6603 



<» 



oxalate curve, the more basic the rare earth, the greater is the solubility of the 
corresponding oxalate in the acid. The solubility in hydrochloric acid is greater 
than in sulphuric acid. Thus, B..J. Meyer and 0. Hauser give for the number of 
grams of anhydrous oxalate per 100 grms. of soln. with N-hydrochloric acid at 25°; 


N- 

Oe 

Nd 


0125 0-25 0'6 10 

0 0161 0 0848 0 0812 0’1974 
— — 00270 0-0782 


1-5 2-0 8-0 4-0 5-0 

0-356 0-582 0-977 1-655 — 

— 0-338 — — 1-721 


Steandtum oxalate is more soluble in aq. sulphuric acid than in aq. hydrochloric acid • 

88.206, results are shown in Fig. 4. Like thorium and scandium oxJates, but nnlilr. 
76 oxalate, the oxalates of the rare earths are but very sparingly soluble in 
1880 ; 70. oxoho Aoidf and the addition of oxalic acid reduces the solubilities of 
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them oxalates in the minetal acids. 0. Hanter and F. Wirth give for the solubilitiei 
of the oxalates in a mixture of sulphuric and oxalic acids, expressed in grams oi 
. anhydrous oxalate per 100 grms. of soln., at 26°, the results shown in Table IX. 

Tabus IX. —Solvbiuties or Some Bark Earth 0xai.ate8 in Mixtcrks or Sulpbcric 

AND OXAUC Arios. 


A'-HjSOj 


1 l>a oxalAle 

Ce oxaUto 

1 8m oxiLl«t« 

006 1 

006 


0-0030 


006 

0-05 1 

0 0030 

(0-0026) 

0-0009 

0*25 

0-26 1 

00090 

0-0046 

__ 

0-25 1 

0-50 

0‘0069 

_ 

__ 

0-60 

0-05 ; 

00334 

0-0106 


0‘50 I 

1 0-60 ; 

0-0090 

(0 0010) 

0-0010 

0‘90 

0-60 I 

0-0138 


00032 

MO 

0*60 i 

0-0203 


0-0042 

1-44 1 

0*60 1 

0-0293 


0-0067 

1-70 1 

0-60 1 

0-0360 

. ~ i 

0-0080 


With more cone, acids, the solid phase changes and, as A. Job has shown, mixed 
oxalates—oxalato-chlorides, oxalato-nitrates, oxalato-sulphatcs, etc.—may be 
formed; or the oxalate may be converted into chloride, nitrate, sulphate, etc. 
The oxalates of the ceria earths are almost insoluble in soln. of the alkali oxalates, 
those of the yttria earths are perceptibly soluble. The order of increasing solubility 
of the rare earth oxalates in soln. of ammonium oxalate—Table VII.—is approxi¬ 
mately in the order of the decreasing basicity of the corresponding oxide. Soln. 
of ammonium and potassium oxalates are better solvents than soln. of sodium 
oxalate for the yttria earth oxalates. The solubility of the rare earth oxalates is 
connected with the formation of complex oxalates several of which have been 
isolated. The whole, of the third analjdiical group of elements, including the rare 
earths, can be removed from the soln. filtered from the hydrogen sulphide pre¬ 
cipitate by treatment with ammonia; or, the rare earth group can be separated 
from the filtrate of the hydrogen sulphide precipitate, or from the acid soln. of the 
ammonia precipitate by treatment with oxalic acid. Zirconium oxalate is fairly 
soluble in oxalic acid and in mineral acids, so that it remains in soln. The thoria is 
then to be separated from the residual rare earths, and the rate earths fractionated. 

The opening up of the mineral. —The minerJl is very finely powdered. It may 
or may not bo soluble in hot hydrochloric acid or in hot sulphuric acid. For- 
example, cerite, allanite, gadolinite, thorite, and yttrialite arc decomposed by treat¬ 
ment with hydrochloric acid; and cerite, allanite, asschynite, gadolinite, xenotime, 
yttrotitanite, thorianite, and monazite arc decomposed by sulphuric acid. With 
eeschynite, 6. Urbain 2 recommended heating the finely powdered mineral until the 
excess of acid was eliminated, and after treatment with ice-cold water, allowing 
the liquid to stand for 24 hrs., and decanting the clear liquid from the residual 
titanic, columbic, and iantalic acids. The liquid was treated with ammonia, and 
the washed precipitate boiled with cone, nitric acid for some days, adding more 
acid from time to time to make good the loss by evaporation. The liquid was 
allowed to stand for several days, and the cleat portion decanted from the last traces 
of titanic, columbic, and tantalic acids. With monazite sand, the excess of sulphurio 
acid should not be expelled so as to keep the phosphates in soln. when water is 
added. 6. Urbain recommended decomposing monazite by fusion with sodium 
carbonate. In the case of fergusonite, euxenite, polycrase, samarskite, and 
yttrotantalite, the mineral is to be fused with sodium hydrosulphate, or sodiunt 
pyrosnlphate, and the cold cake taken up with acid. L. F. Nilson and 0. Ktiiss 
used the potassium salt, but it is better to use the sodium salt, because the former 
gives sparingly soluble complex salts under conditions where the salts given by ths 
VOL, V. 2 M 
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latter are freely soluble. The temp, is raised padnally to avoid loss by spurting. 
The fusion temp, is kept as low as possible in order to avoid the formation of 
sparingly soluble basic sulphates. C. James decomposed euxenite by heating it 
with an excess of sulphuric acid. Some of the columbates—e.p. sipylite—the 
tantalatcs, and the titanates are best decomposed by fusion with sodium hydroxide, 
and the cold cake taken up with acid. 

H. E. Roscoc, J. L. Smith, and W. Gibbs found that it is possible to decompose 
minerals like fergusonite, euxenite, polycrase, samarskite, and yttrotantalite by 
treatment with hydrofluoric acid. The rare earths then remain as insoluble fluorides 
which can be brought into soln. by decomposition with sulphuric acid. If the 
fluorides be washed with dil. hydrofluoric acid, M. Delafontaine showed that 
columbium, tantalum, tungsten, and zirconium fluorides pass into soln. W. B. Hicks 
found that the mineral columbates, tantalates, titanates, etc., are decomposed by 
heating in a stream of sulphur chloride, S 2 CI 2 ; the chlorides of columbium, tantalum, 
titanium, tungsten, etc., are volatilized, while the chlorides of the rare earth metals 
remain. Good results were obtained with samarskite, fergusonite, rcsehynite, and 
euxenite. J. Barlot and E. Chauvenet also obtained good results by using carbonyl 
chloride in place of sulphur chloride. 

The isolation ol the rare earth group. -The acid soln. of the mineral or cold cake 
resulting from the fusion is taken up with water or dil. acid, and evaporated to 
dryness. The re3i<lue is digested in acid, and the soln. boiled for a couple of hours. 
Most of the zirconia and ferric oxide dissolves, while silica, stannic, tungstic, titanic, 
columbic, and tantalic oxides, and lead and barium sulphates remain undissolved. 
The soln. is allowed to stand for some hours, and filtered. The filtrate contains the 
rare earth oxides, uranium and thorium oxides, alumina, part of the zirconium and 
ferric oxides, magnesia, the alkaline earths, and alkalies. The hot acid soln. is 
saturated with hydrogen sulphide, and again saturated when cold. The liquid is 
filtered and boiled to expel hydrogen sulphide. Simplifications can be introduced 
when the composition of the rare earth material permits. The soln. containing the 
rare earths, aluminium, zirconium, uranium, etc., hydroxides or phosphates is treated 
with a slight excess ol oxalic acid. The precipitated oxalates separate in a colloidal 
form, which includes some of the mother liquor. One portion of the oxalic acid 
should be added first, and before adding the remainder of the acid, the precipitate 
should be vigorously shaken until it assumes the crystalline form. The crystalline 
precipitate can be easily filtered and washed. The yttrium, cerium, and thorium 
oxalates are precipitated, while zirconium, aluminium, iron, and uranium remain 
in soln. According to 0. Hauser,^ the presence of uranyl salts makes the cerium 
oxalates very soluble, unless a great excess of oxalic acid is added. The chief 
source of difficulty is a fact that the acidity of the soln. requires careful adjustment, 
or appreciable quantities ol the cerium, yttrium, and thorium oxalates will pass 
into soln., or else the precipitate may he contaminated witlrzirconium oxalate. 
The conditions for successful work with ceria have been investigated, but not for 
yttria. The best results are obtained when the ammonia precipitate is dissolved in 
\-N to JN-hydrochloric acid—about 50 c.e. of acid are required per gram of the 
earths. Add 40-60 c.c. of a 10 per cent. soln. of oxalic acid, and keep the soln. at 
about 60° for about 12 hrs. The precipitate is washed with warm water. The 
precipitate can be calcined to convert the oxalates into oxides. The precipitated 
oxalates are usually contaminated with small quantities of iron, aluminium, and 
calcium oxalates and phosphates. The precipitate is then digested with fuming 
hydrochloric acid, on a water-bath, and a reprecipitation made with oxalic acid. 

tnte removal of thoria from the nie earths. —The washed precipitateof the mixed 
oxalates is digested on a water-bath with cone, nitric acid (sp. gr. 1'4) and one drop 
of ^N-ptassium permanganate, which accelerates the rate of dissolution by the 
nitno acid is added. The dish should bo covered with a clock-glass to prevent loss b^ 
spurting. The oxalates will be decomposed in a short time. The excess of acid is 
removed by evaporation. The mixed oxalates can also be converted into carbonates 
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by heating them with a 10 per cent. aoln. of sodium carbonate, and a little sodium 
hydroxide to precipitate any of the thorium which might pass into soln. The 
washed precipitate is then dissolved in hydrochloric acid. Several methods are now 
available for removing the thoria. (1) The hyirogen peroxide process, studied by 
G. Wyroubof! and A. Vernenil,^ P. T. Cleve, L. de Roisbaudran, etc., is based on the 
fact that all the thorium separates as peroxyhydroxide, ThfOHljlO.OH), a white 
voluminous precipitate, when a soln. of the nitrate is treated with hydrogen peroxide. 
The procedure recommended by G. Wyrouboff and A. Verneuil is as follows ; 

Barium peroxitie is stirred into a eono. acid soln. of the rare earths a little at a time 
uhtil tlie clear liquor no longer gives a |)recipitate with cone, hyfirogi'n i^'roxide. The 
nitrate contains rare earths free from thonum, the precipitate contains tliorium mixed with 
20 -30 per cent, of the rare earths. The washed precipitate is dissolved in cold hydrochloric 
acif), and the harium removed by adding a slight excess of sulphuric acid so that the tillered 
soln. does not contain over 15 per cent, of free acid. Oxalic acid is added, and the pn*> 
cipitated oxalates are washed and treated with a very cone, ammoniacal soln. of ammonium 
carlionate. Thonum oxalate passes into soln. togethor with about 7 per cent, of the rare 
earths, llio precipitate of rare earth oxalates is free from thorium. The cold filtrate is 
treated with sodium hydroxide, and the washed prei’ipitate dissolved in the minimum 
quantity of nitric acitl, hiuI the thorium precipitated hy ad<ling an excA'ss of hydrogen 
jieroxide. The filtrates containing rare earths are united and preciffitated with oxalii* acid 
m a slightly acid soln. ; the precipitates of the rare earth oxalates are collected together. 

Among other methods for separating thoria from the rare earths there is (2) 
J. J, Chydenius* thiosulphate process,^ in which a boiling dil. soln. of the chlorides 
is treated with an excess of a cone. aoln. of sodium thiosulphate. Basic thorium 
thiosuli>hate. is precipitated in a flocculent mass which, after standiitg about 12 hrs., 
is easily filtered and washed. The precipitate with its filter-pajier is digested in 
cone, hydrochloric acid, and again treated with the thiosulphate so as to get rid of 
all but a trace of ceria which contaminated the first precipitate. (.3) J. F. Buhr's 
(luunouiHin oralafe process.^ Thorium oxalate is somewhat soluble in nearly neutral 
soln., of ammonium oxalatfi, and if a large excess of ammonium oxalate be used, 
thorium may not be precipitated at all; but an excess is necessary to keep the 
zirconium oxalate in soln. Hence, some thorium may escape precipitation, and, 
if not separated, will, later on, appear with the zirconium precipitate. C. Glaser, 
therefore, recommended adding cone, hydrochloric acid to the boiling filtrate. On 
cooling, insoluble thorium oxalate is precipitated. The zirconium oxalate is soluble 
in the oxalic acid liberated by the action of the hydrochloric acid. The process may 
have to be repeated several times, becau.se even witli 0. Glaser’s improvement the 
separation is not sharp, for notable quantities of the rare earths—particularly the 
yttrium oxalates—pass into soln. As previously stated, 0. Hauser added that 
should uranium be present the solubility of the cerium and lanthanum oxalaitjs 
is increased, and the precipitation will be imperfect unless a very large exei'ss of 
oxalic acid is present. 

T. 0. Smith and C. Jamos,’ and 0. Knofler rtxionunendod scbacic acid m a precipitating 
agent for thorium ; W. B. Chles, lead carbonate eerie salt is also precipitated, and to 
prevent this, the ceric salts should be reduced to eerous salts by sulphur dioxide; L. M. Dennis 
and F. L. Kortright, T. Curtius and A. Darapsky, and (J. Wyrouboff and A. Verneuil, sodium 
azide; F. J. Metzger, fumaric acid ; A. C. Neish, and A. Kolb and H. Ahrle, metanitro- 
benzoic acid; T. O. Smith and 0. James, pyrotartarie acid ; H. J. Moyer and M. Speter, 
iodic acid ; R. J. Carney and £. D. Campbell, pyrophosphoric acid; M. Koss, A. Rosen> 
heiro, and F. Wirth, sodium hypopho^hate; F. OoreUi and G. A. Barbieri, and C. K. Bdhm, 
salicylic acid; W. Muthinarm and E. Baw, potassium chromate ; L. de Boisbaudmi» 
copMr and cuprous oxide ; C. R. Bohm, acetic aA>id ; R. Chavaatelon, H. Grossiimim, and 

A. Batek, sodium sulphite: and F. J. Metzger and F. W. Zone, ammonium molyb^ts. 

B. L. Hartwell, and A. McM. Jefferson studied the precipitation of thorium in the presence 
of the rare earths by quinoline, aniline, and other aromatic bases. 

After the above treatment the rare earth oxalates are supposed to have been 
freed from thoria, zirconia, etc. Scandia still remains. Should any thoria have 
escaped the extraction, and still pollute the rare earths, it will appear in one of the 
subsequent fractions, and if the sodium sulphate process be employed, the thorih 
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will be found in the more soluble yttria fractions. Similarly, if traces of otlier 
elements still contaminate the rare earths, they may introduce complications in 
later fractions, and lead to the premature announcement of a new element. Quite 
a long list of pseudo-discoveries has been made both in connection with the ram 
earths and in connection with other elements. The deceptio mus is the more likely 
to lead one astray because the characterietio propertiffii of ooe element may be 
suppreeeed or masked in the presence of another element, so that reactions which 
rea^ ocenr when the element is alone do not necessarily occur when the two 
elements are mixed together. For instance, W. Crookes ^ showed that titanium 
hydroxide is completely precipitated when a dil. soln. of titanium sulphate is boiled 
for some time; but if zirconium be present, there may be either an incomplete 
precipitation or none at all. The phenomenon is by no means uncommon. Thus. 
C. A. .Toy found that aluminium hydroxide is dissolved by ammonium carbonate 
soln. in appreciable quantities when beryllium hydroxide is present, but alone, the 
alumina is scarcely affected. Columbium hydroxide is completely precipitated 
if a dil. acid soln. of the chloride be boiled, but, according to L. Weiss and 
M. Landeckcr, some columbium escapes precipitation if much titanium be present, 
for “ it seems as if a soluble double chloride of titanium and columbium is formed 
and part only of the columbium separates as hydroxide.” These facta also show 
that tables of solubilities like Table VII must be used with caution. 

The resolution of the tare earths into ceria and yttria earths.— J. J. Berzelius 
and J. U. Gahn ® employed potassium sulphate as a group reagent—vide Table I— 
for separating the rare earths contained in yttrocerite into the yttria and ceria 
groups according as they are soluble or insoluble in a cold sat. soln. of that salt. 
The process was employed by many of the early workers, ,T. J. Berzelius and 
W. Hisingcr, J. C. G. de Marignac, C. G. Mosandcr, N. J. Berlin, M. H. Klaproth, 
etc. Most of the terbia group accompanies the sparingly soluble ceria group. The 
separation is not clean. The precipitate containing the double sulphates of the 
ceria earths is tainted with some of the members of the yttria earths ; while the 
filtrate contains a considerable proportion of the terbia and ceria earths—more 
particularly with neodymia and samaria because, according to 0. Bondouard, and 
G. Urbain, samarium and neodymium double sulphates are appreciably soluble in 
the presence of much yttrium sulphate, and in addition to the augmentation of the 
solubilities of the double sulphates of the terbium family, these salts are formed 
somewhat slowly. The potassium sulphate process is therefore to be regarded as a 
method of fractionation. C. James showed that if much of the neodymium be left 
in soln. only traces of the terbium and yttrium groups are precipitated. The 
yttrium and terbium earths in the filtrate are converted into double magnesium 
nitrates and fraetbnated. The crystals contain the cerium group up to neodymium; 
the mother liquor contains samarium, terbium, and yttrium. 

The separation is comluoted by gradually adding finely divided potasaium sulphate to 
a soln. of the rare earth sulphates, chlorides, or nitrates. R. J. Meyer worked with a soln, 
adiioh had just been raised to the b.p., and kept the soln. vigorously stirred by a jet of 
steam. The addition of potassium sulphate is continued until a test portion of the clear 
soln. shows but the faintest absoiqUiou sjtectrum of didymiura. Fig. 1. Tiie crystals of tbo 
oerium earth double sulphates are allowed to settle, and the soln. of yttrium earths is de¬ 
canted og. and the crystals washed with a cold sat. soln. of potassium sulphate. If the 
potassium sulphate be added until the didymium absorption spectrum has vanished, some 
double sulphate yttria earths will be precipitated with the ceria earths. Many modifications 
Itave been proposed by K. A, Hofmann, L. M. Dennis and E. M. Chamot, A, BettendorfI, 
W. Muthmann and H. RClig, L. do Boisbaudran, J. C. O. de Marignac, etc. 

M. H. Klaproth used sodium sulphate in place of potassium sulphate in his work 
on ochroite, and this salt has been employed by W. Gibbs, J. L. Smith, C. James, 
M. Delafontaine, Q. P. Drossbach, L. de Boisbaudran, C. Erk, etc. Solid sodium 
sulphate is stirr^ into a 10 per cent. soln. of the rare earth chlorides, nitrates, or 
sulphates until the didymium bands disappear. Special care must be taken not to 
use an undue excess of the sodium salt because of the formation of a sparingly soluble 



THB RAKE EARTHS 


649 


yttrium sodium snlpbate—Fig. 25. The doable sulphates of the cerium group ue 
filtered oS and washed with si^ium sulphate sola, as described below. The filtrate 
is treated for the 3 rttrium group —vide infra. 

C. James found that the sodium sulphate process does not give such good results 
if the cerium group predominates much in excess of the yttrium group. In that case, 
(1) the potassium sulphate method can be used ; (2) an excess of sulphuric acid can 
be add^; the liquid warmed so as to precipitate the bulk of the cerium group as 
sulphates, and the filtrate treated by the sodium sulphate process (G. P. Drossbach); 
(3) the bulk of the cerium group can be precipitated as double carbonates by adding 
potassium carbonate, and the filtrate treated by the sodium sulphate process 
(0. P. Drossbach); or (4) the material can bo fractionated by the double magnesium 
nitrate process of E. Demar 9 ay, whereby the terbium and yttrium groups collect in 
the more soluble portions (C. James). G. James recommended four diflerent methods 
of treatment dependent upon the composition of the crude oxalates : 

(a) If the mixture is chiefly composed of lanthanum, much cerium, praseodymium, 
neodymium, samarium, europium, and gadolinium, it should he converted into the neutral 
nitrates and hoilod with potassium bcomato and marble, as required for the separation of 
cerium— vide infra, (ft) if only a little cerium is present, the oxides should he converted 
into double magnesium nitrates, which are then fractionated, the cerium being separated 
from the fractions in which it is found to o<‘cur. (c) flhould the mixture ho composed 
of gadolinium, terbipm, dysprosium, holmium, erbium, thulium, ytterbium, lutecium, 
yttrium, and scandium, it is best to commence with the fractional crystallization of the 
bromates. (d) When the cerium and yttrium metals ix'cur together, one must commence 
with the sodium sulphate treatment. 

‘C. James' process for separating the ceria earths.~Tho precipitate obtaine<) by 
the 80 (liuin sulphate process contains cerium, lanthauum, praseodymium, neodymium, 
samarium, europium, gadolinium, and traces of terbium, dysprosium, etc., belonging 
to the yttrium family. An outline of the scheme is indicated in Table X. 


Tadlis X.— RehoIsUtion of TiiK Rare Earth SuIsTUatics insoludz.I': in a Saturated 
Solution of Sodium Sulpuate. 

Treat clilondes of rare earth wiiii sodium sulphate 


Precipitate I 
[Oe, La, Pr, Nd, i 


(Oe, La, Pr, Nd, Sa, Eu, C!d) 

Boil nitrates with KBrOaflnd CaCOu 


I Solution A 

(Tb, By, Ho, y, Kr, Tm, Yb, Lu) 




La. Pr 

Fractionate double 
NH 4 nitrates from 
nitric acid 


Pr, Nd 

Fractionate double 
Mn nitrates from 
nitric acid 


Nd 


Fractionate double Mg 
nitrates from water 

■ 1 ” 

Sa, Eu, Od, Tb 
Fractionate from 
nitric acid 


l^r fid 


Fra<;tionate with Bi, 
Mg nitrate 


Sa 


Bi 


Fractionate double 
Ni nitrates 


Transfer to dyspro¬ 
sium, Table AI 


Od.Tb 

Fractionate with Bi, Ifff 
nitrate and nitric acid 

.._J 

Transfer to solution 
A above 


Gd 


Trtmsfer to 
D, TablO'XI 




660 


«ij jhjsokjstICAL chemistry 


The leparation oJceria—Tbe double sodium sulphates are decomposed by boilnio 
with a cone. soln. of sodium hydroxide. Water is added, and the hydroxides filtered 
and washed until free from sulphates. The hydroxides are dissolved in nitric acid 
and the soln. nearly neutralized. Potassium bromate is added to the boiling soln' 
as recommended by C. James and A. L. Pratti® until red fumes of bromine appear 
a few lumps of marble are then added to keep the liquid nearly neutral. The liquid 
is boiled until a few drops of the filtered liquid fail to give the reaction for cerium 
with hydrogen peroxide. The lump marble is removed and the precipitate allowed 
to settle. The basic ceric salts are filtered, and washed with dil. nitric acid. 

The precipitate of basic eerie nitrate can be purified by a repetition of the process ; or 
it can be dissolved in cone, nitric acid by the aid of a little alcohol. Tire orange-red liquid 
is boiled with lump marble for a short time so that it does not become too alkaline. Tlie 
precipitate is filtered oft, and the soln. treated with potassium bromate to remove 
the remaining cerium. The basic salts can be further purified by dissolving the precipitate 
in hydrochloric acid, adding a slight excess of sulphuric acid, and heating. The crystaUine 
cerium sulphate which separates is washed with alcohol. 

The prelimimry separation into four fractions.—The filtrates from the basic 
cerium salts can be precipitated either in the cold, with oxalic acid ; or boiling, with 
sodium hydroxide. If a large excess of bromate has been used, much oxalic acid is 
consumed in reducing the bromate to bromine, etc. The oxalates arc converted 
into oxides by ignition, and E. Demarfay’s magnesium nitrate fractionation process 
is applied. 

Tlie oxides are dissolved in a known amount of nitric acid, an equal weight of nitric acid 
is neidralized with magnesia, and tho two soln. aro mixed. The soln. is evaporated until 
crystals begin to form when tho surface is blown. Woter is sprayed on tho eurfoce, 
and the whole is allowed to crystallize for about 24 hrs. The mother liquid is poured off, 
and further evaporamd, while tho crystals aro dissolved by heating them with a little water. 
The two soln. are allowed to crystallize so that about half the solid separates on cooling. 
Tho process is now arranged so that tho more soluble portions move in one direction, the less 
soluble fraction in the opposite direction. When the crystallization of the second series is 
complete, the liquid from the more soluble portion is poured off and again evaporated, 
while tho liquid from tho first fraction is used as solvent lor the second fraction—adding or 
evaporating water as may be necessary. Tho least soluble portion of tho first fraction is 
again diraolved by heating it with water. Tho process is repeated many times. When 
the fractions at either end liecome too small to work they should miss one series of ojlerations 
and 1.0 added to tho next lot. After a few series of crystallizations, tho least soluble 
portion becomes very light coloured, later growing nearly colourless, and finally takes a faint 
green tinge. When the fractions at this end no longer show the characteristic absorption 
bands of neodymium, they should be placed aside and mixed together according to 
the amount of praseodymium contained therein ; in other words, fractions of the same colour 
are united. If the liquid refuses to crystallize or a precipitate forms, it is best to dil. with 
water and precipitate with oxalic acid in order to separate the impurities that have accumu¬ 
lated and interfere with tho crystallization. The insoluble oxalates ore converted back 
to the double magnesium nitrates. The crystals arc inclined to carry much mother liquid. 

During the fractionation the more soluble portion changes rapidly, acquiring a 
yellow tint, and showing the spectra of samarium, dysprosium, holmium, 
and erbium. The neodymium finally becomes very weak in the mother liquor ol 
the most soluble fraction. The soln. is then set aside to be treated for samarium, 
europium, and gadolinium. Tho more soluble portion of the remaining fractions soon 
becomes an amethyst-blue colour, and it is set aside as crude neodymium. After 
fractionating for some time longer, the material will have been resolved into the 
following four groups of double magnesium nitrates—commencing with the least 
soluble: (i) Lanthanum and praseodymium; (ii) Praseodymium and neodymium ; 
(iii) Neodymium; and (iv) Samarium, europium, and gadolinium together with 
the simple nitrates of terbium, dysprosium, holmium, yttrium, etc. 

(i) Isolalion of lanthanum .—The fraction containing lanthanum and praseo¬ 
dymium can be treated by the metanitrobenzcncsulphonate or the bromate process. 
0. James recommends C. A. von Welsbach’s process involving tho fractional 
orystallization of the double ammonium nitrates. 
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The rare earths are separated from Uie double magneeium nitnttee, by adding oxalic 
acid to the aq. aoIn..of the magnesium double salU, and igniting the washed and dried 
oxalates. The resulting oxides are dissolved in the required amount of nitric acid, juid for 
every three ^rts of acid required by the oxides, two additional parts are neutralised by 
ammonia. The resulting soln. are mixed, filtered if necessary, and evaporated until small 
crystals appear when the surface is blown. A little water is sprayed on the surface 
of the hot soln. and the whole is allowed to crystallise for 24 hrs. The process of fractional 
orj'stalUsation is allowed to proceed as in the ease of the double magnesium nitrates. 

(ii) Isohifion of froieodymium. —Praseodymium is obtained from the mother 
liquor reniaiiiing after the separation of lanthanum, and from the second fraction 
of the double magnesium nitrate process. The fractionation of the double 
ammonium nitrates is continued until no more lanthanum ammonium nitrate 
separates at the less soluble end of the scries. The praseodymium accumulates at 
the more soluble end of the series. The mixture of praseodymium and neodymium 
magnesium nitrates is then treated by H. Lacombe’s proc'ess involving the fractional 
crystallization of the double manganese nitrates from dil. nitric acid. 

The rare earth oxides are extracted from the magnesium double nitrates tw iadioaUHl 
above. The oxides are dUgolve<l in nitric acid, and on equal amount of nitric acid is 
neutralizt'd by manganese carbonate. Any |>eroxidc remaining undissoivcd can bo brought 
into soln. by tho addition of a few drops of dil. oxalic acid soln. to the hot double nitrates. 
The manganese double salts are crystollized from nitric acid having a sp. gr. 1'3. 

The fractionation is continued until the spectrum of neodymium disappears, even 
when a cone. soln. is examined in thick layers. The double ammonium or manganese 
nitrate is then dissolved in water and precipitated with oxalic acid. The oxalate 
is free from the other rare earth metals excepting perhap.s a trace of cerium. 
The cerium can be removed by <5. James and A. L. Pratt’s process— vide supra — 
or by tneans of the potassium permanganate process— vide infra. 

(iii) Isolation of neodymiuyn. —Neodymium is obtained from the mother liquors 
of the double manganese nitrate and the third fraction from the double magnesium 
nitrate process. The fractional crystallization of the respective mixtures can 
he continued until the most soluble fraction assumes a lilac-blue colour, with marked 
absorption bands in the blue. Tho pure oxide is blue. 

(iv) Isolation of samarium and europium.— T\iq fourth fraction from the double 
magnesium nitrate process contains samarium and europium as well as large 
quantities of gadolinium, yttrium, dysprosium, and erbium. The double magnesium 
salts are fractionally crystallized from 30 per cent, nitric acid. The least soluble 
fractions soon acquire a yellow tint as the samarium accumulates, while the most 
soluble fractions begin to crystallize badly as tho yttrium earths accumulate. 
G. Urbaiu and H. Lacombe’s Vilement separatear in the form of bismuth magnesium 
nitrate may now be advantageously employed. This rapidly removes all the 
europium from the yttrium earth nitrates. After many crystallizations, the mother 
liquor shows a strong spectrum of dysprosium, holraium, and erbium, and it is put 
on one side. The series is allowed to expand to about 20 fractions. After a large 
number of crystallizations, samarium is removed from the least soluble end, when it 
is considered certain that all the europium has passed along the series. As soon as 
the gadolinium fractions, next to the samarimn, show a fine sharp absorption band 
in the blue, due to europium, 50 per cent, nitric acid is used as solvent. of 
the samarium of a high degree of purity will now have been removed, and in addition, 
nearly all the yttrium, dysprosium, and erbium earths, together with quantities 
of gadolinium from the opposite end. As the work proceed, the europium band 
grows stronger in the fractions between samarium and gadolinium; later two green 
bauds appear. The fractions become smaller and smaller since all the mother 
liquors beyond one or two that give no europium s^trum, have been removed 
Only traces of samarium are left. Finally, the samarium bands disappear and the 
remaining fractions contain only bismuth magnesium nitrate. The fractioi^ con¬ 
taining no gadolinium are mixed, diluted,and the bismuth precipitated with hydrogen 
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salphide; the deer filtrate is treated with oxalic acid, and the europium oxalate is 
collected, washed, and dried. 

(v) Isolation of gadolinium. —All the more soluble portions of the preceding 
operations consisting of gadolinium, 3 rttrium, etc., are collected together; converted 
into oxalates; ignited to oxides; and dissolved in nitric acid. The simple nitrates 
are then fractionated from cone, nitric acid. The first crystals contain gadolinium 
and terbium; the intermediate crystals contain dysprosium, holmium, and yttrium; 
and yttrium, erbium, etc., collect in the mother liquor. The last is added to soln. 
of yttria earths derived from the first sodium sulphate precipitation. The middle 
fraction containing dysprosium, holmium, and yttrium is added to a later fraction 
employed for dysprosium. The least soluble nitrates of gadolinium and terbium 
cannot be purified by the fractional crystallization of the double magnesium nitrates, 
likewise the simple nitrates fractionate very slowly, but 6. Urbain fractionated the 
double nickel nitrates and obtained a white gadolinium salt which readily crystallizes 
from nitric acid of sp. gr. 1'3. Terbium collects in the more soluble crystals, 

C. James’ process tor separatii^ the yttria earths.— The fraction of the rare 
earths soluble in a sat. soln. of sodium sulphate, consists of dysprosium, holmium, 
yttrium, erbium, thulium, ytterbium, lutecium, celtium, and small quantities 
of gadolinium, terbium, and scandium. The soln. is acidified, and the rare earths 
arc precipitated by oxalic acid. The oxalates are heated with cone, sulphuric acid 
until fumes of sulphuric acid cease to be evolved. An outline of the scheme of 
separation is indicated in Table XL 


TABLii X[.— ItasoLUViON or THE Rare Rartii Sulphates soluble in a Saturated 
Solution or Sodium Sulphate. 
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above 


I 

Ho. y 


Tm Yb Lu 


The preliminary separation into Jive fractions .—The sulphates arc dissolved in 
cold water, and the cone. soln. gradually added to finely divided barium bromate 
covered with a layer of water; the mixture is heated and stirred until decomposition 
is complete. This is shown by the absence of a precipitate when a little of the cleat 
liquor is diluted and boiled with a soln. of barium bromate. The mixture is filtered, 
and the barium sulphate well washed. The cleat filtrate is evaporated until a drop 
removed on the end of a glass rod nearly solidifies when rubbed on a watch-glass. 
A little water is then sprayed on the surface, and the contents allowed to crystallize. 
The mother liquor and crystals are fractionally crystallized. The absorption 
apeotrum soon shows that a change rapidly occurs. The products (i) samarium, 
mdoliniom, terbium, neodymium, and europium which collect at the leas soluble end. 
This mixture is fractionate as indicated in connection with Table X for the more 
soluble earths derived from the samarium-europium fraction (iv). (ii) The second 
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niiction is yellow, and contains dysprosium, bolmium, and yttrium, with small 
{uantities of terbium, (iii) The third fraction consists almost entirely of yttrium 
contaminated with small quantities of dysprosium, holmium, and erbium, 
iv) Practically the whole of the erbium is contained in the fractions more soluble 
ban yttrium; the erbium spectrum is very marked, and the soln. is tosc-red. (v) 
The mother liquor is nearly colourless or it has a faint pink colour. The absorption 
ipectrum shows a feeble erbium spectrum and an intense thulium spectrum. This 
raction consists almost entirely of ytterbium, lutecium, and ocltium. 

Traces of scandium in the mineral are usually lost in tho oxalato prooinitutions, owing to 
the slight solubility of scandium oxalate, particularly in the preeonce of free acid. During 
the fractional crystallisations, the sc'andiiim accumulates in the mother liquid and in the 
trbium, and dy'sprosium fractions. 

(i) Isolation of ttrhium. —The mother liquor from the gadolinium nickel nitrate 
fractionation contains terbium, as well as dysprosium, and gadolinium. Tho less 
joluble portion of the no.xt fractionation also contains terbium and dysprosium. The 
collected mixture can be fractionated by crystallization of the simple nitrates,as the 
ethyl sulphates, or it may be fractionally precipitated by ammonia which concentrates 
the terbium in the portions more basic than dysprosium. The simple nitrates are 
fractionally crystallized using bismuth nitrate as a separating clement, (i) Bismuth 
nitrate accompanied by terbium collects in the middle fraction; (ii) gadolinium 
collects with the least soluble fraction; and (iii) the dysfwosium in the mother 
liquor is passed on to tho dysprosium fraction. The bismuth is removed from the 
middle fractions by hydrogen sulphide, and the terbia precipitated by oxalic acid ; 
and the oxalate ignited for terbium oxide which appears as u black powder. In 
the ethyl .sulphate fractionation, terbium comes between gadolinium and dysprosium. 

(ii) Isolation of dysprosium.--Host of the dysprosium in the original material 
collects in tlic interinediatc fraction from the gadolinium nitrate fractionation, the 
second fraction from the preliminary sejiaration of the ytrria fraction, and the 
mother liquor from the terbium fractionation. The earths in this fraction are 
separated by the ethyl sulphate process advocated by 0. Urbain. The earths are 
first converted into ethylsulphatcs either by the action of the rare earth sulphates 
on barium ethylsulphate or by mixing alcoholic soln. of the rare earth chlorides 
with sodium ethylsulphate. In the former process, there is a loss of rare earth 
sulphates entrained with the barium sulphate, and the filtration is difficult; the latter 
process gives the best results when hot cone. soln. are used. The collected fractions 
are treated with oxalic acid, the oxalates converted to oxides, and the oxides dis¬ 
solved in hydrochloric acid, adding a slight excess of oxide so as to keep the soln. 
slightly basic. The soln. is evaporated until it solidifies on cooling. Before the 
soln. has cooled sufficiently to solidify it is poured into 95 per cent, alcohol, and the 
turbid soln. cleared by adiUng hydrochloric acid drop by drop. A hot cone, alcoholic 
soln. of sodium ethylsulphate is then added, with vigorous stirring. The mixture 
is heated on the water-bath for a short time, filtered, washed with hot alcohol, 
and the filtrate allowed to crystallize. The mother liquid is poured off and the 
crystals well drained. Liquid and crystals arc then fractionally crystallized for 
a long time, (i) Terbium with a little dysprosium collects in the first few fractions ; 
(ii) dysprosium alone comes next; (iii) then follows dysprosium and holmium; 
and (iv) the moat soluble portion contains holmium and yttrium. 

(iii) Isolation of holmium. —Holmium has not been prepared of a high degree 
of purity. The small quantities available may be freed from dysprosium, but the 
fractions so obtained are rich in yttrium, and carry a little erbium. Fractionation 
by the fusion of the nitrates as described in connection with yttrium should give » 
basic holmium nitrate, but too little holmium is usually available. 

(iv) Isolation of yttrium. —The best sources of yttrium ate the third fraction of 
the preliminary fractionation of the yttria earths soluble in sodium sulphate, and 
also the less soluble fraction after the separation of erbium. Several methoda a^ 
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available for the purification of the crude yttrium. The chromate procesa of 
W. Muthmann and C, B. Bohm gives good results, particularly if terbium is present, 
and not much material is available. 

The oxides am dissolved in a eolu. of ciiromio acid so that about 40 grms. of the rare 
earth He^quioxido is contained in a litre. C. James said that the soln. obtained by adding 
potassium dichromate to a soln. of the rare earth nitrate can also be used. The liquid 
is treated with a 10 per cent. soln. of potassium chromate until it becomes cloudy, and heated 
in a retort while agitated by a current of steam. The retort is fitted with a cork and 
separating funnel so that potassium chromate can be added from time to time to keep the 
vol. of soln. in the retort constant, llio precipitate is collected in a series of fractions. 
1 'he first and second fractions are obtained by using 10 per cent, potassium chromate, and 
about four fractions by using a 5 per cent. soln. The best fraction is virtually pure yttrium 
chromate in the form of minute deep-red prisma. 

0. James recommends the fused nitrate process of A. Daraour and H. St. C. Deville 
for purifying large quantities of yttrium material. If terbium be present, pure 
white yttria cannot bo obtained. The result of the operation furnishes 5 rttrium 
nitrate of a high degree of purity, and a less basic portion which is worked up for 
erbia. He said: 

When working on a largo scale, porcelain dishes arc used, while casseroles are foiuid 
very convenient for smaller amounts. During the decomposition, the evolution of red 
fumes is allowed to proceed until tho surface assumes a glazed appearance. This point 
is easily ascertained by experience. The decomposition shotUd never be allowed to advance 
so that the mass becomes of a thick creamy nature. Tlio best method for obtaining a soln. 
of the melt is to pour the fused mass into a sufficient quantity of cold water. Great care, 
however, is required and stirring usually aids tho operation very much. A large amount of 
cold water must be avoided, since it is desired that tho soln. should be concentrated 
after about five minutes’ boiling. As the fused nitrate is gradually addod to the water, 
the temp, rapidly rises and tho whole suddenly begins to boil violently. When the dish, 
which contained the melted salt, has cooled sufficiently, a little water is added and tho 
whole heated until tho glassy mass has disintegrated, after which it is added to the main 
bulk. Tho latter is then boiled for five minutes and sot aside to cool. Under the best 
conditions the entire mass goes into soln.; especially is this true of tlie yttrium end of the 
series. Upon cooling, it will bo found that tho basic nitrate separates in a crystallme form. 
At the opposite end, the least basic portion of tho fractions, there always remains an insoluble 
basic nitrate, unless the decomposition is stopped at an earlier stage, i.e. when there is a 
copious evolution of red fumes. In case a precipitate remains, it is highly important that 
it bo well agitated by thoroughly boiling. After cooling, the precipitate (fraction B) is 
filtered off, r^issol vod in nitric acid, and again fused. The filtrate (fract ion A) is also boiled 
down and fused. The second series gives two filtrates and two precipitates. The filtrate 
froni fraction B is mixed with the precipitate from fraction A, with tho msult that the second 
series contains three fractions, etc. 

(v) Imlation of erbium .—Tho less basic fraction obtained from the purification 
of the yttria by the fused nitrate process, and the fourth fraction in the preliminary 
separation of the rare earth sulphates which are soluble iu a sat. soln. of sodium 
sulphate, contain practically the whole of the erbia present in the raw material. 
Some }dtrium is present along with traces of scandium, thulium, and holmium. 
According to C. James, yttrium is best separated by fractionally decomposing the 
nitrate by fusion. Since erbium nitrate decomposes easily, the temp, is not raised 
quite so high as in the case of nearly pure jdtrium. The least basic portion obtained 
after a large number of series, consists of erbium basic nitrate. During cone., the 
material rapidly becomes less, the erbium soln. becomes more rose coloured, and the 
absorption spectrum appears very intense. The yttrium concentrates in more basic 
f raotious, which, when united, are worked up for yttria as described above. The best 
method for removing scandium is to crystallize the nitrates from nitric acid (fauly 
strong). Holmium and thulium are separated, if still found contaminating the 
material, by converting back to the bromate and employing fractional crystallization 
from water. This last method also causes yttrium to pass into the less soluble 
crystals. 

(vi) '/solution of Mtum.—Thulium is so scarce that only small quantities can 
be obtained from large quantities of material. The most soluble portion obtained 
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io the preliminary fractionation of the yttha earths soluble in a sat. soln. of soiliuin 
sulphate is employed. This fraction contains thulium, ytterbium, lutecium, and 
celtium, it shows the absorption bands of thulium, and mere traces of those of erbium. 
As a rule ytterbia largely predominates in this fraction. The thulium is separated 
by continuing the fractionation of the bromates at a temp, of about 16® ; at higher 
temp., the soln. employed are so couc. that they solidify on cooling. The soln. 
arc very liable to supersaturation, and crystallization has to be started by seeding. 
(’. .Tames found that during the first few series, erbium rapidly separates in the least 
soluble portion, after which the other fraction? become coloure<l greenish. As 
soon as tlic mother liquors fail to give any thulium absorption baiuls, when examined 
in a sat. soln. of about 10 cms., they are placed aside for the separation of ytterbium, 
etc. Thulium is found to collect in the fractions b<*tween erbium ami ytterbium. 
The soln. become coloured a faint bluish-green and show a very intense absorption 
spectrum consisting of three bands. If very great care be taken, dil. alcohol can be 
used as solvent, for a short time—best towards the end of the work. However, it 
soon shows signs of being attacked by the bromate. 

(vii) Isolation of ytierbium and lutecium .—These three elements are contained 
ill the mother liquor remaining after the separation of thulium. This can be 
fractionated by continuing the bromate process, provi(h‘d the soln. do not become 
basic. G. Urbain fractionated the nitrates from nitric acid. liUtecium is jnore 
soluble than ytterbium. Lutecium salts have not yet been obtained of even a 
moderate degree of purity. 
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§ 6. The Prooeases Emiiloyed in Resolving the Rare Earths into their 
Component Earths 

C. R. Bohm, in his Die Darslellung der sellenen Erden (Leipzig, 1905), reviews 
the methods which have been employed in resolving the rare earths into their com¬ 
ponents. He classifies these methods: I. Separation by fractional crystalliza¬ 
tion—.4, simple salts; R, comple.x salts. 11. Separation by fractional precipitation 
— A, basic salts; B, hydroxides and salts. III. ^paration by oxidation processes— 
A, in the dry way; B, in the wet way. IV. Separation by physical methods. 
The following outline is based on that of C. R. Bohm. 

Since fractional crystallization or precipitation usually involves the frequent 
repetition of the same operations, it is important to reduce the necessary operations 
to a minimum; not only because of the need for economizing time, but also to 
lessen the risk of accidents and the frittering away of the material by small losses. 
Large quantities oh materials have usually to be handled in the initial operations in 
order to^et rdarively small amounts of the finished product. Expensive materials 
are often ruled out. Except in very special cases, it is well to avoid methods 
where troublesome precipitates have to be washed and ignited, or where tedious 
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evaporations have to he made. As C. James i has said.: “ Fractional oi)eration 8 
to be of value, must be very rapid.” 

L Fnotional crjstallization. —Processes for the fractional crystallization of 
the rare earths are mainly dependent upon the fact that corresponding salts can 
form isomorphous or mixed crystals. The fractional crystallization of salts which 
are not isomorphous usually results in the separation of the least soluble or the most 
abundant component of the mixture ; but the members of an isomorphous series 
of salts can usually bo separated in the order of their solubilities. According to 
(1. Urbain and H. Lacombe,^ the tisual order of separation is: La, Ce, Pr, Nd, Sa, En, 
Gd, Tb, Dy, Ho, Y, Er, Tm, Yb, Lu, i.e. with the exception of yttrium in the 
order of increasing at. wt. This is generally assumed to be the order of the solu¬ 
bilities. C. James, however, has shown that this does not always follow, because 
praseodymium bromate is rather more soluble in water than yttrium bromate, and 
yet when the mixed hrontates of yttrium, praseoelymium, erbium, and thulium arc 
fractionated, praseodymium bromate accumulates in advance of the yttrium salt. 
Usually lanthanum furnishes the least soluble salt of the series, but in some cases 
the order is changed and lanthanum furnishes the most soluble salt. If the salts 
be not all isomorphous and of the same type, it is easy to understand how fractional 
crystallization may alter the order of separation. Thus, the bromonitrobenzenc- 


sulphonates studie<l by S. H. Katz and ^ ^ ^ 

C. .lamest fall into three groups with 5 .. . j . T 1 - 

different degrees of hydration, and each 5^7 -1 - L. - — iHJ 

group has its own order of solubility as ^ -bp 

illustrated by Fig. 5. The order may be . 

niodified even in cases where the salts are § ? . j |. 

isomorphous. Water is the most con- ^*5,^ ■ [ j- 

venient solvent. The salts should have ‘ | . 

a high solubility in the hot solvent, and 

separate on cooling in compact crystalline Semi onler nf elements 

masses so that the only operations involved ],-,o .Solubilities of lt.o Rare Earth 
are the dissolution of the crystals, the nroaioni(rot)enz('noRulphonHU«. 


nroaioni(rot)enz('nORulphonHU«. 


concentration of the soln., and the decanta¬ 


tion of the mother liquors. The operations involved are outlined in connectioD 
with the extraction of radium chloridc— 8 . 26, 2. It is a matter of opinion 
whether some processes should be classed with fractional crystallization or with 
fractional preeijutation. 

1. Fractioml crysfallization of the halides. —The action of alkali fluorides w 
described in connection with fractional precipitation— vide infra. C. Baskervillo 
and R. Stevenson ® also fractionally precipitated the chlorides by saturating a soln. 
of the chlorides with hydrogen chloride. 1*. H. M. P. Brinton and C. James obtained 
good results in the fractional crystallization of the rare earth chlorides from hydro¬ 
chloric acid ( 1 : 1 ). 

2. Fractional crystallization of the hromates. —C. James ^ and co-workers intro¬ 
duced a method for the separation of the yttria earths by the fractional crystalliza¬ 
tion of the hromates. The following method was recommended by C. James: 


Tlie rare earth material, generally in the form of the oxalates, is mixed into a paste with 
sulphuric acid and the temp, raised until the fumes of sulphuric acid cease to be evolved, 
llie residue is then finely powdered, dissolved in i(*e-cold water, and the resulting soln. 
poured over an excess of barium bromate. This operation is bMt carried out in a lai^ 
evi^ratmg dish pl^^ed on the water-bath, care being taken to keep the mass well stirred. 
After a time the precipitate is allowed to settle and some of the clear liquid taken up b^ 
means of a pipette and added to a warm soln. of barium bromate; if no precipiteta m 
obtained the liquid is filtered off. Sometimes, however, a precipitate is formed wbleh 
consists of barium bromate: and, therefore, it is best to dilute with water and boU. If ^ 
precipitate persists, either more stirring or more barium bromate may be reqmred. Wfira 
the dfouble decomposition is complete a HtUe bromine is often liberal. This is evidently 
due to the fact that a small amount of bromic acid is formed by the action of a trace of 
sulphiuio acid 8ccom}^ying tlie rare earth sulphates. The latter should, therefore, be 
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well ignited. The filtered liquid i« evaporated until a drop, removed on the end of a glaaa 
rod, nearly solidiflea when stirred on a watch-glass. Under these conditions just about half 
of the substance in soln. crystallises out on cooiing. After a little experience there is 
absolutely no ifflculty in judging the most convenient concentration. If the fractionation 
is carried out in porcelain dishes a little water should be sprayed on the surface so as to 
prevent the top from solidifying to a crystalline mass. Very often, but usually when work¬ 
ing with small quantities, the liquid refuses to crystallise or else the crystals separate out 
as a fine feathery mass, so that it is quite impossible to pour off the mother liquor. If it 
does not crystallise, the best procedure is to add a trace of the solid, when the whole im¬ 
mediately solidifies, forming the feathery type of crystals as mentioned above. The mass is 
then carefully heated so as to dissolve all but a very little, which will start the crystallisation 
as the liquid cools. An even better plan is to commence the operation by the addition of 
a crystal while the liquid is still quite hot. After about twenty crystallisations, the least 
soluble fraction is colourless and consists of the desired broraate with traces of dysprosium, 
samarium, holmium, and terbium ; the next fractions are yellow, and show the spectral 
lines of dysprosium and holmium ; the next fractions are pink, and they show the erbium 
lines ; there is one fraction mainly thulium ; and finally, a very soluble fraction, chiefly 
ytterbium. 

The solubilities of the bromates increase in the following order : Sa, (Eu, Gd), Tb, Y, 
Dy, Ho, Er, Tm, Yb, similar to the order of the solubilities of the oxalates in 
ammonium oxalate. The order of separation with the bromates decreases with 
increasing at. wt. from lanthanum to europium, and thereafter increases with 
increasing at. wt .—confer Fig. 6 for the analogous behaviour of the nitrates.- By 
the bromate process, C. James obtained thulium and yttrium bromates of a high 
degree of purity; L. Jordan and B. S. Hopkins separated terbium from samarium 
and europium ; and H. C. Kremers and C. W. Balke, dysprosium and holmium 
from yttria earths. 

3. Fractwnnl crijslallization of the simple sulphates. —The method depends on 
the fact that the sulphates of the rare earths are less soluble in hot water than in 
cold water, but to varying extents with the different earths. Consequently a sat. 
soln. of the dihydratod sulphate, made in ice-cold water, furnishes crystals of one 
or more of the hydrates, M 2 (S 04 ) 3 .nH 20 , as the temp, is raised to 30‘’-40'’. 
C. G. Mosander t used the process to separate lanthana and ceria, and didymia 
from lanthana, and it was used by J. C. G. de Marignac, M. Holzmann, C. Czud- 
nowicz, R. Bunsen, C. Wolf, H. Robinson, P. Schtitzenberger, 0. Boudouard, 
R. H. P. Manaske, etc. W. Muthmann and H. Rolig employed it to .separate praseo¬ 
dymium and neodymium. Thorium is easily freed from the rare earths by this 
method, although the ceria earths are not so readily freed from thorium. 

4. Fractional crystallization of the double sulphates.—The use of potassium and 
sodium sulphates as grouping agents for the rare earths has been described in 
previous sections. Nearly all investigators ® on the rare earths have employed one 
or other of these agents; for cerium, thorium, and zirconium salts give precipitates 
with potassium sulphate, and the different solubibties of the double potassium 
sulphates is after used as a means of separating the rare earths from one another. 
The use of potassium sulphate in separating the ceria and yttria earths dates from 
M, H. Klaproth’s work on ochroite ; W. Hisinger and J. J. Berzelius worked simul¬ 
taneously and independently on the same subject, and J. J. Berzelius later made 
observations on zirconia and thoria. The rare earths form double sulphates with 
sodium sulphate, and those formed with the ceria earths arc very sparingly soluble 
in a sat. soln. of alkali sulphate. As indicated in the preceding section, sodium 
sulphate has been used by M. H. Klaproth, C. Erk, and many others. W. Gibbs, and 
C. H. Wing tried a number of sulphates other than those of the alkalies, and obtained 
the best results with luteocobaitic and roseocobaltic ammoniosulphates. The 
double sulphates are less soluble and crystallize better than those formed with the 
alkali sulphate. W. Gibbs found that the sulphates of the alkaloids offer no 
advantages. T. Scheerer, F, Wdhler, R. Hermann, N. Engstrbm, L. F. Nilson, 
C. Schmidt, H. Rose, W. Gibbs, H. BUhrig, J. L. Smith, A. Loose, F. M. Stapfl, 
B. Fresenius and E. Hintz, etc., utilized the solubility of the double alkali sulphates 
in dil. acids; W. Hisinger and J. J. Berzelius, and R. J. Meyer and £. Marckwaid, 
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n cone, nitric acid; Q. Urbain, L. M. Dennis and E, M. Chamot, W, Muthmann, 
{. Rdlig, and L. St&tzel, in soln. of ammonium acetate. 

5. Fractional crystalliiation of the etkyMphale».—ln 1898, G. Urbain t described 
. method for the separation of the yttria earths by the fractional crystallization 
if the ethyl sulphates. The earths separate in the order terbia, yttria, holmia, 
lysprosia, erbia, and ytterbia. No free acid should be present, for ethylsulphuric 
■eid is then readily hydrolyzed. The solubilities of the othylsulphates of the rare 
•arths decrease with increasing at. wt. from lanthanum to neodymium and thereafter 
ncreaso— confer Fig. 6 for the analogous behaviour of the nitrates. The application 
if the process has been described in the previous section. By its means, G. Urbain 
leparated dysprosium from a mixture of yttrium, terbium, and dysprosium. 
'. von Schccle separated lanthanum and praseodymium. K. .4. Hofmann and 
3. Burger obtained erbium from an admixture of thulium, holinium, dysprosium, 
ind erbium; and H. 0. Kremers, C. W. Hopkins, and E. W. Engle, dysprosium from 
1 mixture of neodymium, praseodymium, and terbium, but it did not separate 
latisfactorily holmium and dysprosium. W. Muthmann and E. Baur employed tho 
process for fractionating yttria earths. G. Urbain recommended separating the 
rare earths into three groups—ccris, terbia, and yttria earths—by means of the 
.'thylsulphate process in preference to the potassium sulphate process. 

6 . Fractional crystalUzation of the nitrates.-In 1896, E. Demar 9 ay * separated 
gadolinium and samarium by crystallization of the nitrates from cone, nitric acid of 
sp. gr. 1'30 to 1 54. The method gives good results 
with earths of at. wt. le.ss than that of dysprosium 
(162'5). This is due to the fact that the solubilities 
of the nitrates in nitric acid decrease with increasing 
at. wt. as shown diagramatically in Fig. 6, until 
gailolinium nitrate is reached, when alter that, tho 
solubiUties increase with increasing at. wt. up to a 
maximum with ytterbium nitrate. E. Baur and 
K. Marc obtained good results with gadolinium and 
ytterbium; .1. Blumenfeld and G. Urbain obtained 
ytterbium of a high degree of purity after 4(KXi 
fractionations ; and with lO.tXX) fractionations of the 
ytterbium nitrate, G. Urbain separated it into lutecium and ytterbium, and from 
the mother liquor he obtained celtium. K. Brockelmann obtained a didymium 
)>rcj)aration which could not be fractionally crystallized by the usual methods, but 
with alcohol as solvent furnished scandium and yttrium. 0. L. Barncbey fraction¬ 
ated the basic nitrates from acetone soln. and obtained cerium in tho first fraction, 
didymium in the last one. 

7. Fractional crystallization of the double nitrates. - (i) The, double ammonium 
nitrates, K(N 03 ) 3 . 2 NH 4 N 03 . 4 H 20 , were first used by D. I. Meudek-eff for the separa¬ 
tion of lanthanum and didymium; and C. A. von Welsbach subsequently modified 
the process by crystallizing from nitric acid instead of from aq. soln. The method 
has been outlined in the previous section, and it has been extensively employed. 
C. James and others have used it in separating lanthanum and praseodymium; 
M. Esposito, lanthanum, praseodymium, and neodymium, etc. C. von Scheelc 
modified the process by using ceria as I’bUment siparaleur. 

(ii) C. A. von Welsbach, and C. von Scheelc tried substituting sodium nitrate 
for ammonium nitrate, for separating lanthanum and praseodymium from neo¬ 
dymium, but the double sodium nitrate method was not economical or efficient 
since the separation is too slow. 

(iii) E. Demaryay employed a process based on the fractional crystallization erf 
the double magnesium nitrates, 2R(N0j)j.3Mg(N0j)2.24H20, frona nitric acid of 
sp. gr. 1'3. The process has been described in the preceding section. According 
to W. Muthmann and L. Weiss,* with the yttria earths the separation from water 
is in the order: La, Pr Nd, Sa. Eu. Br, Gd, Y, and the remaining yttria earths. 



Hd Sd Eu Gd Th Dy Ho 
Serial order of elements 
Kio. fl,—Sohibilitiwi of <lio 
Rnre Earth Nitrates (Dia- 
grommatic) 
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G. P. Drossbach used the process for the separation of neodprium and praseo 
dymium; W. Fcit, for the separation of terbium from monazite; and C. James, 
for the initial separation of the ceria earths. 

(iv) G. Urbain and H. Lacombc empbyed a process based on the fractional 
crystallization of the doiMe Usmulh nitrates. The bismuth also acts as I'MinerU 
^rparaleur. The process has been outlined in the preceding section. G. Urbain 
and H. lAcombe applied the process to the separation of gadolinium from the yttria 
earths; 0. Urbain, to the separation of lanthanum and cerium from a mixture of 
ytterbium, lanthanum, lutecium, and cerium ; G. Urbain and H. Lacombe, C. James 
and J. E. Robinson, and G. Eberhard, to the preparation of europium; and G. Urbain 
to the separation of terbium and gadolinium. 

(v) G. Urbain 11 fractionally crystallized the do«W« nieW nitrates, 
2R(N03)3.3Ni(N0s)2.24H20, in order to separate traces of europium and terbium 
from gadolinium as indicated in the preceding section. When the soln. of the 
mixed earths is treated with nickel nitrate, the nickel gadolinium salt separates in a 
high degree of purity. The continued fractionation of the mother liquid furnishes 
tiubium also of a high degree of purity. 

(vi) H. Uacombe,!^ and C. James found that when the doMe manganese nitrates, 
2K(N03)3.3Mn(N03)2.24H20, are fractionally crystallized a good separation of 
neodymium and praseodymium from each other, and from lanthanum and samarium, 
is obtained, and this more quickly than with E. Demarjay’s process—«de supra. 
The fractionation is best carried out in nitric acid of sp. gr. 1’3; the volume of the 
mother liquid should be maintained almost constant, and be very small in com¬ 
parison with the bulk of crystalline matter separated. The formation of crystals 
may be initiated by a nucleus of the isnmorphous bismuth manganese nitrate. 
C. James also recommended the process for the separation of neodymium and 
praseodymium. 

8. Fractional crgstallmtion of the formates.—liVe the double potassium sulphates, 
the formates serve for separating the terbia earths. The formates of the ceria earths 
arc much less soluble than those of the yttria earths. 1’. T. Cleve gave 1: 421 for 
the solubility of lanthanum formate in water; 1: 360 for cerium formate; and 
1: 220 for didymiuin formate~J. V. 0. de Marignac gave between 1:128 and 1:160 
for the latter. According to B. Brauner, when a soln. of the rare earth formates 
is evaporated, the formates of the ceria earths separate first, then follow those of the 
terbia earths, while those of the yttria earths remain in soln. M. Delafontaine 
applied the method to the terbia earths and obtained philippia from the mother 
liquor. G. Urbain separated neodymium and praseodymium formates; A. Betten- 
dorlf separated the yttria earths into thre'e groups; and J. Sterba-Bohm removed 
the last traces of ytterbium from scandium by the fractional crystallization of the 
formates. G. Urbain showed that philippia is a mixture of terbia and yttria which 
cannot bo completely separated as formates— okIc fractional precipitation. 

9. Fractional crystallimtion of the acetates.—N. J. Berlin observed that by the 
repeated crystallization of the so-called yttrium acetate, the rose-coloured crystals 
bmame colourless. J. F. Bahr and R. Bunsen also found that by the fractional 
crystallization of the acetates of erbium and yttrium the first crop of crystals was 
richer in erbium than the later crops. 0. Popp, M, Delafontaine, C. Benedicks, 
and others made observations on this subject. The yttrium acetates are less soluble 
than those of the cerium group. K. T. Postius separated mixtures of yttria and 
terbia earths by the fractional crystallization of the acetates. 

10. Fractional crptallaalion of the acelylaceUmates.—G. Urbain showed that 
the acetylacetonates of the rare earths, E[CH(COOCH 8 ) 2 li, crystallize well, and he 
applied the fact to the purification of thoria. The mixed ^droxides were first 
dissolved in nitric acid, and the soln. evaporated to dryness on a water-bath, the 
residue was dissolved in water, and treated with sodium acetylacetonate, and again 
evaporated to dryness. The residue, crystallized from its soln. in chloroform, 
famished thoria of a high degree of purity. G. Urbain also fractionated the rare 
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uiths from monazito by this process using absolute alcohol as solvent. K. A. Hof- 
^nn likewise separated erbium from holmium aud dysprosium; and R. J. Moyer 
[and A. H. Winter, scandium from the tare earths in wolframite, 
i 11. Fractional cryslallimlion of the dimethylphosphates.—J. C. Morgan and 
C. James 'o found that with dimethylphosphoric acid the rate of separation of the rare 
earths is vastly greater than with that of practically all the methods given up to the 
present time, banthanum, cerium, praseodymium, neodymium arc left at once in 
the mother liquor. Samarium, europium, and gadolinium are much less soluble than 
those previously mentioned, while they arc more soluble than terbium,dysprosium, 
and holmium. Erbium, thulium, yttrium,' ytterbium, etc., collect in the least 
soluble portions. Since the solubilities of these compounds are the reverse of the 
usual type, they may be used for the rapid purification of many of the rare earths. 
For instance, we can easily remove traces of neodymium from samarium by this 
means, as the samarium dimethyl phosphate separates before the neodymium 
compound. It is necessary to state that there is some inconvenience when working 
with the salts of dimethyl phos))horic acid, since they undergo a very gradual 
decomposition. A gelatinous precipitate is formed, very slowly, in the case of tin- 
rare earths, which filters with difficulty. 

I 'i. Frarliomil crysliillizalion of the picrales. —L, M. Ueiinis and co-workers 
recommend crystallization from a hot soln. of the hydroxides in picric acid for 
separating erbia and holmia from the didymia aud yttria earths previously freed 
from ceria and thoria. It is also said to be an “ excellent means of effecting a rapid 
concentration of praseodymium and neodymium practically free from erbium and 
holmium, and the concentration of erbium and holmium with but a relatively small 
amount of the members of the didymium group.” P. 8. Willand and C. James 
found that for the separation of erhia from yttria, the method docs not compare 
favourably with other jirocesses. 

I. 3. Fractional crystallization of the m-nitrohrnzamulphonatcs. —0. Holmberg ** 
found that the w-uitrobenzenesulphonates of the cerium earths crystallize very well, 
and he successfully separated and purified neodymium as m-nitrobenzenesulphonate. 
('. Gamier also found this a speedy method for separating neodymium from 
mixtures with samarium and ijraseodymium, P. 8. Willand and 0. James tried the 
diphenylmonosulphonates for separating erbia from yttria, but uo special advantages 
were observed. 

II. Fractional crystallization of sulphanilates. —L. StUtzel'* separated neo¬ 
dymium from praseodymium by the fractional crystallization of soln. of the oxides 
in suliihanilic acid. K. T. Postius also removed the last truces of didymia from 
erbia by this means. This method has nothing to recommend it in preference to 
other more efficacious processes. 

n. Separation by fractional precipitation.--In these methods the mixed earths 
are dissolved and then gradually concentrated by precipitation in stages as indicated 
in the preceding section. 

1. Fractional precipitation by ammonia. —The method was employed by 
J. J. Bcrzeliu8,20 0. G. Mosander, M. Delafontaine, 0. Popp, P. T. Gleve, .W. Crookes, 
B. Brauner, L. dc Boisbaudran, etc.— vide supra. K. A, Hofmann and 0. Burger used 
the same method for removing traces of thulium, holmium, and dysprosium from 
erbium. Ammonia effects a separation strictly in the order of the basicity of the 
bases. Starting with the weakest, i.e. the base first to be precipitated, the order is 
Zr, Th, Ce (ous). Sc, Yb, Tm, Er, Ho, Dy, Tb, Y, Sa, Gd, Nd, Pr, Ce (ic), U. There 
are, however, considerable differences of opinion in detail. R. Marc, P. Truchot, 
L. de Boisbaudran, A. Bettendorff, C. Benedicks, K. T. Postius, C. G. Mosander, 
G. Kriiss and K. A. Hofmann, A. Loose, R. Hermann, G. Urbain, and W. Mutbmann 
and co-workers give a different order. W. A. A. Prandtl and J. RauchenbecgCr 
show that the reaction RCls-t-SNHj-f-SHjOvsiRfOHlj-t-SNHiCl is reversible. 
W. A. A. Prandtl and co-workers examined the effect of cadmium and cobalt on the 
basic precipitation. 

VOL. V. 2 o 
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2. Fractiond precipitation by alkali hydroxidet .—The main features of the 
process are the same as those with the ammonia precipitation. A dil. soln. of sodium 
hydroxide was found by 6. P. Drossbach^i to give good results in separating 
didymium from lanthanum, and in fractionating a mixture of the erbia earths 
which had been previously treated by the magnesia process. B. Brauner and 

F. Pavlicek used it for purifying lanthanum earths, and H. Behrens, for cerium 
earths. 

3. Fractional precipitation by organic bases.—In this connection aniline has been 
used mote than the other organic bases. In applying the process, a neutral soln. of 
the chlorides in 50 per cent, alcohol, at say 90°, is treated with a 2 per cent. soln. 
of aniline in 50 per cent, alcohol. The method was used by K. A. Hofmann and 
0. Burgerfor separating holmium, thulium, and dysprosium from erbium; by 

G. Krliss for fractionating holmia earths; and by A. Kolb for purifying thoria. 

A. Loose tested didymium for homogeneity by fractional precipitation with aniline. 
A number of other bases— o-loluidine, xylidine, dimelbyhniline, diethylanUine, 
bemylamine, pyridine, quinoline, piperidine, phenylhydrazine, dimelhylamine, tri 
ethylamine, diphenylamine, naphthylamine, m-chloro-aniline, benzidine, picoline, etc.— 
have been tried by A. McM. Jefferson, B. L. Hartwell, G. Kriiss and co-workers, 
and K. A. Hofmann. Some might give good results in special separations. 

Wit}) respect to cetiurn, lantlianuin, neodymiiuii, praseodymium, thorium and zirconium, 

B. X>^ Hartwell found (i) benzylanilinf, dimethylnitrosamine, dipropylniirosamine, o-, m- and 
p-nitroaniline, p-nitrophenylhydrazine, o-chloro-anilinet piperidine, auccinimide, and tetro' 
nitromeihylamine pi-ecipitated none of tlie six bases from their soln.; (ii) Allylamine, benzyl- 
methylamine, bomylatnine, camphylamine, diatnylamine, dibenzylatnine, dielhylarnine, 
dimethylamine, dipropylamine, ethylenediamine, heptylamine, hejcylamine, xa<Autylamine, iao- 
tributylamine, iai^ibutylamine, monoamylamine, monovUiylarnine, nwnomethylamine, mono- 
propylamine, neurine, normal butylamine, normal dibtUylamine, propyhnediamine, telraethyU 
ammonium hydroxide,, lelratnethylammoninm hydroxide, triethylamine, trimethylamine, tri- 
propylamine., give proeipitates with sails of all six earths; and benzidine, m^bromo-aniline, 
p-ivomo-anilinc, p-bronw-^phcnylhydrazine, p-cfiloro^aniline, iaoquinoline, a^picoline, pdolui^ 
dine, m-toluylenediamine, tribenzylamine, give precipitates only with thorium and zirconium 
salts. Tlie chloro-anilines and hexamotiiylone*tetramine appeared the most suitable of the 
bases tried for the separation of thorium from zirconium, whilst p>toluidino gave promising 
results in the seimration of zirconium and thorium from lanthanum, neodymium, and 
praseodymium. J. Kdppel ” dissolved a jnixture of rare earths in a soln. of hydrogen 
chloride in methyl alcohol, and addml pyridine. Crystals of cerium pyridine chloride, 
(CjHsNH)nCeCla, separate, and they can bo purified by recrystallization from a mixtui-e of 
alcoliol and ether. 


4. Fractional precipilation hy magnesia .— C. Czudnowicz 24 tried to fractionate 
the ceria earths by boiling the nitrate with magnesia. G. F. Drosshach suggested 
using magnesia iu place of ammonia or alkali hydroxide, and he found that the 
earths are precipitated in the order of their difiereut basicities. Magnesia is l 
gradually added to a boiling soln. of the nitrates, until the filtrate no longoj^ 
shows the spectral bands of didymium. W. Muthinann and H. JR^Iia^thns 
separated lanthanum from didymium in a single op e rati^ p, bi^t xtah poor. 

The precipitation can be conducted in a stages whereby the least basic 

element will be found in the first fr% 5 ^ basic element in the last 

fraction. G. P. Droesbach sepajf™ . earths by this process. 

6. Fra^ioml precx^aty^-^,r cxide.-1. de Boisbaudran25 claimed to 

separate thoria from M ^^^er rare earths by the foUowing process: 

« Boil for a tevjfiuF' . , . inminm and acidified witti a few 

9.iporp T)ros8bach P. Soblitienberger and 0. Boudouard, and 
‘*'the process.^ The Utter found that cuprous oxide does not precipitate aU the thona 

from, the soln. 
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6. Fractional precntitOion h/ batie oxHu. —C. A. voa WeUbach devised «t 
importent prooees—FeJ»6ocA’« baiic oxide procets —in which the oxides oi the tare 
earths themselves act as basic oxide, like the magnesia in the above-described 
process, and so hasten the formation of sparingly soluble basic salts of elements o! 
weakened basicity. The process differs in details according to the particular 
mixture employed. For the mixed ceria and yttria earths, the process is conducted 
as follows: 

Diasoive, say, 100 grma. of the mixed ceria aud yttria earth oxidw in the minimum 
quantity of nitric acid for dissolution; and add gradually a paste made from miotl^r 
100 grtns. of the sumo oxides. Care must be taken that at no point is ail tl»e oxide dis» 
solved. The soln. should have a syrupy consistency aud contain some undiasolved oxide ; 
it also becomes hot owing to chemical action. On cooling, most of the yttrium and erbiun* 
will bo found oa basic nitrate in the crystalline precipitate. Knough nitric acid is a<lded 
to change the colour of the soln. red, and to dissolve all the residual oxide and carbonate. 
The basic nitrates are insoluble. A rose-coloured precipitate forms in a few hours, and 
sets to a hard mass. Tlie mother liquid is decante<i off, and tlie residue extracted wiUi 
cdcohol to remove normal nitrates from the basic nitrate containing theerbia group, 
scandia, and some ytterbia ; the soln. contains nitrates of yttriuin and ceria earths. The 
ceria can be removed by the basic nitrate process. Tho separation of the yttria earths 
can be continued by repeating the process. 

G. P. Drossbach used the process for the yttria earths; P. Schottliiuder for the 
ceria earths; and G. P. Droajbach, H. Behrens, W. Muthmaun and L, Weiss, 
P. SchottlUnder, and C. R. Bohm for separating lauthana aud didymia. It has Wso 
been described in the preceding section. 

7. Factional precipitation by alkali azides. —L. M. Dennis and co-workers 
added a 0'3 per cent. soln. of potassium or sodium azide to a cold soln. of earth 
containing thoria, and on boiling found thoria to be precipitated as hydroxide: 
Th(N03)4f4NaN3-t-41l20-Th(011)4~|-4NaN03+4HN8; but G. N.Wyrouboff and 
A. Verneuii did not get the same results. 

8. Fractional precipitation by sulphurous acid or sulphites.— H. Klaproth, 
and N. J, Berlin utilized the fact in analytical work that sulphurous acid or soluble 
sulphites give precipitates with some metal salt soln., and P. Bertliier first applied 
the reaction to salts of the rare earths. When a sat. soln. of sodium sulphite is 
added to neutral soln. of rare earths and thoria, the ceria and yttria earths are 
precipitated, but thoria remains in soln.; on the contrary, sodium hydrosulphite 
precipitates thoria from a cold soln., but does not precipitate the ceria earths. 
J. P. Bouardi aud C. James precipitated the yttria earths from boiling soln. mixed 
with potassium sulphite. The reactions have been utilized by H. Grossmann, and 
A. Batek for purifying thoria, and separating thoria from ceria earths. The reaction 
has also been applied by R. Hermann, W. Henneberg, C. Krk, C. Baskerville,, 
W. Buddaus and co-workers, H. Geisow and P. Horkbeimer, and R. Ohavastelon. 

9. Fraciwnal precipitation by sodium thiosulphate. —N. J. Berlin^® found that 
the yttria earths arc not precipitated from their soln. by sodium thiosulphate; 
F. Chancel, R. Hermann, F. Stromeyer, M. Weibull, K. Rordam. and P. T. Cleve 
found that zircouia is precipitated under these conditions ; and W. C. Brogger, and 

O, Boudouard used the process to separate zirconium from titanium. J. J. Chydenius 
found that when a soln. of sodium thiosulphate is added to a soln. of tlie rare earths, 
thorium thiosulphate is precipitated when the soln. is boiled, while the rare earths 
remain in soln. W. Crookes noted that some yttria is carried down with the pre¬ 
cipitate. P. T. Cleve found that scandia is readily but not completely precipitat^ 
under these conditions; samaria is not precipitated. R. Bunsen, and G. Urbam 
have utilized the reaction to separate thoria from the rare earths i?tac supra, 

P. H. M. P. Brinton and C. James did not recommend the basic thiosulphate process 

for the separation of the erbia earths. t t n r m a 

10. Fractional precipitation as fluorides or fluasdkai^.-^o. J. ^rzeUiM, ai» 
J. J, CSiydeniuB noted that the addition of hydrofluoric wid or of normal or Mta 
alkali fluorides to thorium salts gives a gelatinous precipitate of thonum fiuonde. 
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The precipitation ia almost quantitative. J. J. Chydeniua, and A. Rosenheim and 
oo-workera studied zirconium fluoride. While the rare earth fluorides are insoluble 
in an excess of hydrofluoric acid or soln. of alkali fluorides, zirconium fluoride is 
readily soluble under these conditions. When hydrofluoric acid or potassium 
fluoride is added to a soln. of salts of the rare earths containing zirconium and 
titanium the fluorides of these elements are all precipitated; and when fused with 
potassium hydrofluoride, and the cold cake extracted with water, the zirconium 
and titanium arc dissolved while the rare earth fluorides remain as a residue. The 
solubility of the rare earth fluorides in a large excess of cone, acid increases with the 
electropositive character of this metal, the fluorides of the more negative elements 
being least soluble. Hence, thoria and scandia may be cone, to a large extent by 
repeated precipitation with hydrofluoric acid in acid soln. As shown by F. Stolba, 
the fluosilicates of the rare earths form gelatinous precipitates when hydrofluosiUcic 
acid or alkali fluosilicate is added to a boiling neutral soln. of the rare darth salt. 
In the presence of mineral acids, the precipitation does not occur in the cold. The 
cerium fluosilicate is hydrolyzed to the fluoride; the yttrium elements are held in 
soln. by the mineral acid ; the scandium salt is precipitated. R. J. Meyer used this 
process for separating scandia from the rare earths—oufe scandium. J. Sterla- 
Bohm used ammonium fluoride to separate scandia from the hydrochloric acid soln. 
of wolframite residues. 

dl. Fractional precipitation of the chlorides and oxychlorides. —J. J. Berzelius 
noted the hydrolysis of a soln. of zirconium chloride, and on boiling a basic chloride 
was precipitated. G. H. Bailey separated iron from zirconium by boiling the mixed 
chlorides; zirconium oxychloride is precipitated and the iron remains in soln. 
G. Krttss and L. F. Nilson, F. P. Venable, 0. Hauser, and J. M. Matthews also 
studied the reaction with zirconium. G. P. Drossbach dissolved the mixed erbia 
and yttria earths in hydrochloric acid, and added more of the mixed oxides until 
the soln. showed no more erbium spectral bands. The mixture was heated some 
hours on a water-bath, mixed with a large proportion of boiling water, and allowed 
to settle. The precipitate contained all the erbia, and it was repeatedly boiled with 
a soln. of ammonium chloride to remove traces of entrained yttrium. The same 
method was used for separating praseodymium and neodymium. J. C. G. de 
Marignac found that when a mixture of the lanthanum, didymiuin, etc., chlorides 
is heated some of the earths form oxychlorides, others not. When the residue is 
treated with water, the earths can be separated. P. H. M. P. Brinton and C. James 
did not recommend the basic chloride process for the separation of the erbia earths. 
M. Fronstein and J. Mai used the process for the initial separation of the raonazite 
earths. The process has been modified by H. Behrens, F. Frerichs, etc. 
C. James and co-workers tried the process for the separation of erbia from yttria 
earths. C. Baskcrville and R. Stevenson fractionally precipitated neodymium and 
lanthanum by passing hydrogen chloride into the soln. W. Gibbs tried bromides 
in place of chlorides. 

12. Fractional precipitation mth iodates. —N. J. Berlin ^2 observed that yttria 
earths are precipitated as an amorphous white powder by alkali iodates; and* 
P. T. Clevo noted that zirconium and thorium are likewise precipitated quantitatively 
as iodates under similar conditions. When calcined, the iodates pass into oxides. 
R. J. Meyer and J. Wuorinen, and H. C. Holden and C. James found that on the 
addition of a soln. of potassium iodatc, drop by drop, to a hot soln. of the nitrates, 
acidified with nitric acid, yttrium iodate is precipitated last; and when iodic acid is 
added to a soln. of scandium and thorium salts, most of the thorium is precipitated, 
white the scandium remains in soln. 

13. Fractional precipitation by ammonium or alkali carbonates .—In 1802, 
M. H. Klaproth 2S showed that white yttria earths are precipitated from soln. of 
their salts by potassium, sodium, or ammonium carbonate, and the precipitate is 
soluble in an excess of the reagent. The precipitate with dil. sobi. of carbonate is a 
simple rare earth carbonate, but with a cone, soln., a double carbonate is produced: 
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KjC03.Rs(C 0,),.12H80 ; tN^COj.Rj(CO,)3.(20-24)H.O; (NHihCOj.RiiCO,)*. 
(4-6)H20, The potassium salt is the most soluble in water. The double carbonatea 
of the cerium group are least soluble, those of the yttrium group come next, and the 
double thorium carbonate is most soluble. R. .1. Meyer used the reactions for 
separating lanthanum and praseodymium; A. Damour,for separating thoria from 
the ceria earths; and R. J. Meyer and A. H. Winter, for separating scandia and 
thoria. , 

14. Fractional precipitation with harium carbonate. —According to J. C. 6 . de 
Marignac, when barium carbonate is added to a soln. of thoria and the rare earths, 
thoria and ceria earths are precipitated, but not the yttria earths. 0. Popp, C. Erk, 
and C. Schmidt applied the reaction to the separation of these earths. 

15. Fractional precipitation by chromic add or the chromates. —N. J. Berlin ** 
observed that a 4oln. of yttrium chromate dissolves yttria. forming a basic salt. 
M. M. Pattinson and J. Clark heated a mixture of ceria earth chromates to 110”, 
and found that the cerium chromate becomes insoluble, while the congener earths 
are not changed. A. Brauell, and L. M. Dennis and B. Dales founded analytical 
methods on the reaction. G. Kriiss and A. Loose, and W. Muthmann and C. R. Bohm 
found that potassium chromate precipitates the ceria earths in the order : La, Pr, 
Nd, and Sm ; and the yttria earths in the order : Tb, Yb, Er, Y, and Gd. J. E. Egan 
and C. W. Balke separated yttria from terbia and gadolinia by this method, but 
B. S. Hopkins and C. W. Balke found that erbia and holmia cannot be completely 
separated from yttria by the chromate method, but the other yttria earths can be 
separated. According to C. James, the method is valuable for rapidly preparing 
yttria of a high degree of purity from the crude yttria earths freed from ceria earths 
and terbia— vide supra. 

16. Fractional decomposition of the carbides. —H. Moissan found that the 
carbides of zirconium, iron, etc., are not decomposed by water, while the carbides of 
thorium, the rare earth metals, calcium,etc., arc decomposed by water. They are 
made by heating the metal oxides with carbon in the electric arc furnace. When 
the finely powdered carbides of the ceria earths arc treated with very dil. nitric acid, 
and the soln. evaporated to dryne.ss, and ignited, white ccrimn oxide is said to bo 
formed, B. Brauner showed that the white colour may be taken to indicate that 
jnuoh thoria was present. H. Moissan and F. Lengfeld converted zircon into a 
form susceptible to attack by acids by converting it into carbide; and W. Muthmann 
and co-workers treated monazite in a similar way. 

17. Fractional precipitation with potassium ferrocyanide. —N. J. Berlin ** obtained 
a white precipitate by the addition of potassium ferrocyanide to a soln. of yttria 
earths; L. T. Lange, A. Brauell, and P. T. Clevc obtained a non-crystalline pre¬ 
cipitate with soln. of salts of ceria earths, and with thorium ; and H. Rose, H. Sjfigren, 
and R. Hornberger obtained precipitates with soln. of zirconium salts. H. A. Row¬ 
land, H. Behrens, W. Crookes, A, Bettendorf, etc., recommended fractionally pre¬ 
cipitating a neutral soln. of the mixed earths by means of a sat. soln. of potassium 
ferrocyanide, so as finally to concentrate all the erbium in the first fraction. 
P. S. Willand and C. James tried potassium ferrocyanide for the separation of erbia 
from 3 rttria earths. J. P. Bonardi and C. James effected a rapid separation of 
yttrium from yttria earths by precipitation with potassium cobalticyanide. They 
say that the method is without doubt one of the most rapid known. P. 8. Willand 
and C. James also tried the same reagent for the separation of erbia from yttria 
earths. 

18. Fractional precipitation at basic nitrates and sulphates. —C. G. Mosander 
found that when ceric sulphate is largely diluted with water, a yellow basic salt 
is deposited, owing to the hydrolysis of the ceria salt. R. Hermann applied the 
reaction to the purification of ceria. According to the former, the mixed oxides 
are digested with cone, nitric acid, and the insoluble portion is dissolved in cone, 
sulphuric acid. An excess of acid is avoided. The two soln. are mixed, largdy 
-diluted with water, and boiled—basic ceric sulphate is precipitated. The washed 
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precipitate is rediasolvcd in sulphuric acid, and reprccipitated. B. Brauner prfe- 
lerred fo work wholly with nitric acid because an excess is not so harmful as is the 
case with sulphuric acid, since ceric nitrate is more easily converted into the basic salt 
than is the case with ceric sulphate. C. G. Mosandet’s method of purifying ceria 
was for a long time considered the best; it was employed by H. Holzmann, 
C. F. Bammclsbcrg, C. C'zudnowicz, E. Hermann, T. Lange, C. Wolf, C. H. Wing, 
, C. Erk, H. Biihrig, R. Bunsen, J. C. G. de Marignac, etc. The properties of the 
’ Salt have been studied by B. Brauner and co-workers, B. J. Meyer and co-workers, 
W. Muthmann and H. Bolig, etc. The formation of a basic zirconium sulphate 
was observed by J. J. Berzelius, H. Endemann, S. R. Paykull, 0. Hauser, etc. 

R. Bunsen evaporated a nitric acid soln. of the mixed earths to a syrupy con¬ 
sistency and poured the product into a large vol. of water sli^tly acidified with 
nitric acid, the precipitate of basic ceric nitrate was washed andmried. B. Brauner 
said the ceria formed by the ignition of the basic nitrate is practically pure, but 
H.«Behtena stated that it contains both neodymium and samarium. The basic 
ceric nitrate process has been used by B. Hermann, C. Czudnowicz, C. F. Rammels- 
berg, If. Zschiesohe, 0. Krliss and L. F. Nikon, G. P. Drossbach, R. J. Meyer, 
W. N. Hartley, H. Robinson, etc. The process of G. N. Wyrouboff and A. Vcrnenil, 
and J. Sterba is as follows : 


The mixed oxides are gradually added to about four times their weight of cold, cone, 
nitric acid, and warmed to fiO ’-OO” towards the end of the operation. The dark rod soln. 
is allowed to stand for 2t lire.; decanted from any insoluble residue ; and evaporated on 
a water-bath until the syrupy liquid solidifies on cooling. The product is dissolved in 
an amount of water equal to 10-110 times the weight of the oxides used ; a gram of 
ammonium chloride i>er litre of liquid is added, and the soln. hoiletf for a quarter of an hour, 
llie Jiale, greenish-yellow preci|>itute so obtained is a mixture of basic ceric nitrate and 
Sulphate, 'rite precipitate is washed in a dil. soln. of ammonium nitrate and sulphate. 
The preoipitato contains nearly all the cerium, but a little may still Ite present in 
the filtrate. This can lie removed by the hydrogen dioxide or by the ammonium sulphate 
process descrilied lielow. ,T. Sterba moilifi^ the method by oxidizing the cerous nitrate 
to cerio nitrate by means of a current of about 0‘7 amp. and 2 volts, the liquid containing 
about 1 per cent, of nitrio acid. The eerie oxide is precipitated with ammonia and a small 
quantity of ammonium sulphate,, and the procipitato washed with water containing 6 
por cent, of ammonium nitrate and 1 per cent, of ammonium sulphate. The process is 
repeated until the sulistance shows no absorption spectrum of impurities. 


N. J. Berlin found that the nitrates of the difierent rare earths decompose at 
different temp., and the work of J. C. G. de Marignac, P. T. Cleve, L, F. Nikon, 

G. Krttss, 0. Boudouard, G. and E. Urbain, etc., has shown that the order of decom¬ 
position is the same.as the order of their basicity; and, commencing with the least 
basic and most readily decomposed, this order is : Zr, Th, Ce (ic). Sc, Yb, Tm, Er, 
Ho, Tb, Sa, Qd, Nd, Pr, La. The. mixture of nitrates is ignited at a relatively low 
temp., cooled, and extracted with hot water; the nitrate decomposed to form a 
basic nitrate remains undisaolved. The filtrate is evaporated to dryness, and the 
operation repeated. Details arc described in the preceding section. The method 
has been very frequently employed. By this process, A. Bettendorf, and A. Damour 
and H. St. C. Dcville separated lanthanum and didymium; and J. C. G. de Marignac 
was led to the discovery of ytterbium; and L. F. Nikon, to that of scandium. 

H. C. Kremers and C. W. Balke found that holmium and yttrium cannot be separated, 
but if samarium be present, the separation is easy and rapid. This k the so-called 
basic nitrate process. P. H. M. P. Brinton and G. James obtained good results by 
this process in separating the erbia earths. 

H. Debray fused the mixed earths with 8 to 10 times theur weight of potassium 
nitrate at 300°-650° for some hours; the cerium nitrate was alone decomposed, and 
on extraction with water remains insoluble, while lanthanum and didymium nitrates 
pass into soln. This is the so-called DAray't basic nitrate proceaa. L. M. Dennk 
and W. H. Magee showed that the temp, of fwion of the nitrate used by H. Debray, 
VM. 326°, is so near the decomposition temp, of didymium nitrate (300°) that the 
basic cerium nitrate is contaminated with basic didymium. nitrate. They preferred 
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to work with an equimolar mixture of sodium and potassium nitrates, fusing at 231°, 
and so bring the m.p. above tbe decomposition temp, of cerium nitra^, 200'i 
and below that of didymium nitrate. 

19. Fractional precipitation with alkali nitrates. —The alkali nitrates were found 
by H. Erdmann,and L. Pissarjewsky to precipitate thorium hydroxide from soln.'' 
ofits salts ; and with neutral soln. of zirconium salts, the precipitation of zirconium 
hydroxide is complete. G. KrUss and A. Loose found that the reaction with tho 
rare earths is not suited for the separation of ytteria and ceria earths. C. James and 
co-workers found that if the yttria earths be dissolved in nitric acid, diluted, boiled, 
and mixe^ with a boiling soln. of sodium nitrite, the yttrium concentrates in the 
later fractions, and the isolation of yttria is effective and rapid if terbium be absent. 
B. S. Hopkins and C. W. Balke also found that yttria is rapidly separated from 
holmium and erblhm earths by this process. K. A. Hofmann and 0. Burger 
evaporated to dryness a soln. of sodium nitrite with thulniimn, holmium. 
dysprosium, and erbium nitrates. When tho dry residue was extracted with wi|tcr 
most of the erbium oxide remained insoluble. 

20. Fractional precipitation by the acids of phosphorus, arsenic, and mnadiutn .— 
W. Hisingcr and J. J. Berzelius,** and J. C. G. de Marignac found that phosphoric 
acid precipitated the ceria earth phosphates from soln. of the salts ; L. N. Vauquelin, 
and R. Hermann, that it precipitates zirconium and thorium phosphates; but, 
according to L. N. Vauquelin, yttria earth phosphates are not precipitated under 
like conditions. P. T. Cleve, G. Wyrouboff and A. Verneuil, and (I. Volck found 
that with thorium salts the precipitation by orthophosphoric acid is quantitative. 

L. N. Vauquelin showed that all the rare earths are precipitated by sodium 
phosphate; and, added A. Loose, secondary sodium phosphate precipitates the 
primary phosphate of yttrium. H. G, Holden and C. James tried fractionally 
precipitating the yttria earths with ammonium phosphate, monomethylphosphate, 
and diraethylphosphatc. P. S. Willand and 0. James tried sodium phosphate for 
the separation of erbia from yttria earths. J. C. Morgan and 0. .lames found the 
solubilities of the dimethylphosphates expressed in parts of salt per 100 parts of 
water at 2.5°, to be: 

La Co ■ I’r NU Sa (M V Kr Yb 

103-7 70-0 041 56-1 36*2 230 2-8 1-78. 1'2 

The subject was also investigated by L. Jordan and B. 8. Hopkins. P. T. Glove 
showed that pyrophoephoric acid gives a voluminous precipitate with soln. of thorium 
salts. A. Rosenheim and T. Triantaphyllides found that both cerium and thorium 
pyrophesphates are precipitated by sodium pyrophosphate, but the former is alone 
dissolved by hydrochloric acid. 0. Kauffmann noted that thorium salts are pre¬ 
cipitated by hypophosphorous acid. V. Wirth found that when this acid or sodium 
hypophosphite is added to a soln. of the rare earths in hydrochloric acid, thoria is 
alone precipitated as hypophosphite. With soln. of the earths in sulphuric acid 
sodium cerium earth sulphates ate precipitated as well. This is avoided by pre¬ 
paring the hypophosphoric acid in soln. either by the oxidation of yellow phosphorus, 
or by the an^ic oxidation of copper phosphide. 0. Kauffmann obtained a white 
precipitate by treating thorium salts with phosphorus or hyphosphorous acid. 
H. C. Holden and C. James tried fractionally precipitating the yttria earths with ■ 
sodium phosphite, and with sodium hypophosphite. 

21. Fractional precipitation vrilh arsenates and mnadates. —W. Hisingcr and 
J. J. Berzelius *2 obtained no precipitate by adding arsenic acid to soln. of ceria 
earth salts, but J. C. G. de Marignac found that when arsenic acid is boiled with 
didymium salts a precipitate is produced which does not dissolve readily in acids. 

M. H. Klaproth, and N. J. Berlin found that potassium arsenate gives an insoluble 
gelatinous precipitate with yttria earths. J. J. Berzelius obtained a similar 
cipitate with thorium salts. G. Krttss and A. Loose separated samarium, lanthamUn, 
and didymium salts frqpt scandium, ytterbium, erbium, and terbium salts by 
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fractional precipitation with this reagent; and H. C. Holden and C. James tried 
sodium arsenate as a fractional precipitant for the yttria earths. 6. KrUss and 
A. Loose obtained poor results with potassium arsenite. 

J. J. Berzelius noted that neutral alkali vanadates give a precipitate with soln. 
of the yttria earths while acid vanadates give no precipitation; neither neutral 
nor acid vanadates give a precipitate with zirconium salts ; and thorium salts behave 
like the yttrium salts. C. Volck found thorium salts are quantitatively precipi¬ 
tated by salts of metavanadic acid. 

22. Fraetional precipitation with tungstates and molybdates. —N. J. Berlin*’ 
found that sodium tungstate with coin, of yttria earths gives a white sparingly 
soluble precipitate; F. Frerichs and F. Smith, A. Cossa, M. Zechini, and 

F. R. M. Hitchcock obtained similar results with cerium, lanthanum, neodymium 
and praseodymium salts. J. J. Berzelius found thorium salts behave similarly, 
while zirconium hydroxide dissolves in a boiling soln. of potassium paratungstate. 
W. Gibbs stated, that the precipitates given by soln. of the rare earth salts with 
phosphotungstic acid are probably simple tungstates. J. P. Bonardi and C. James 
obtained poor results in trying sodium tungstate for separating the yttria earths. 

N. J. Berlin found that an alkali molybdate with soln. of yttria earths gives a 
curdy precipitate insoluble in water. W. Hisinger and J. J. Berzelius, and A. Cossa 
obtained similar results with soln. of ceria earths: and F. R. M. Hitchcock with 
neodymium and praseodymium. J. J. Berzelius, and J. J. Chydenius found thorium 
salts behave similarly. W. Gibbs also stated that phosphomolybdic acid probably 
precipitated simple molybdates. 

2.3. Fractional precipitation with formates, —J. J. Berzelius ** found that thorium 
formate which is soluble in alcohol and in hot water, is decomposed by cold water 
(the hot soln. does not become tnrbid), and M. Delafontaine could not purify the 
salt by recrystallization. L. Haber found that sodium formate could be used as 
a precipitating agent in the purification of thoria. When zirconium salt soln. arc 
boiled, hydrated zirconia is precipitated ; with cerium, sparingly soluble salts are 
formed in cold and hot water. H. Behrens found ammonium formate precipitated 
the ceria earths but not the yttria earths. K. Postius did not get good results by the 
fractional soln, of the. finely divided earths in dil. formic acid. 

24. Fractional precipitation with acetates. —Unlike the salts of most tcrvalent 
metals, the addition of an alkali acetate to a soln. of a rare earth salt gives no pre¬ 
cipitate when the soln. is boiled ; so that the hydrolysis of the rare earth salts under 
these conditions is relatively small. In this respect, too, the salts of the rare earths 
differ from the salts of tetra valent cerium, thorium, and zirconium for the salts of these 
tetravalent elements, when boiled with sodium acetate give sparingly soluble basic 
acetates. 0. Boudouard *’ claimed to confirm P. Schtttzenberger’s observation 
that ceria is complex, by fractionally precipitating thoria-free cerium sulphate as 
acetate, but G. WyroubofI and A. Verneuil showed that a mistake had been made. 
N. A. Orlotf also claimed to purify ceria in the form of its acetate. Even sparingly 
soluble salts of the rare earths usually dissolve when digested with a soln, of 
ammonium acetate. G. KrUss examined L. de Boishaudran’s method of separating 
orbia, holmia, thulia, and ytterbia earths based on the retarding action of ammonium 
acetate on the precipitation of the rare earths by ammonia, but obtained unsatis¬ 
factory results. M. Delafontaine investigated the action of ammonia on yttrium 
acetate. The solubility of thorium oxalate in soln. of ammonium acetate was 
noted by R. Finkener, H. Rose, G. P. Drossbach, C. Glaser, and E. Benz; the 
solubility of the double potassium sulphate, by G. Urbain, L. M. Dennis and 
E. M. Chamot, and L. StUtzel; and H. BSekstrSm, and P. T. Cleve noted that 
titanium and zirconium oxides are precipitated when soln. containing ammonium 
acetate are boiled. 0. Popp, and R. J. Meyer and M. Koss noted the quantitative 
precipitation of ceric oxide from neutral soln. by sodium acetate, while didymium 
and lanthanum remain in soln. L. M. Dennis and B. Dales, C. G. Mosander, and 

G. KrUss fractionally precipitated the yttria earths by adding dil. acetic acid drop 



THE RARE EARTHS 


669 


by drop to a soln. of the hydroxides in ammonium carbonate. Terbia and ytfria 
accumulate in the first fractions, holmium, thulium, and dysprosium in the middle 
fractions, and erbium and ytterbium in the last fractions. 

25. Fractionation hy precipitation ivith etearic acid. —C. W. Stoddart and 
C. W. HilM® found that the j^tria earths can be separated from monazite, gadolinite, 
and samarskite by the addition, drop by drop, of a 50 per cent, hot alcoholic soln. 
of potassium stearate to a cold vigorously stirred soln. of the neutral nitrates and 
in quantity sufficient for the precipitation of a fractional portion of the earths present. 
The more basic earths precipitate first. It is said that the precipitate formed is 
easily filtered and washed, the precipitant cheap, the separation sharp and distinct. 
For the preparation of pure yttria from inonazite it is decidedly the best method 
known, and yttria is one of the most difficult rare earths to separate pure. Only 
one reagent is necessary, and few fractionations are required, thereby saving a great 
amount of time, as well as of material, in a large number of manipulations. 

26. Fractional precipitation with oxalic acid or the oxalates. —C. (1. Mosander 
introduced a method for the separation of the rare earths based on the varying 
solubilities of the o-xalates in water. The details of the original method have 
undergone many modifications; and advantage has been taken of the varying 
solubilities of the rare earth oxalates in dil. mineral acids in oxalic acid, and in 
soln. of alkali or ammonium acetate and of alkali or ammonium oxalate —vide 
supra. In one method the boiling soln. of the. nitrate, just acidified with nitric acid, 
is treated with oxalic acid added drop by drop until a slight permanent precipitate 
is formed ; the soln. is allowed to cool, and the precipitated nitrato-oxalate filtered 
off. The filtrate is again treated as before. The ceria earths and thoria are pre¬ 
cipitated in the order : Th. Sa, Nd, Pr, Cc, ha ; and in the ease of the yttria earths, 
in the order ; Tl>, Ku, (Id, Dy, Ho, Tm, Er, Sc, Yb, and Y. In this way J. (!. (1. do 
Marignac, B. Brauner, and K. Bunsen separated lanthanum from didymiiim; 
neodymium has likewise been separated from samarium and the yttria earths, and 
ytterbium from erbium. The method was modified byF. Wirth by precipitating 
alt the earths as oxalates, and fractionally dissolving the precipitate in sulphuric 
and oxalic acids; B. Brauner found the solubility of the oxalates in ammonium 
o.xalate to be in the relative order: Th (2663), Y’bfKM), Y (lO ftd), Ce (1'8), Nd (1’44), 
Pr(113), and La (10), and he separated thoria from ceria by this means. C. A. von 
Welsbach separated a mixture of dysprosium, holmium, erbium, and ytterbium; 
and N. A. Orloff separated cerium and thorium from the other ceria earths. 
0. .James found the elements scj)arated from a hot ammoniacal soln. of ammonium 
carbonate in the order; Tb, Y, Dy, Ho, Er, Tm, Yb, Lu, and in this way rapidly 
separated erbium from dysprosium, holmium, and terbium. M. Ea|)osito separated 
lanthanum from didymium by using nitric acid as solvent; C. G. Mosaniler used 
potassium hydroxalatc for separating ceria and yttria earths ; and M. Delafontaine 
used the method for separating the gadolinia earths. A. J. Grant and C. James 
tried 20 per cent. soln. of the amine oxalates as solvents, but the solubilities of the 
various oxalates were too close together for successful applications. P. 8. Willand 
and C. James tried ammonium oxalate for the separation of erbia from yttria earths. 

27. Fractional precipitation with succinates, —According to A. G. Ekeberg,** 
yttria earths are not precipitated by alkali succinates, while beryllia earth is pre¬ 
cipitated. This does not agree with the observations of others. N. J. Berlin stated 
that yttria earths are not precipitated at once by sodium succinate, but after a 
few minutes, the liquid becomes turbid, and a fine crystalline powder is deposited, 
but M. H. Klaproth said no precipitate is formed and the mixture dries to a viscid 
mass. J. P. Bonardi and C. James precipitated yttria earths from boiling soln. 
mixed with sodium tartrate. T. Thomson, and H. Behrens found that, Hke oxalic 
acid, succinic acid produces a crystalline precipitate with soln. of cerium salts and 
the precipitate is not soluble in excess; ammonium succinate precipitates soln.' 
of cerium chlorides or nitrates. W. Hisinger and J. J. Berzelius found that acetates 
are not precipitated by ammonium succinate, and hence they recommended this 
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agent lot separating iron from these earths, J. J. Berzelius, 0. Kanffmann, and 
J. Schilling found that thorium is quantitatively precipitated by mmonium or 
potassfum succinate, but that only 90',6 per cent, is precipitated by sodium succinate. 
V. Lehncr, and B. 0. Benner found that if a soln. of sodium succinate be added drop 
by drop to a one or two per cent. soln. of the nitrates of the yttria earths, a fraction 
containing terbia, holmia, europia, with some yttria is precipitated, while europia, 
yttria, Samaria, and small quantities of holmia remain in soln. P. S. Willand and 
0. James tried ammonium succinate for the separation of erbia from yttria earths. 

28. Fractional precipitation with tartaric acid and the tartrates.-—'^. J. Berlin 
observed the formation of an insoluble white precipitate when alkali tartrates are 
added to soln. of yttria earths; and H. Rose, A. Brauell, and R. Fresenius and 
E, Ilintz found that this behaviour is characteristic of the yttria earths in contrast 
with the other rare earths. The precipitate obtained by adding ammonium tartrate 
to a neutral soln. of the rare earths is readily soluble in acids, and in an excess of 
the precipitant. According to W. Hisinger and J. J. Berzelius, M. H. Klaproth, 
A. Brauell, and T. Thomson, in the presence of tartaric acid, the precipitation of 
the earths by sodium hydroxide is completely inhibited; potassium hydroxide under 
these conditions gives a precipitate with the yttria earths when the soln. are boiled, 
and ammonia gives a precipitate with the yttria earths even in the cold. L. Haber, 
and A. Rosenheim and co-workers showed that the precipitates are double alkali 
tartrates. The ceria earths give no precipitates under these conditions. 
.1. J. (Ihydenius, P. T. (llevo, I,. Haber, and 0. Kaulfmann studied the precipitation 
of soln. of thorium salts by tartaric acid ; and J. Schilling, by ammonium tartrate; 
M. H. Klaproth, L. N. Vauquelin, R. Hornberger, and L. Haber, the precipitation 
of zirconium salts by tartaric acid, and the alkali tartrates. Zirconium tartrate is 
soluble in soln. of potassium hydroxide, sodium tartrate, and sodium acetate. 
According to F. P. Venable and A. W. Belden, zirconium hydroxide is soluble in 
ammonium tartrate. H. Behrens said that soln. of cerium salts give a curdy pre¬ 
cipitate with soln. of ammonium pyrotartrate, which is readily dissolved by free 
acids. 0. Ij. Barneby fractionated an acetone soln. of the rare earths by a soln. of 
tartaric acid in the same solvent—erbium, holmium, and dysprosium arc precipitated 
with the first fractions, and yttrium last; cerium concentrates with the first fraction, 
and didymium with the yttrium. 0. L. Barneby, and P. 8. Willand and 0, James 
tried the process for the separation of erbia from yttria earths, but the latter found 
it not suitable. 

29. Fractional precipitation with citric add and the citrates. —N. J. Berlin 
and J. P. Bonardi and C. James found that alkali citrates precipitate the yttria earths 
from soln. of their salts ; at first, the white precipitate dissolves as it is formed, but 
later, it remains permanent. Yttrium citrate is soluble in an excess of sodium 
citrate, especially when freshly precipitated, and undried; the soln. is not pre¬ 
cipitated by alkali carbonates or hydroxides, but it is by potassium oxalate. The 
presence of citric acid hinders the precipitation of the rare earths by ammonia, or 
alkali hydroxides. M. H. Klaproth, W. Hisinger and J. J. Berzelius, and L. Haber 
found the ceria earths are not precipitated by citric acid, but if the oxide be treated 
with citric acid, insoluble compounds are formed which do not dissolve in an excess 
of the acid. C. Baskerville purified praseodymium by precipitation as citrate. 
J. J. Ohydenius, L. Haber, 0. Kauffmann, C. Baskerville, H. Erdmann, L. Pissarjew- 
aky, £. Benz, and J. J. Berzelius studied the precipitation of thoria by citric acid 
and the citrates; and L. N. Vauquelin, L. Haber, and H. Harris, the precipitation 
of zirconia by the same reagents. 

30. FracHoml precipitation with organic sedis. —G. Urbain tried a number of 
salts like the acetates, cUoroacetates, butyrates, etc., but noticed no special advantages 
over the ordinary methods. A. Mandl found that salts of (i) formic, acetic, mono-, 

ndi-, and tri-chloroaoetio, acetoacetic, succinic, fumaric, tricarbidlylic, aconitic, benzoic, 
m- and p-oxybenmk, (rttnestc, or baaoylfomdc acid gives a precipitate with zirconium. 
nitrate soln.; (ii) glyooUio, ^ylenelactk, glyceric, tartronic, nuuic, tartaric, saccharic. 
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mt^i lrwaybenzou: (gallic), dioxybenzoic{remc;^ic),citric,phenylglycoUic, or quinolie 
acid gives a precipitate which dissolves in excess and ammonia gives no precipi¬ 
tation ; (iii) o-oxybettzoic (salicylic), o-phthalic, or bemalmalonic acid gives a precipi¬ 
tate when warm, but no precipitation occurs with ammonia in the cold; (iv) oxalic, 
malonic, maleinic, or maleic acid gives no precipitate, but the clear soln. gives a 
precipitate with ammonia. H. Erdmann and T. Nieszytka obtained precipitates 
with soln. of cerium salts and sodium naphlhalenemonosulphomle, mphlhakne disul- 
phonalc, naphthalene trisulphonate, naphthosulphonale, chromotropale, or anthraguine- 
sulphonale. H. Erdmann and P. Wirth studied the action of the hydroxynaphthalene 
sulphonic acids on the rare earths. 

A. Rosenheim and co-workers, and L. Haber showed that ceria earths are not jire- 
cipitated, but that thoria is precipitated from soln. of their salts by malic acid; 
N. J. Berlin said that alkali malates precipitate the yttria earths if an excess of 
the precipitant be not added. H. Behrens said ammonium malonate gives a llocculent 
precipitate with soln. of cerium salts. J. B. Trommsdorff said that the zirconium 
salt of valeric acid appears to be insoluble, and L. L. Bonaparte found that if this 
acid be added to a mixed soln. of cerium and didymium nitrates, pure cerium valerate 
is precipitated, whilst didymium with a little cerium remains in soln. According 
to H. Behrens, ammonium lactate can be used in place of the double sulphate or ‘ 
ammonium carbonate methods of separating the ceria and yttria earths. The thoria 
and the ceria earths remain in soln., while zirconium and yttrium lactates are 
precipitated. Soln. of ceria earths in lactic acid give no precipitate with ammonia. 
A. Brauell noted the formation of a sparingly soluble, non-crystalline, basic ammo¬ 
nium cerium lactate. W. Uibbs, and 1’. Waage also made observations on the action 
of lactic acid on soln. of salts of the rare earths. 0. Kanffmann found thorium 
salicylate is precipitated by potassium salicylate ; stkI H. Behrens found that soln. 
of salts of cerium earths, thorium, and zirconium give precipitates with ammonium 
salicylate, while salts of the yttria earths are not precipitated. L. A. I’ratt and 
C. James studied the action of salicylic acid on yttria. 

C. James and co-workers found that thoria is completely precipitated from 
the rare earths by adding a boiling soln. of sebadc arid to a hot neutral soln. of the 
earths. The other earths are not precipitated even when the soln. is boiled for a 
long time. Yttrium can be separated quantitatively from the alkali metals by 
means of ammonium sebacatc. T. 0. Smith. C. F. Whittemori' and C. James found 
that on fractionally precipitating a soln. of yttrium, holmium, and dysprosium 
chlorides with sodium cacodylate, the yttrium was cone, in the earlier fractions, while 
the holmium and dysprosium collected in the later ones; with the cerium group, 
neodymium collected in the more soluble fractions, and samarium and gadolinium 
in the less soluble ones. C. James and co-workers studied tbe action of cacodylic 
acid on samaria and neodymia. R. J. Meyer and J. Wuorinen found that with 
phthalic acid, the most positive elements remain longest in soln., and the weakly basic 
ones accumulate in the first precipitates, and they were able to separate the members 
of the yttria group with good results. A. Kolb and H. Ahrle, showed that m-nitro- 
benzoic acid precipitates thoria and ceria salts, but not cerous salts and those of 
lanthanum and didymium. The precipitation of thoria is more complete, in the 
presence of a little aniline. J. P. Bonardi and C. James did not get useful results 
with sodium m-niirobenzoate and the yttria earths, and they also tried the sodium 
phenoxyacetate, sodium camphorate, sodium azobenzenesulphomte, but with poor 
results. C. James and co-workers studied the effect of methylsulphonic, melhylen^ 
disulphonic, melhanetrisulphonic, ethylsulphonk, propylsulphonic, isobutylsulphonic, 
camphorsulphonk, melhoxysulphonic, methanetrisulpmnic, phthalic, phenylacelic, phe- 
rsoxyac^ic, ethylenedisulphonic, m-xylenesulphonic, citraconic, sulphoaeelic, hydroxy- 
ethanesulphonic, m-sulphobenzoic, quinic, anisic, and oxanilic acids, and dhyl glycol- 
late, on yttria, samaria, and neodymia. P. 8. Willand and C. James tried malortfc 
acid in acetone soln,, and with sodium diphenylnumosulphonate lot tbe separation of 
erbium faom yttrium, but the results were not satisfactory. H. Erdmann and 
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F, Wirth found that malonic acid gives no precipitates with the rare earths, but 
they prepared a number of rare earth malonates. P. S. Willand and C. James found 
that with picrtc acid the erbium accumulates at the more soluble end of the series, 
but the results are not good. G. Jantsch and A. Grlinkraut fractioned the rare 
earths from xcnotime by glycollic acid. They found that yttrium glycollate is least 
soluble, then follow the salts of lanthanum, cerium, praseodymium, neodymium, 
samarium, and gadolinium. L. Jordan and B. S. Hopkins found that sodium 
glycollate is useful in removing the last traces of samaria from gadolinia. 
C'. James and co-workers also studied the action of glycollic acid on yttria, samaria, 
and neodymia. 

N. J. Berlin ^3 found that alkali henzoates do not give an immediate precipi¬ 
tation with soln. of the yttria earths; but one forms if the mixture is allowed to 
stand for some time in a warm place. H. Behrens found ammonium henzoati 
gives a precipitate with cerium salts. The action of benzoic acid was studied by 
W. Hisingcr and J. J. Berzelius, T. Thomson, and A. Brauell, the acid gives no 
precipitate with cerium salts. 0. Kauffmann found that thorium and zirconium 
salts give a gelatinous precipitate with alkali benzoates. 

in. Separation by frat^onal oxidation. —Those methods are mainly directed 
to the separation of cerium from the other rare earth elements, and they are based 
on the fact that, unlike the other elements of the family, cerium forms a strongly 
basic trioxido, Ce(0H)3, and a feebly basic tetrahydroxide, CeiOH)^. The basicity 
of cerium tetroxide is very near that of thorium hydroxide, Th(0H)4. Mixtures of 
the rare earths containing over 50 per cent, of ceria are usually only partially soluble 
in hydrochloric or nitric acid; but if digested with an excess of sulphuric acid, ceric 
sulphate is produced. This is insoluble in the excess of sulphuric acid. The mixed 
sulphates arc dissolved in cold nitric acid, and when the soln. is boiled with alkali 
hydroxide, the rare earth hydroxide is formed. This is readily soluble in nitric 
acid. G. N. Wyrouboff and A. VerneuilA'* and G. von Knorre showed that rare earths 
containing over .50 per cent, ceria are dissolved when heated with nitric acid if 
hydrogen peroxide be added from time to time. The soln. contains cerous nitrate. 
R. Bunsen showed that the mixture of rare earths is also dissolved by cone, 
hydrochloric acid if ammonium or potassium iodide be present. Iodine is liberated, 
and cerous chloride is formed. R. J. Meyer obtained a similar result with a mixture 
of hydriodio and cone, nitric acids. 

1.. Fractional oxidation by roasting .—When the rare earth carbonates, oxalates, 
nitrates, etc., are ignited, oxides are formed—cerium and thorium salts give dioxides, 
and the other rare earths, sesquioxides. When treated with dil. nitric acid, cerium 
dioxide is either insoluble, or very sparingly soluble dependent on the amount of 
lanthana or didymia which may be present. C. G. Mosander 35 used this method and 
separated lanthana and didymia from what was considered to bo pure ceria. 
H. Zschiesohe explained the brown colour of ceric oxide as a result of the com¬ 
bination of ceria and didymia. T. Kjerulf, B. Brauner, C. A. von Welsbach, 
P. Sohottlander, P. Mengel, R. .1. Meyer and M. Koss, etc., explained the great 
tendency of ceria to bo contaminated by didymia and lanthana to the formation 
of compounds of ceria oxide with the tervalent earths analogous to manganites and 
chromites. H. Zschicsche found some cerous oxide was always dissolved by the 
nitric acid. C. F. Rammclsberg, and F. M. Stapff, in order to ensure the complete 
oxidation of the ceria. fused the earths with potassium chlorate; and F. Frerichs 
and F. Smith repeatedly calcined the oxide moistened with nitric acid. P. Schott- 
l&nder, however, showed that cerium dioxide, like lead dioxide, manganese dioxide, 
eto., develops some oxygen with nitric acid, or chlorine with hydrochloric acid; 
and when dissolved in cone, nitric acid, a little of the ceric oxide is always reduced 
to cerous oxide. 

2. Fracliondl oxidation by chlorine or bromine. —C. G. Mosander 3® purified 
cerium by suspending the mixed oxides in a soln. of potassium hydroxide, 
and passing in a rapid stream of chlorine for a few hours. This converts all the 
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rare earths except cerium into soluble chlorides. The cerium remains undissolved 
as a light yellow powder of hydrated ceric oxide. R. Bunsen, T. Kjerulf, S. John, 
L. M. Dennis and co-workers, L. Haber, G. KrUss, K. Brockelmann, 0. Pettersson, 
L. Stlitzel, P. Mengel, 0. N. Witt, etc., found that a repetition of the process 
for a number of time.s is said to effect a complete separation of the cerium. 
J. L. Smith used the chlorine process for the separation of thorium which is pre¬ 
cipitated with the cerium. L. M. Dennis and F. L. Kortright also used it for separat¬ 
ing thorium from thorite. 0. Popp, R. Fresenius and E. Hintz, and 0. P. Drossbach 
used sodium or calcium hypochlorite in place of chlorine. P. E. Browning and 
E. J. Roberts found that the hydroxide, of lanthanum passes into soln. more rapidly 
than that of didymium. P. E. Browning, L. Haber, and W. Muthmaim and 
H. Rdlig, found that bromine can be more conveniently added than chlorine. With 
bromine, the hydrobromic acid produced towards the end of the operation does 
not act on the ceric oxide the same as does the hydrochloric acid produced when 
chlorine is employed. Iodine was also tried in place of chlorine. 

3. Fractional oxidation by potassium permanganate.—F. M. StapfF.^t a„j QiJjbg 
oxidized soln. of cerous sulphate, nitrate, and chloride with potassium permanganate; 
but the oxidation was incomplete. C. Winkler found that the oxidation was com¬ 
pleted in the presence of mercuric oxide, and hence the reaction : 3 CC 2 O 34 2 KMn 03 
-f H 2 O— 6 Ce 02 -)-' 2 K 0 H f 2 Mn 0 . 2 , eould be eiujiloyed for the quantitative deter¬ 
mination of cerium. F. Stolba substituted zinc oxide for mercuric oxide, and 
founded a volumetric process on the reaction; and the method was successfully 
employed by W.Muthmann and H. R6lig,C. James, G. P. Drossbach, P. E, Browning, 
etc. If zinc oxide and potassium permanganate be employed for ))reeipitating ceric 
oxide from soln. of the rare earths, the zinc salt is troublesome to remove, and 
(t. H. Bohm accordingly substituted the alkaline earths, or magnesia; and 
R. J. Meyer and A. Schweitzer recommended sodium carbonate which is now 
generally employed. E. J. Roberts recommends the following procedure : 

The rare earth soln., wliich should not contain salts othor than nitrates, is tteaied to 
boiling in a largo porcelain dish, and, if not already neutral, is neutralized with the sodium 
carbonate soln. 1710 soln. of porinanganato is added in small quantities until the red colour 
begins to bo permanent, and the mixed soln. of permanganate and alkali is tlion added very 
slowly, with constant stirring, the liquid being kept nearly at the b.p. during the whole 
process. A fault colour of permanganate is maintained all the time in the liquid, a little 
of the pure permanganate soln. being added if at any time the colour be entirely bleached. 
This is important, as the constant acidity of the liquid is thereby insured. When the 
cerium is nearly all precipitated, the colour is bleached more slowly after each addition of 
the precipitant, and the oflerveseonce is less noticeable. The acidity of the liquid sliould 
now be tested from time to time, which may be done with litmus-paper if only a slight 
excess of permanganate bo present. Small amounts of the mixed soln. or of sodium 
carbonate are added, until the liquid is nearly neutral to litmus, but still is faintly coloured 
with permanganate. The whole is heated, and stirred for about ten minutes, and filtered 
hot. Tlie precipitate is washed with boiling water till the washings give no precipitate 
with ammonia, 1 f the liquid at the end of the precipitation be faintly acid, the filtrate usually 
contains a trace of cerium giving a faint yellow colour with ammonia and hydrogen peroxide, 
while from the precipitate a preparation of cerium chloride may readily ^ obtaineil which 
shows no absorption bands in a thickness of 16 cms. of very cone. soln. The presence of a 
little cerium in the filtrate, where the eartlis in the latter are to bo subjected to fractional 
crystallization, is usually not objectionable. 

4. Fractiorud oxidalion by lead dioxide or bismuth telrozide. —In 1864, W. Gibbs ^8 
iutrodnoed a method ol separating ceria from the rare earths which was based on 
the oxidation oi cerous salts by boiling them with lead dioxide and nitric acid; 
H. Zschiesche used red lead in p^e of the dioxide; and in 1894, W. Gibbs sug¬ 
gested using bismuth tetroxide in place of lead dioxide. W. Gibbs’ leqd dioxide 
process is as follows ; 

Boil a mixture of the rare earth sulphates, with lead dioxide and nitric acid until a drop 
of the clear liotiid gives no precipitate with lead acetate. Small quantities of lead diordde 
and nitric acid are added from time to time a« the reaction proceeds. 'Hie soln. fa boiled 
for an hour and a half longer, adding nitric acid from tune to time to replace that 
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iMt bv evaporation. After cooling and eettUng. the clear Min. ia decanted off, and the lead 
eulohate ie digeeted several times with hot nitric acid so m to remove my rare 
earths entrained with the precipitate. The mam soln. and washmp are concen^t^ to 
a svrupv liquid, on a wator-bath, and poured into ten times its vol. of water, when basic 
ceric nitrate is precipitated. This is well washed with water, treaty with cone. suijApic 
acid, and heated to remove the excess of acid. The mass, digested in ice-cold water, gives 
a soln. of <-erous sulphate of a high degree of purity. 


The process was used by H. BUhrig, P. Mengel, H. Robinson, etc.; and the reaction 
was apirlied to the detection of small quantities of cerium by W. Gibbs, L. M. Dennis 
and W. H. Magee, G. Kriiss and L. F. Nilson, G. von Knorre, E. Fresenius and 
B. Hints, etc. G. von Knorre tried oxidizing cerous salts by boiling them with 
manganese dioxide and nitric acid, but the result was not satisfactory. C. H. Wing 
treated a coin, of a cerous salt with lead dioxide and sulphuric acid, so as to form 
the ceric salt. This was mixed with luteocobaltic sulphate, i.e. luteocohaltic 
tetramminotrisulphate, when crystals of the double salt, LGo(NH 3 )e](SO,) 3 .H 20 , 
are formed. The product contains a little didymium. 

5. Frcuiioml ojcidalion by hydrogen, sodium, or barium dioxide. —G. H. Bailey 
found that a soln. of zirconium sulphate or acetate gave with hydrogen dioxide a 
precipitate of zirconium peroxide, Zn^Os, under conditions where titanium, 
columbium, iron, and aluminium salts gave no precipitation. The reaction was 
investigated by H. Geisow and P. Horkhoimer, who found that in dil. soln. in the 
presence of hydrogen peroxide, iron hydroxide but not zirconium hydroxide is 
precipitated by alkali hydroxide. P. T. Clevc, and L. de Boisbaudran then found 
that in the presence of ammonia or the hydroxides of the alkaline earths, a thorium 
persulphate is precipitated. This reaction was studied by G. WyroubofI and 
A. Verncuil as a method of separating thoria from the rare earths. In applying 
the process, it is advisable to remove most of the ccria and yttria earths before 
applying the hydrogen dioxide process to avoid the entraining of these earths with 
the precipitated thoria. It is also necessary to use hydrogen dioxide free from 
phosphoric acid. E. Wedekind found that the presence of tartaric acid Linders 
the precipitation. G. Wyrouboff and A. Verneuil use the process in the following 
manner: 


To obtain thorium free from cerium, the eoln. of tbo nitratos is mixed with an excess of 
ammonium carbonate, and a small quantity of ammonium hydroxide added; all the thorium 
remains in soln. whilst the greater port of the other metals is precipitated. The sohi. is 
neutralist os exectly as possible with nitric acid, mixed with excess of hydrogen peroxide, 
and heated to 60°; ell the thorium is precipitated, and if the precipitate he dissolved in 
nitric acid, evaporated to dryness, rodissolVed in water, and the treatment with hydrogen 
peroxide repeated, very pure thorium is obtained. In the presence of large quantities of cerite 
oa^s, three or four precipitations may bo necessary. The formation of the compound, 
ThjOfN.O,, by the action of hydrogen peroxide constitutes a delicate end oharaoteristic 
test for thorium, and can be used for it« quantitative estimation. The oxynitrate eatmot, 
however, be heated or dissolved in acids without loss, and the following method ia recom¬ 
mended. The soln. of nitrates containing not more than 0‘6 grm. of oxide is evaporated to 
diymeas, mixed with 100 c.c. of woter and 10 c.c. of hydrogen peroxide, heated for a short 
time, and filtered. The precipitate, after washing, is transferred to a fiaak and dissolved 
in hot water containing ammonium iodide and hydrochloric acid, the soln. is precipitated 
with ammonium hydroxide, and the precipitate dried and heated. If the precipitate of 
oxynitrate be not white, it must bo r^asolvod in nitric acid, evaporated to dryness, and 
the prooess repeated. 

Q. Mid E. Urbain used the method to separate thoria from ytterbia. If a boiling 
sola, of lanthanum and didymium in the presence of sodium acetate be treated 
trith hydrogen peroxide, a peroxidized didymium acetate is precipitated which 
tediaaolves on cooling; this reaction enables didymium to be separated rapidly from 
lanthanum, which ia not precipitated. The basic ceric acetate is less soluble than 
the didymium salt. 

F. Mengel found that an ice-cold soln. of sodium peroxide added to a soln. of 
the rare earths, oxidises and oompletely precipitates the cerium as hydrated cerio 
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oxMe. The precipitaj® is well washed with cold water, dried at 120°-130‘’, redis¬ 
solved, and again precipitated. The product has a high degree of purity. H. Geisow 
and P. Horkheimer studied the process. 0. Wyrouboff, and C. G. Mosander noted 
that barium dioxide gave a precipitate with soln. of cerium salts, and A. Verneuil 
used this reagent for the approximate separation of thoria from the monasite 
earths. 

6. Fractional oxidation by ammonium or potassium persulphate. —G. von Knorre 
oxidized the cerous salts in a boiling neutral soln. of the rare earths by the addition 
of potassium or ammonium persulphate : KjSaOg-fHoO—K^SOjI HoSOgd 0. The 
soln. must bo kept neutral during the reaction, and this was done by allowing the 
reaction to proceed in the presence of barium or calcium carbonate, (i. Wyroubolf 
and A. Verneuil removed the last traces of cerium from ceria earths by this reartion, 
but instead of using an alkaline earth carbonate to keep the soln. neutral, they boiled 
the soln. with a mixture of sodium acetate and ammonium persulphate. If thorium 
be present, the soln. should be dil. enough to prevent the precipitation of thorium 
sulphate. 0. N. Witt and W. Thcel replaced the sodium acetate by precipitated 
calcium carbonate. 

7. Fractional oxidation with potassium Inromate. -C. James used potassium 
bromate for removing cerium from the rare earths. He boiled a neutral soln. of 
the nitrates mixed with potassium bromate, in the presence of some marble. The 
cerium was precipitated as basic eerie nitrate as described in the previous sc'ction. 
Ceria can thus be obtained free from other earths. 

IV. Separation by physical processes.— In a rigid system of classilicution, 
some of the basic salt processes would be more correctly desenibed as cases of frac¬ 
tional dissolution or decomposition by heat, K, A. Hofmann and G. Kriiss*^ 
suggested a possible means of fractionating the rare earths by shaking a soln. of one 
of their salts with charcoal free from phosphates because he found that the charcoal 
adsorbs the weaker bases first. About 0'5 grm. is adsorbed by 8 grins, of charcoal 
from 2 grms. of the mixture. 

1. Fractional distillation, or sublimation. —J. J. Berzelius and W. Hisingcr®® 
separated iron chloride from cerium chloride by fractional sublimation, the iron 
chloride volatilizes while cerium chloride remains. G. 1’. Drossbach passed • 
current of chlorine gas over a heated mixture of the. rare earths from monazite sand 
and charcoal. Thorium chloride volatilizes, and the less readily volatile chlorides 
of the ceria earths remain. 0. Pettersson studied the volatility of the rare earth 
chlorides, but his attempt at the fractional distillation of the anhydrous chlorides 
gave, negative results. R. J. Meyer and A. H. Winter showed that scandium can be 
freed from thorium by the fractional sublimation of the anhydrous chlorides. 
G. T. Morgan and H. W. Moss showed that scandium and thorium can be separated 
by the distillation of their acetylacetonates, for, at 8-10 mm. press,, thorium acetyl- 
acetonate begins to sublime at 160°, while the scandium salt sublimes at a lower 
temp., and, at atm. press., scandium acetylaoetonate sublimes undecomposed between 
210° and 260°, while at 260° the thorium salt decomposes into a brown charred 
mass. G. Urbain and co-workers found the method to be of use in separating small 
quantities of lutecium chloride from the less volatile neoytterbium chloride, 
^andium and thorium chlorides are also more volatile than lutecium chloride. 

2. Fractional electrolysis .—In 1879, L. de Boisbaudran separated didymium 
from the samarskite earths by electrolysis. G, Krflss stated that when a soln. of a 
chloride of a rare earth behaves upon electrolysis like a soln. of an hydroxide in 
dil. hydrochloric acid, chlorine and hydrogen are set free at the electrodes, the 
soln. loses more and more hydrochloric acid, and as the amount of the solvent 
diminishes, the hydroxide of the earth is precipitated in increasing ambunt. In 
this manner the rare earths can be removed from chloride soln. of mixtures of the 
earths, the amounts thus precipitated depending upon the strength of the current 
and the duration of the electrolysis. It is to be expected that those bases which 
are the weakest toward hydrochloric acid will first be precipitated as hydroxides as 



576 


INORGANIC AND THEORETICAL CHEMISTRY 


soon as a part of the hydrochloric acid is decomposed by the electrolysis. The 
stronger bases will remain in soln. as the more stable chlorides! In order to remove 
the hydrochloric acid uniformly from all parts of the soln. of the chlorides of the 
rare earths, electrodes of large surface were employed. E. F. Smith found that on 
electrolysis didymium is not precipitated either as nitrate or acetate although a 
partial precipitation takes place at the positive pole. B. Brauner, in the course of his 
study of peroxides, electrolyzed a soln. of didymium acetate with platinum electrodes 
and obtained on the negative pole a pale red crystalline crust containing didymium 
and acetic acid; while soln. of the nitrate and sulphate gave similar products. He 
observed no peroxide formation. G. Bricout, J. Sterba, and G. von Knorre studied 
the anodic oxidation of cerous salts. A. Classen separated iron from zirconium by 
the electrolysis of a soln. of ammonium zirconium oxalate. L. M. Dennis and 
B. J. Lemon electrolyzed neutral soln. of the rare earth nitrates using a mercury 
cathode and platinum anode, without a diaphragm, and found that with a neutral 
soln. of the nitrates of neodymium, praseodymium, lanthanum, and samarium, the 
lanthanum collets in the last fractions, and can thus be separated from the other 
earths of the didymium group. Lanthanum can be satisfactorily separated from 
praseodymium by this method. On the fractional electrolysis of the earths from 
xenotime, erbium collects in the early fractions and yttrium in the later fractions. 
In order to test if the fractional precipitation were caused by the ammonia formed in 
the cathodic reduction of the nitric acid, L. M. Dennis and P. A. van dcr Meulen 
employed a diaphragm cell, and fractionally electrolyzed a soln. of the chlorides 
and the nitrates of yttria earths from which nearly all the ceria and didymia had 
been removed. They found that the coloured earths concentrated in the earlier 
fractions, yttrium in the last fractions. The rate of separation is about four times 
ns great with the nitrates as with the chlorides. No ammonium salts were produced. 
L. M. Dennis and A. B. Kay found that a vigorous stirring of the liquid about the 
cathode accelerates the segregation of earths of higher at. wt. in the early fractions 
and gives a better cone, of the earths of lower at. wt. in the last fractions. In the 
fractional electrolysis of mixtures of thorium and the rare earth nitrates, thoria 
concentrates in the early fractious. ’ 
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§ 7. The Occurrence and Isolation o! the Cerium Family of Rare Earths 

Tho cerium family of elements is arbitrarily taken to include: cerium, Cc; 
lanthanum, La ; neodymium, Nd ; praseodymium, Pr; and samarium, Sa or Sm. 
As previously indicated, the criterion of this classification is the sparing solubility 
of the double sodium or potassium sulphates. The oxides are strongly electro- 
j)03itive, and form a series of .sesquioxides of the type R 2 O 3 , in which tho element R 
is tervalent. The strongly basic oxides form a series of well-defined salts. Cerium 
furnishes a well-defined dioxide, CoOj,, which is also basic, forming a series of eerie 
salts. Praseodymium forms an analogous oxide, Pr 02 , and neodymiimi an unstable 
dioxide. The basicity of ceric oxide, is much less than that of the se-squioxide 
ccrous oxide, (* 0203 . A numbiT of intermediate cerosoceric oxides have been pre¬ 
pared. Still higher oxides of the dilTorent members of the family have also been 
reported. Samarium forms a series of salts of the ty]>e SaXo which corresjwnd with 
the unknown ntonoxide, SaO. The high basicity of the rare earth sesquioxiiles is 
illustrated by the relatively large heats of <li.s 8 ociatioii of the sulphates as calculated 
by L. Wohler and M. Unmzweig,^ in(Ua*d, these values are the greatest hitherto 
observed for tervalent sulphates, and indicate that tho rare earths belong to the 
strongest bases. Those values ranged in the order of decreasing basicity furnish 
the series : La, Pr, Nd. 8 a, Ce, while the series : 

La, Ce(ous), Pr, Nd, Sa, (^e(ic) 

is derived from (i) the order in which the hydroxides are prerii)itated from soln. by 
alkali hydroxides or uq. ammonia ; or from (ii) the order in which the nitrates are 
decompo.sed by heat; or from (iii) tin; electrical conductivity of uq. soln. of the 
chlorides. 

The occurrence Ot the ceria earths. —Cerium occurs in a large number of widely 
distributed minerals, ortbite or ailanite, cerite, roschynite, yttroeerite, parisile, 
lanthanite, and a number of others which have been previously <lescribed. Monazitc 
is almost exclusively the source of cerium products on a conunercial scale. The 
cerium earths are really a by-product remaining after the extraction of thorium from 
monazitc. Ailanite and cerite are useil to a very small extent on a manufacturing 
scale. U is not alone the relative richness of the mincraLs in the cerium earths that 
determines its availability as raw material for the manufacture of cerium, but 
rather it 8 relative abundanc<'. Ailanite and cerite are con\paratively scarce minerals. 
Only a small proportion of the ceria earth by-products obtained in the manufacture 
of thoria from monazite are manufactured into pure cerium salts. 

Lanthanum is found in all the minerals containing cerium, and it occurs to the 
largest extent in lanthanite and heckelite: it is also in moderate jtroportions in 
ananito, cerite, and samurskite. Praseodymium and neoilymium <x’eur in all the 
minerals which contain cerium and lanthanum, but to a smaller extent. The term 
dtdymtum is often used as a grouping term to include both neodymium and praseo¬ 
dymium ; 'the group was formerly supiwwcd to be one element. It is curious that 
the ratio of Pr: Nd in minerals is very nearly constant 1 :2, so that nco<iymium 
apjMars to be twice as abundant as praseodyuuum. Samarium also accompanies 
cerium, in the cerium earths ; and when samarium itself is desired, the usual sources 
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are carite, allanite, samarskite, and euxenite. For the occurrence of thcao elemeuta 
in the sun and stars, vide infra, spectrum. 

The preparation ol ceria. —Among the rare earth elements cerium is unicme in 
tcadilyTorming a series of quadrivalent ceric eomjwunds which arc easily hydrolysed, 
forming sparingly soluble hydrated oxides or basic salts. In the ceric form, cerium 
behaves in many respects like thorium and zirconium, and as if it did not belong to 
the rare earth family; and in this form cerium can be isolated without the need for 
elaborate processes of fractionation. Ceria is obtained by the extraction of the 
roasted mixture of salts with very dil. mineral acids or a boiling soln. of ammonium 
chloride; by the extraction of the partially roasted nitrates or chromates ; with 
acids by the oxidation of cerium salts with chlorine, lead dioxide, potassium bromate, 
potassium permanganate, hydrogen dioxide, sodium dioxide, and potassium or 
ammonium persulphate ; by anodic oxidation ; by the hydrolysis of oxidized soln.; 
by treating the carbides with dil. acid ; by precipitation with o-toluidinc, jiyridine, 
or quinoline hydrochloride; by a sulphate, chromate, acetate, or valerate; by 
precipitation as potassium cerium sulphate or ceric ammonium nitrate; and by 
the partial solubility of the oxalate. These methods have been described in the 
preceding section. The most ex|ieditious and efficient methods are the basic nitrate 
process, the bromate ])roce8S, the permanganate |)roce8s, and the |)yridine hydro¬ 
chloride process-cirfc thoria. \V. Prandtl'-t described a process based on the use 
of cadmium nitrate as separating element. 

The purification of ceria has been discussed by J. Sterba, (}. Wyrouboft and 
A. Verni'uil, (j. P. Drosshach, K. J. Meyer, B, Brauner, A. Batek, t'. (!. Kieas and 
co-workers, A. ('. Neish, etc.—eiWc at. wt. of cerium. Cone. a<|. soln. of cerous salts 
should show no signs of the diilymium spectrum, Fig. 1. when viewed in layers 
10 12 cm.', thick. The colour of the ignited oxide should be pale yellow when cold, 
and show no signs of a .salmon, red, or brown tiid. H. Biihrig showed that the 
methods published prior to 1875 did not give pure ceria. W. Gibbs first purified' 
cerium to pass the spectroscopic ti'st. tVria can be purified by dissolving th<^ imjniro 
oxide in cone, nitric acid, and evaporating the soln. to a syrupy consistency. The 
cold mass is then dissolved in cold water, and boiled for Id 15 mins, so as to Jire- 
cipitate the basic nitrate according to the process previously described. J. Sterba 
found that four pr^ipitations as basic idtratc^ sullies' to chminati' the last traces of 
other rare earths from ceria. Another metlual is to apply the ammonium ceric 
nitrate process tour or five times, but this does not get rid of the other rare earths. 
The salt can also be freed from thoria by the recrystallization of C('rouB suljihatc 
a number of times. The thoria can also be removed by adding hydrogen dioxide 
to a hot, neutral, or feebly acid soln. 

The preparation ol Umthana. -According to If. Zschiesehi',* prior to W. Gibbs’ 
discovery of the lead dioxide teat for ceria in 18f)4, and the application of spectro¬ 
scopic tests, the methods of detecting ceria in the rare earths were so inadecjuato 
that it is almost certain that all the preparations were more or less ceriferous. I’lic 
preparation of highly purified lanthana is a far more serious undertaking than is the 
case with ceria. Lanthana has been obtained from the ceria earths, after the removal 
of cerium, by fractionation with ammonia, alkali hydroxide, magnesia, and aromatic 
bases ; by extracting the roasted oxides with mineral acids ; by the extraction of the 
partially roasted nitrates or chlorides with acids; by precipitation as oxalatsjs or 
chromates; by the action of smlium acetate and hydrogen peroxide ; by electrolysis; 
by the fractional crystallization of the nitrates, the double ammonium, sodium, 
magnesium, or manganese nitrates, double [lotassium carbonates, the sulphates, the 
ethylsulphates, the chlorides, the bromatos, m-nitrobenzene sulphonates, and the 
picrates. These methods have been describerl in the preceding section. The order 
of separation with the nitrates, ethylsulphates, bromates, and oxalates is Nd, Pr, La ; 
with the double nitrates, double carbonates, and m-nitrobcnzcnc sulphonates. 
La, Pr, Nd; and with the sulphates, I^a, Nd, Pr. The more expeditious methods 
for the purification of lanthana are the fractional crystallization of the double 
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ffisgnesiuni nitrate, and the double carbonate processes as recommended by 
B. J. Meyer. W. Prandtl and J. Hauchenberger used the basic ammonia process. 
The last traces of praseodymia are retained very tenaciously. C. James’ process 
of purification has been previously described. Purified lanthana is white, and a 
thick layer of an aq. soln. of the chloride or nitrate should not show the praseodymium 
absorption bands. 

The preparation olneodytaia. —Although didymium no longer appears in the 
list of elements, it is often convenient to prepare first what was formerly regarded 
as didymia before proceeding to separate it into its components neodymia and 
praseodymia. The fractionation methods employed for the preparation of crude 
lanthana also yield didymia. The separation of didymia into its components is 
more difficult than the preparation of lanthana; and neodymia is more difficult to 
purify than is the case with praseodymia. The fractionation of the double am- ’ 
moiiium nitrates from nitric acid for the separation of neodymium has been pre¬ 
viously described, and it was the method employed by C. A. von Welsbach < in his 
demonstration of the complex nature of didymia. W. Muthmann and L. Weiss 
recommend the double magnesium nitrate process, and W. Feit and C. Przibylla say 
that better results are obtained by using cerium as I'element siparateur. According 
to E. Dcmarfay, samarium can be eliminated from neodymium by the double 
magnesium nitrate process continued for four days’ working with four fractions; it 
can also be removed by the double ammonium nitrate process; or perhaps, best of 
all, by the double manganese nitrate process. The elimination of praseodymium 
is tedious. After ignition, purified neodymia has a blue colour which is not affected 
by a few tenths of one j)er cent, of praseodymia. If samaria and praseodymia be 
present, the blue absorption bands arc less sharply defined than when these im¬ 
purities are absent. G. P. Baxter and co-workers separated samaria and praseo¬ 
dymia by the fractional crystallization of the nitrate from cone, nitric acid. The 
bromatc fractionation also collects the praseodymium in the more soluble fractions. 
C. Baskcrville and E. Stevenson recommended fractional precipitation by passing 
hydrogen chloride into a soln. of the chlorides. 0. Holmbcrg, and C. Gamier 
purified neodymia by fractionating the m-nitrobehzenc sulphonates. The subject 
has been discussed by 0. C. Kiess and co-workers. 

. The preparation of praseodymia.—The preparation of praseodymia naturally 
follows as a sequel to the preparation of its congener neodymia by the double 
ammonium nitrate or the double magnesium nitrate process. The product may 
contain lanthana and neodymia. W. Feit and 0. Przibylla ^ eliminate the last traces 
of lanthana by crystallization of the cthylsulphates, bromates, or simple nitrates 
from nitric acid. G. P. Baxter and 0. J. Stewart used the double ammonium 
nitrate process in their work on the at. wt. of praseodymium. M. Esposito crystal¬ 
lized the oxalates from nitric acid. B. Brauner found that pure praseodymium 
dioxide, PrOj, separates when the nitrate is fused at 440°. N. A. Orloff purified 
praseodymia from lanthana by boiling it with a soln. of potassium permanganate 
and mercuric oxide, to which a soln. 6f cerium chloride is then gradually added. 
The precipitate obtained consists of the higher oxides of cerium and praseodymium, 
whilst the lanthanum remains in soln. The praseodymium is then separated from 
the cerium by any of the usual methods. 0. Baskerville and J. W. Turrentine said 
that praseodymia containing not more than 10 per cent, of lanthana, can bo purified 
in one operation by precipitating the hydroxides with ammonia, washing the pre¬ 
cipitate free from ammonia, dissolving it in a sat. soln. of citric acid, and filtering 
the soln. When heated to 100°, normal praseodymium citrate separates as an 
amorphous green powder which can be washed with water. R. J. Meyer could not 
support this claim. The last traces of neodymia can be removed from praseodymia 
by the fraotioimi crystallization of the double potassium carbonate, or the double 
ammonium, magnesium, or manganese nitrate. 

nw piqranrtioa Ol Mmaiia. —The samaria will be found in the mother liquors 
from the didymia extractions, and it will also be found with the less soluble portion 
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of the earths which are not insoluble in s sat. so!n. of sodium sulphate. The mOrs 
soluble fractions from the double ammonium nitrate, the ethylsulpbafe, or 
the bromate process, are converted into double magnesium lu'trates, and again 
fractionated from nitric acid of sp. gr. 1-3 as recommended by 0. Urbain,® 

E. Demaryay, and C. James and co-workers. The fractionation should be continued 
until the samariim has been eliminated from the more soluble fractions, and the 
less soluble fractions do not show the europium absorption bands. Crystals of 
magnesium nitrate are apt to separate during this fractionation since the single 
nitrate is less soluble than the double salt, it is therefore considered best to seed the 
supersaturated soln. with small crystals of bismuth magnesium nitrate. G. Urbain 
and H. I^combe recommended the fractional crystallisation of the double mag¬ 
nesium nitrates to which a little bismuth nitrate has been employed as separating 
element. 


Bsfxbzncss. 

* L. Wiihlcr and M. Grunzwoig, Ber., 46. 172fi, 1913. 

* J. Sterba, Ann. Chim. Phy»., (7), 2. 193, 1904; (H. Wyrouboflf and A. Vernciiil, t6., (8), 9, 
333, 1906 ; 0. P. Droeabach, Btr., 3606, 1900; R. J. Meyer, ZrU. anorg. Chem., 87. 878, 
1903; J. Koppel, ib., 18. 306. 1898; B. Brauner, t6., 84. 207, 1903; B. Braimer and A. Batek, 
ib., 84. 103, 1903 ; W. Prandtl and J. Rauchenberger, Brr., 53. 843, 1920; Zeit. anorg. Ckm„ 
120. 120, 1921; 122. 311, 1922; W. Prandtl and J. Isdech, ib., 127. 209, 1923; A. C. Neiah, 
Joum. Amrr. Chem. Soc., 31. 617, 1909; H. Bilhrig, Joum. prakt. Chem., (2), 12. 222, 240,1874; 
W.Gibb8,/lmcr. JoMm.*Scic«ff,(2),27.362,1864 ; Amer. Chem. Joum., ib. 1894; C.C.KieM, 
B. 8. HopkioB, and H. C. Kremers, Scient. Papers Bur. Standards, 421,1921. 

* H. ZBchiesche, Joum. prakt. Chem., (1), 107 . 68, 1896; R. J. Meyer, Zeil. anory. Chem., 41 . 
97, 1904; C. James, Joum. Amer. Chem. 8oe., 30 . 079, 1908 ; 84 . 767, 1912; (^ C, Kieaa, 
B. 8. Hopkins, and H. C. Kremers, Scient. Papers Bur. SUfndards, 421, 1921; W. Prandtl and 
J. Rauchenberger, Ber., 53 . 843, 1920; Zerl.nnorg. Chem., 120 . 120, 1922; W. Gibbs. Amer. 
Journ. Science. (2), 37 . 352, 1864. 

* C.A.TonWebbach, Jlfonatob.,6.477,1886; /Uud, Ificn, 112.1037,1903 ; W.Muth- 

mann and L. Weiss, Liebig's Ann., 381. 1, 1904; W. Keit and (’. Pnibylla, Zrit. anorg. Cl^m 
48.202,1906; E. Demaivay,Compl.;?«nd., 180.1019,1186, BKK); G. P. Baxter and H.C. Chapin. 
Joum. Amer. Chem. Soc,, 1, 1911; G, P» Baxter, W, H. Whitcomb, 0. J. Stewart, and 
H. 0. Chapin, i6., 38.302,1916 ; C. Baskerville and R. Stevenson, ib., 26. 64,1904 ; 0. Holmberg, 
Zeif. anorg. Chem., 53. €13, 1907; Bihang. Svenska Akad. llandl., 28. 6, 1903; G Gamier, Arch, 
Sciences Qenhe, (6), 40. 93, 199, 1916; C. C. Kiess, B. S, Hopkins, and H. C. Kremers, Scient. 
Papers Bur. Standards, 421, 1921. 

» N. A. Orloff, Chem. Ztg., 80 . 733, 1906 ; 81 . 116, 1907 ; B. Brauner, ib., 14 . 70, 1898; 17 . 
66.1901 ; M. Esposito, Proc. Chem. Soc., 22. 20. 1900 ; 28. 64, 1907 ; W. Peit and C. Prtibylla, 
Zeit. anorg. Chem., 43 . 202,1906; C. Baskerville and J. W. Turrentine, Joum. Amer. CAm. Soc., 
26. 46, 1904; G. P. Baxter and 0. J. Stewart, <6., 37 . 616, 1916; C. Baskerville, Zeit, anorg, 
Chem., 45 . 86,1906; R. J. Meyer, ib., 41 . 97, 1904. 

* G. Urbain, Joum. Chim. Phys., 4 . 31,105, 1905; Compt, Rend., 149 . 37, 1909 ; G. Urbain 
and H. Lapombe, ib,, 187 . 792,1903 ; 188 . 84,1904 ; K. L>emar 9 ay, »b., 180 . 1019,1900; C. James, 
Chem. News, 97 . 61,1908; Joum. Amer. Chem. Soc., 30 . 079, 1908 ; 84 . 767,1912 ; 0. J. Stewart 
and C-. James, i6., 89 . M05,1917 ; C. C. Kiess, B. 8. Hopkins, and H. C. Kremers, Scient. Papers 
Bur. Standards, 421,1921. 


§ 8. ITie Preparation oi the Hetali of the Cerioiu Family 

A few of the metals of the rare earths have been isolated, but usually in an impure 
state. All the metals of the cerium family of earths have been obtained more or 
less impure. 

The preparation of the oeiinm metali .—C. G. Mosander ‘ obtained cerium, 
lanthauum, and didymium by reducing the anhydrous chloride with heated sodium 
or potassium; A. Beringot, and F. Wdhler also made cerium in this way; 
J. C. Q. de Marignao, didymium; and C. A. Matignon, and M.A. Hunter, 
neodymium. The yield is poor. The metal appears in the form of a large numbtt 
of fine globules which give it the appearance of a powder. It is difficult to remove 
the Ukali chloride which is product; and the metal is liable to be alloyed with a 
Httie sodium <« potassium. H. Holdenhaum reduced cerium fluoride by heatii^ 
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it with an fixcees of calcium, or aluminium. The cerium was always alloyed with 
the reducing agent. Thus, the product with calcium contained 12 per cent, of 
calcium, a/id thi per cent, of cerium. It is necessary to cover the contents of the 
crucible with a layer of ealeimn (luoride in order to prevent oxidation during the 
reaction. If the cerium (luorid(! be mixed with ferric oxide, a cerium-iron alloy is 
produced. M. Moldenhaiier said that c(Tium oxide is not reduced by applying the 
thermite process, using aluminium, magnesium, or calcium as a reducing agent. 
0. A. Winkler reduced lanthana and ceria by means of magnesium; and H. Holm, and 
C. A. Matignon reduced the ceria by the same agent. 0. A. Matignon, E. C. Schiffer, 
W. Muthmann and L. Weiss, and A. Hirsch reduced cerium oxide with aluminium ; 
K. A. Kiilme used the thermite process; and A. Hirsch used calcium, carbon, or 
silicon. The last-named found that with carbon, and silicon, the products are 
carbides or silieides, and with the other three metals, alloys are produced. 
C. A. Matignon made praseodymium by reducing the oxide with magnesium. 
E. W. von Siemens and J. (}. Halske obtained cerium by heating the nitride or other 
compound of cerium with the elements of the nitrogem family, in the absence of air. 
(}. Siebert and E. Korten obtained the metal by heating the halides at a high temp, 
n the presence of a reducing agent—e.p. carbon. 

W. F. Ilillebrand and T. H. Norton - jirepared the metals cerium, lanthanum, 
and didymium in a coherent form by the electrolysis of the fused chlorides covered 
by a layer of ammonium chloride, and contained in a porous cell surrounde<l by a 
mixture of molten sodium and potassium chlorides, contained in a porcelain crucible. 
The anode was thin sheet iron, and the cathode iron wire. W. Muthmann and co¬ 
workers electrolyzed a fused mixture of 90 per cent, of cerous chloride, and 10 per 
cent, .of potassium and sodium chlorides in a water-cooled copper vessel. A current 
of 30-40 amps, and 12 15 volts was used, and the. electrodes were carbon. They 
also electrolyzed a soln. of cerium oxide in molten cerous tluoride using a current 
density of 8-10 amps, per sip cm. at the cathode, and 3 amps, per sq. cm. at the 
anode. The yield of metal corresponded with 57 per cent, of the current used. 
They showed that the materials employed should be free from silica or the metal 
will bo contaminated with silicide; pota.ssium fluoride, calcium fluoride, or 
cryolite cannot be employed with success in place of cerium fluoride. The 
electrolysis of a molten soln. of ceric oxide in cryolite yields an alloy of 
cerium and aluminium. If the electrolysis be conducted in the presence of 
carbon, cerium carbide is formed. According to A. Hirsch, cerium is best pre¬ 
pared by dehydrating ceric chloride in an atm. of hydrogen chloride, and electro¬ 
lyzing the fused chloride in an iron crucible, which serves as cathode, with a graphite 
anode. Sodium chloride, potassium fluoride, and barium chloride arc added in 
small quantities to the electrolyte to increase, the resistance of the bath afld check 
decomposition. The cerium thus obtained contains about 2 per cent, of impurities, 
consisting of Iron and of cerium oxide and carbide. It may be purified by amalga¬ 
mating with boiling mercury, skimming off the uudissolved impurities, and distilling 
in a vacuum in a quartz vessel lined with magnesia. 

W. Muthmann and co-workers found that since lanthanum, neodymium, and 
praseodymium melt at a higher temp, than cerium, while their chlorides melt at a 
lower temp., a higher temp, about the electrodes is required for the preparation of 
these metals by the electrolysis of the anhydrous chlorides in order to avoid the 
formation of a neutral regulus. This was secured by using very slender carbon 
electrodes, or by using an iron rod to which sticks of carbon were fastened. 
lAnthannm was obtained by using a current of 50 amps, at 10-15 volts; while 
with neodymium a current of 90-100 amps, at 16-22 volts was employed. In the 
case of praseodymium, it was necessary to avoid the formation of the dioxide and 
consequently a maximvim current of 70 amps, was used. The metals were purified 
by remelting them in crucibles made from purified magnesia, and covered by a 
layer of barium chloride. Ordinary crucibles must not ^ used since lanthanum, 
neodymium, and praseodymium attack the silicates. HetalUc samarium was 
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obtained with difficulty by the electrolysis of the fused anhydrous chloride mixed 
with one-third its weight of barium chloride, using a current of 1(X) amps, and a 
smalt carbon cathode. The metal is deposited ou the carbon from which it is sepa¬ 
rated by a layer of golden-yellow carbide. H. Kremers and 11. (!. Stevens pre 
pared lanthnmim by the electrolysis of the fuse<l chloride mixed with variable 
amounts of potassium fluoride and sodium chloride. The metal prejiared by the 
use of a tungsten cathode did not contain tungsten ; metal prepared in iron cells 
was always contaminated with iron. 
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1839 ; 48. 210, 1843; A. HeriiiKcr, it., 42. i34, 1842 ; K. Wiililer, lO., 144. 251, 1807; 
J. (}. de Miipgnai'. J wh. ('him. i'hifn., (3), 38. 148, IH53 ; (\ A. MaU^non, ih., (H), 8. 282, IIKW ; 
Comvt. Hetui., 131. 837. 8»l. 10(K); 'K. A. Kdhiio, IJ.S. Pal. No. 8I031U, MHW: (hrman Pnl.. 

D. H.P. 1794<>3, 118!4 ; M. A. Hunter, IhUrmt. ('omj. App. rA#>m.,8. ii, 125,1012; M. .Moldenhauer, 
('hfiH. Zig., 38. 147, 1014 ; II. Holm, ]i*ilriujr znr KmnttiU ihs C'lr, Muiichen, HH>2; A. Ilirw-ti, 
TrtoM. .\tnrr. KUctro<-h<m. Sor., 20 . 57, 1011 ; Joi4rn. Iml. Emj. ('hrui., 3 . 880, 1011 ; 4 . 05 . 
1012 ; ('. A. Winkler, Her., 23 . 772, 181)0; 24 . 873, 1801 ; K. (\ Schiffor, /Mit tfrhollra tltr (Wil- 
osi/de gfgtn Aluminium Ui hohfn 7Vwp>Ydwrf«, .Munchen, 1000; H. Kelleriniinii, fUbrr die 
IktritlfUmuj tif'A mrlalli.'ichin Cer* nnd seim yfrbitultingfii mtt Ar/ien uiul Anlifnon, Hcrlin, lOlO; 

E. W. veil Siemens and J. <«. llalRke, Ilril. Pat. No. 10807, 11810; \\. Muthinann and L. VVeiw, 
Liibiij'a .Iwn., 331 . I, 1001; (i. 8iebert and K. Korten, (Urmau Pattid, D.H.P, 355485, 1920. 

■ W. E. Hdlebrand and 'J*. H. Norton, 1‘ottg. .Itfif., 155. 031, 1875; 156. 4(M1, 1875; 
W. P. Hillebrand, th., 158. 71, 1870; II. Krcmern and H. <r. Stcvenn, Journ. .4m<r. Chem. 
Soc.t 45. 014, 1023 ; W. Muthinann, 11. Hnfer, and Is. Wcihh, /^jrAiV/.v 320.231, 1902; 
331. 1,1904; W. .Muthinann, Is. WeiKN, ami .1. •Seheideltnandcl, >5., 355. 110, 1907 ; W, Muthinann 
and K. Kraft, i6., 325. 279, 11K)2; A. Hirnch, Tran4. Amcr. Eledruclu m. iS'oe., 20. 57, 1011. 


§ 9. The Physical Properties ol the Cerium Family oi Metals 

According to W. Mntlunaim and 1.. Weiss,* polished surfaces of cerium, 
lanthauum, neodymium, and praseodymium are very similar, but exhibit minute 
ditterences in ColOUT. Lanthanum has the whiteness of tin, cerium that of iron ; 
noodyinium has a yellow tinge, whicli is still more miirked in the ease of 
praseodymium. Saniariuin is a pale grey lustro.ua metal. 'I’lie interior of a bar of 
cerium is highly crystalline, but attem])ls by A. Hirsch to make definite crystals 
by fusion below molten lithitim chloride were not successful. According to 
A. W. Hull, the X-radiOgram of cerium eorrespoiuls either with a hexagonal eloso- 
jiacking with side 3'f)5 A., and the closc.st approach of tlie atoms, 31)4 A.; or with a 
face-centred cube with side 512 A., and the closest approach of the atoms as before; 
while B. K. Schumacher and K. F. Lucas found that the metal crystallizes in the cubic 
system. A. Hirsch gives 6 920 for the spedflc gravity of cerium ; and J. F. Bahr and 
R. Bunsen give 6-628. W.Muthmann and!.. Weiss 
give for the sp. gr. of cerium, 7 0424 ; lanthanum, 

6 1540; neodymium, 6-9563; praseodymium, 

6 4754 ; and samarium, 7 7 to 7 8. The atomic 
volumes are cerium, 19 917 ; lanthanum, 22 547 ; 
neodymium, 20-765 ; praseodymium, 21 709; and 
samarium, 19-36. On plotting the at. vol. against 

the at. wt.. Fig. 7,cerium, not lanthanum, occupies_.is-,., -a. 

an exceptional position, H. C. Kremers and ^ ^ Mom/c wtiM 
R. G. Stevens gave 61598 for the sp. gr. of v.-Atomic Volume, of the 

lanthanum at 15 . The hardness ts m the order; Cetiiun Metab. 

Pb, Sn, Ce, La, Zn, Nd, Pr, Sa, so that while 

cerium is nearly as soft as lead, and can be cut with a knife, samarium has the hard* 
ness of steel. H. C. Kremers gave 37 for Brinell’s hardness (599 kgrms.); F. Hanaman 
gave 28. Samarium is very brittle, while, according to A. Hirsch, the dttOtilUy and 
mell—b iHt y of cerium resemble those of lead; lanthanum is malleable, and it 
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is daotile enough to be hammered into foil, or drawn into wire. Cerinin can 
be machined fairly well although it has a tendency to buckle. The ten^e Strei^ 
is 9 kgrms. per sq. mm. According to P. W. Bridgman, the oompnssibllity of cenum 
represented by 8e/», where » denotes the vol, of cerium at and atm. press., 
and the change in voi. 8e, given by 8u/cxl0^ at 30*^ is 35'74p-j-19‘0xl(t^p®j 
andat75°,-35-80p+19'7xl0-y. . . 

The nidltins point of cerium given by W. Muthmann and L. Weiss is 6^ ; 
lanthanum, 810°; neodymium, 840°; praseodymium, 940°; while samarium 
melts'at 1300°-1400°. F. Hanaman estimates the m.p. of cerium to be 720°. 
W. Guertler and M, Pirani gave for cerium 700°; lanthanum, 810°; praseodymium, 
940°; neodymium, 840°; samarium, 1300°. H. C. Kremers and R. 6. Stevens 
gave 826° for lanthanum. W. R. Mott gave 645° for the m.p. and 1400° for the 
boiling point of cerium; and 810° for the m.p. and 1800° lor the b.p. of lanthanum, 
J. J. von Laar estimated the critical temperature to be 3680°, an4 the critical 
pressure, 560 atm. D. I. MendeUeff gave for specific heat of cerium, 0-06; 
W. P. Hillobrand, 0 0448 between 0° and 100°; and A. Hirsch, 0 05112 between 
20° and 100°; the average at. ht. is 6 82, an unusually high value. J. Dewar gave 
0 0330 for the sp. ht. of cerium and 0 0322 for that of lanthanum at a temp, between 
the b.p. of hydrogen and oxygen. W. P. Hillebrand gave 0’449 lor the sp. ht., 
and 6-23 for tho at. ht. of lanthanum. Q. W. Lewis and co-workers, and 
E. D. Eastman found the entropies of lanthanum and cerium to be respectively 
13'7 and 13'8 at 26° and atm. press. A. Hirsch found qualitatively that the thermal 
conductivity of cerium is high, and that the latent heat ol fusion is high. R. Pohl 
and P. Pringsheim prepared mirrors by condensing the vapour of cerium on glass 
plates. W. Muthmann and L. Weiss gave 160316 cals, for the heat of combustion 
of a gram of cerium burning to ceric oxide ; and the heat ol formation of the oxide 
given by A. Hirsch is JCc02=66'l Dais. W. Muthmann and L. Weiss give for th^ 
heats of combustion of a gram of metal to the sesquioxide—lanthanum, 1602 1 cals.; 
neodymium, 1506 0 cals.; and praseodymium, 1476'8 cals. The high values of 
the heats of combustion suggest that since a mixture of the cerium and yttrium 
metals can be easily obtained, the alloy might be useful as a reducing agent. The 
heat of formation of lanthana, |La 203 = 74 -l Cals., is greater than that of alumina; 
this makes it doubtful if lanthana pan be reduced by aluminium, unless the heats 
of combustion alter at higher temp. The heat of formation of praseodymia, 
JPr 203 —68’7 Cals.; and of neodymia, |Nd208=72'5 Cals. H. C. Kremers and 
R. G. Stevens gave 1646 cals, per gram for the heat of combustion of lanthanum. 

It will be observed that praseodymium and neodymium present an exception 
to tho rule that there is a regular change in the properties of a sequence of elements 
in a given family with change in the at. ■wt. Thus: 



Lr 

Pt 

Hd 

8a 

At. Wt, .. 

139 

140-9 

144-3 

160-4 

M.p.. 

810° 

940" 

840° 

1300"-1400° 

Heat of fonnati<Hi* cala. per eq. . 

741 

dS'Q ! 

72-S 

— 

Heat oi combustion, oals. , 

16031 

1466-8 

1606 



There are therefore four pairs of such anomalies presented by argon and potassium, 
tellurium and iodine, cobalt and nickel, and praseodymium and neodymium, and, 
as A. Weiner pointed out, these anomalies occur in periods in which six to seven 
elements occur between the first and last pairs. 

The lines in the ipuk speotnuu of cerium were first measured by G. Kirohhofi,* 
and compared tritt Fraunhofer’s lines of the solar spreotrum. Many observers-^. 
R. Thalin, J. H. Pollok and A. G. Q. Leonard, B. Brauner, P. Exner and E. Hasch^, 
0. Lohse, P. L. Cooper, R. Bunsen, A. Hagenbach and H. Konen, etc.—have studied 
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tliespatk gpeotnun. 6. He^er and M. Greulich found that with a aoln. containing 
0‘01 mgrm. of cerium per c.o. the lines A=3940-89 and 4166'76 are visible. They 
also examined the influence of various other salts when admixed with the cerium 
salt. A. Bakowsky, P. L. Cooper, J. M. Eder and £, Valenta, C. C. Kicss and co¬ 
workers, F. Bxner and.B. Haschek, etc., studied the lines in the uro speotrom of 
cerium. The spectrum of this element is one of the richest in lines; A. Bakowsky 
measured between 2800 and 2900 of them. The most intense lines in the arc spectrum 
are 415011, 4186'78, 4222 78, 4296-88, 4337-96, 4382 32, 4386 95, 4460 40, 4479-62, 
4487-06,4527-61,4528-64, in the violet; 4539 90.4562-52,4672-45,469411,4628-33, 
in the blue; and 5512-27 in the green. W. J. Humphreys measured the effect of 
press, on the lines; H. Geisler studied the anomalous dispersion; and P. G. Nutting, 
the structure of the lines. B. Bunsen observed no spectrum in the Bunsen flame. 
W. Huggins obtained a continuous spectrum with the oxide in the oxyhydrogen 
flame, but J. N. Lockyer observed the lines 5273 and 5160. W. N. Hartley noted 
that special spectra are furnished by cerium oxide and salts under these conditions. 

G. Kirchhoff, and J. N. Lockyer observed two of Fraunhofer’s lines corresponded 
with the spectral lines of cerium; H. A. Howland found 33 coincidences; and 

A. Bakowsky, several hundreds. 

The lines in the spark spectrum obtained from aq. soln. of salts of the rare earths 
gradually weaken and vanish at different rates as the cone, of the soln. is diminished. 
i. H. Pollok, A. G. G. Leonard,^ W. N. Hartley, and A. de Gramont have studied 
this question in the case of cerium, lanthanum, and yttrium. The most persistent 
lines— i.e. those which remain longest when the soln. is diluted—ore called 
ultimate or residual lines. The linos which show in a 0-001 per cent. soln. ace called 
the a>-lines; with a 0 01 but not in a 0 001 per cent, soln., the ^-liues; those in a 
01 per cent, but not in a 0 01 per cent, soln., the ^^-lines ; those in a 10 per cent, 
but not in a 01 per cent, soln., the ^-lines; and those in a more cone. soln. o-linos. 
Lines given by sparks from the solid but not by an aq. soln., are called the r-lines. 
Assuming that with the same conditions, the same lines disappear at the same 
dilutions, the observations become quantitative. G. Meyer found 001 mgriQ. 
per c.c. to he the minimum cone, for the spectroscopic detection of cerium, lantha¬ 
num, and didymium. 

G. Kirchhoff,< R. Thaleu, P. T. t'leve, J. H. Pollok and A. G. G. Leonard, 

B. Brauner, A. Betteudorff, E. Dcmaryay, 0. Lohse, F. Exner and B. Haschek, 
S. Forsling, J. M. Eder and E. Valenta, A. Hagcnbach and H. Konen, etc., have 
studied the spark spectrum of lanthanum. G. Meyer and M. Greulich found that 
with a soln. containing 0 006 mgrm. of lanthanum per c.c., the line A—3949 22 can 
be detected. They also examined the effect of various other salts admixed with 
the lanthanum salt soln. H. A. Rowland and 0. N. Harrison, R. J. Meyer, C. C. Kiess 
and co-workers, F. Exner and E. Haschek, A. Hagenbach and H. Konen, J. Kellner, 
E. Wolff, M. Bertram, etc., have investigated the arc spectrum. The most 
Intense lines in the arc spectrum arc 3949*27, 3988 69, and 4238-55 in the violet; 
4333 98 in the blue ; and 6250-14, 6262 52, and 6394'46 in the red. There are also 
bands in the arc spectrum studied by .1. Kellner, J. Okubo, E. Wolff, and A. Hagen¬ 
bach and H. Konen. R. Bunsen found lanthanum salts do not show a spectrum 
in Bunsen’s flame. W. N. Hartley and U. Ramage observed that the spectrum of 
the oxide in the oxyhydrogen flame exhibits a number of bands. W. J. Humphreys 
studied the effect of press.; H. Ebert, the anomalous dispersion; J. N. Lockyer, 
the enhanced lines; and W. M. Hicks, and E. Paulsen, their regularities in the 
spectral lines. H. A. Rowland observed lines of lanthanum in the solar spectrum. 

C. A. von Wel8bach,° the discoverer of neodymium and praseodymium, made 
some observations bn the spark spectra of these elements; and further dbjervatious 
were made by S. Forsling, 0. Lohse, F, Exner and E. Haschek, A. Hagenbach ami 

H. Konen, C. C. Kiess, J. M. Eder and E. Valenta, etc. Q. Meyer and M. Greuli^ 
found that with soln. containing O'Ol mgrm. per c.c. the Nd-lines A=:4061'27 add 
4325‘80 or the Pr-lines Aa:42M'8i and 4429‘41, could be detected; and thq* 

TOl. V. 3 4 
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examined the effect of other salts admixed with the neodymium or praseodymium 
salt soln. The arc spectra were examined by A. Hagenbach and H. Konen, 
J. M. Eder and E. Valenta, etc. F, Exner and B, Haschek observed 2014 lines in 
the spark spectrum and 1294 in the arc spectrum of neodymium, and 2490 lines in 
the spark spectrum of praseodymium; and M. Bertram reported 1954 lines in the 
arc spectrum of neodymium, and 1500 lines in that of praseodymium. The most 
intense lines in the arc spectrum of neodymium are 3863’52, 3951'32, 4061-32, 
4274-54, 4282-67, 4325-87, 4375-11, 4385 81, 4400 96, 4446-51, 4451-71, 446309, 
4920-84, 5293-35, 5319-98, 5594-58, 5620 75, 6310-69, 6314-69, and 6385 32; while 
with praseodymium, the most intense lines are : 4100 91, 4118-70, 4143 33, 4179 60, 
4189-70, 4206-88, 4223 18, 4225 80, 4241 20, 4305-99, 4429-28, 4496 60, and 4510-32. 

H. Auerbach observed no spectrum with praseodymium salts in Bunsen’s flame, or 
in the oxyhydrogen flame ; W. N. Hartley and H. Ramage said that in the oxy- 
hydrogen flame neodymium gives a band spectrum. L. Haitinger noted a flame 
spectrum with praseodymium, and C. A. von Welsbach, L. Haitinger, K. Schaum 
and H. Wiistenfeld, and C. Anderson noted the flame spectrum of neodymium. 
The flame spectra are of little or no help in the detection of these earths. The 
flame spectra vary with temp., and t!. Anderson found that the bands occupy the 
same position in the flame and reflection spectra of neodymium when examined at 
the same temp., and W. Muthmann and co-workers and P. Joye examined the 
reflection spectra of neodymium and praseodymium; and K. A. Hofmann and 
K. Hoschelc, the reflection spectrum of the same two elements. Neodymium mixed 
with alumina was found by L.Haitinger to give a discontinuous spectrum in Bunsen’s 
flame, and this spectrum is almost identical with the reversed absorption spectrum. 

H. A. Rowland attributed a number of Fraunhofer’s lines in the solar spectrum to ^ 
neodymium and to praseodymium. (1. Hofbauer noted that 140 neodymium lines 
and 110 praseodymium lines corresponded with lines in the solar spectrum. 

The spark spectrum of samarium was examined by R. Thal6n,* A. Bettendorff, 

F. Exner and E. Haschek, A. Hagenbach and H. Konen, (,'. C. Kiess, E. Uemarjay, 

J. M. Eder and E. Valenta, etc.; and the arc spectrum by F. Exner and E. Haschek, 

.1. M. Eder and E. Valenta, A. Hagenbach and H. Konen, Riitten, etc. The most 
intense lines in the spark spectrum are : 3739 30, 4152'38, 4203 18, 4225 48, 4229 83, 
4236-88, 4256 .54, 4319 12, 4329-21, 4334-32, 4347-95, 4391 03, 4420-72, 4421-32, 
4424-55, 4434-07, 4434 52, 4452 92, 4454-84, 4458-70, 4467 50, 4519 80, 4524-08, 
4544 12, 4566'38, 4577 88, 4642 41, and 4674 79. The flame spectrum of samarium 
was examined by L. de Boisbaudran, and A. Bettendorff; and the reflection 
spectrum, by K. A. Hofmann and K. Hoschelc. Samarium chloride or nitrate 
was found by E. Domar^ay, and L. de Boisbaudran, to give a yellow phosphorescent 
spectre de reversemenl or reversion spectrum ; there are three bands with maxima 
of wave-length 6440, 6000, 5640. H. A. Rowland could identify no samarium lines 
in the solar spectrum, but Q. Hofbauer reported that 125 lines of the samarium 
spectrum probably coincided with lines in the, solar spectrum. 

Unlike the salts of a great number of elements with a colourless acid, soln. of 
the salts of many of the rare earths show a characteristic absorption spectrum 
which exhibit a number of bands some of them remarkably narrow and intense. 
The a(j. soln. of cerous and lanthanum salts are devoid of absorption spectra in the 
visible region, but soln. of praseodymium, neodymium, and samarium have well- 
defined sleorption spectra. The blue and red ceric salts also show absorption bands 
at the violet end of the spectrum. The width of the bands is increased by augment¬ 
ing the cone, of the soln, or the depth of the soln. through which the light passes; 
the edges of the bands are also more or less hazy, hence, it is usual to state the 
position of maximum absorption, i.e, the so-called head of the band, than to state 
the liiaits of the region included by the band. The head of a band is usually 
independent of the cone., but one band may have two or more maxima. The 
intensity of the absorption is increased by increasing the cone, of the soln., or the 
depth of the liquid through which the light passes; and, as H. C. Jones ^ and 
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co-workers have shown, in accord with Beer’s law. With a constant depth of soln., 
broad bands shown in cone. soln. may be resolved by dilution into two or more 
narrower bands; and eventually as dilution proceeds, the bands disappear— 
ej. Fig. 8. The cone, at which the bands cease to be visible is different for different 



b'lu. 8.—The Absorption Spectrum of .Aqueous Solutions of Praseodymium Chloride 

bauds. As in the case of the arc and spark spectra, estimates of the cone, of a soln. 
can sometimes be made from the bands which are present or absent. J. Beoquerel, 
R. W. Wood, and G. J. Elias found that in the vicinity of the absorption bands, 
a(i. soln. e.vhibit anomalous magnetic rotatory disitersion. Absorption spectra an- 
assumed to be produced by molecules of the solute, or by combinations of the mole¬ 
cules of the solute with those of the solvent. The absorption spectrum may there¬ 
fore be considerably modified by variations in the nature of the solvent. This 
subject has been discussed by H. C. Jones and co-workers. W. N. Hartley, 
G. D. Liveing, and H. C. Jones, etc,, have studied the efb'ct of temp, on the absorp¬ 
tion bands. Usually, a rise of temp, intensifies the absorption, anil broadens some 
of the bands, while lowering the temp, narrows the bands. H. ('. Jones and 
W. W. Strong showed that in the presence of ealeium chloride, the absur)ition bands 
of aip soln. of neodymium chloride decrease in intensity with rise of temp., and 
the heads of the bands are slightly disiilaeed. 

Thin slices of crystals of minerals and salts may also show absorption bands 
which are not the same as those obtained with soln. although a certain family like¬ 
ness can often be detected. U. Bunsen * noted that the crystals of didymium 
sulphate are pleochroic. H. Becquerel, H. Dufet, G. H. Bailey, etc., have also 
studied the phenomenon with a number of minerals containing the rare earths, and 
found that the bands may differ in relative intensitie.s, but not in position. 
J. Becquerel showed that the bands become narrower and more intense as the temp, 
is lowered, and in the vicinity of the absorption bands, the crystals exhibit an 
anomalous magnetic rotatory dispersion. F. Weidert studied the absorption spec¬ 
trum of glasses stained with didymium compounds. 

The absorption spectrum of aq.soln. of praseodymium salts have been investigated 
by S. Forsling,® A. Langlet, W. Rech, A. Aufrecht, L. F. Yntema, P. Schottlinder, 
0. P. Baxter and 0. J. Stewart, J. E. Purvis, H. U. Jones and co-workers, B. Brauncr, 

A. Bettendorff, C. R. Bdhm, B. Stahl, W.U. Ball, etc. According to W. Rech, there are 
five well-defined bands in the visible spectrum of praseodymium chloride, or nitrate, 
with weak maxima in the yellow at 5964 and 5882; an intense maximum in the 
blue at 4813, and one at 4683, which is coincident with a neodymium band ; and a 
broad intense band in the violet with a maximum at 4442- Fig. 8. The maxima 
given by different observers usually differ by a few units; thus, for the above bands 

B. Brauncr gives 5963, 5895, 4812, 4693, and 4447 respectively. The absorption 
in the yellow can be seen only with cone. soln. F. G. Wick found that the effect 
of press, produces the same changes as those produced by lowering the temp., 
or decreasing the cone. Measurements of the absorption spectrum in organic 
solvents were made by H. SchSffer, and H. C. Jones and J. A. Anderson. The 
results show that the bands change their position owing to the formation of 
complexes between solute and solvent. F. Weidert studied the absorption spectra 
of glasses containing didymium oxides. 

The absorption spectrum of aq. soln. of neodymium is complex, and very rich 
in bands; it has been measured by E. Demar^ay, W. W. Strong, 8. Forslinc, 

C. A. von Welsbach, J. £. Purvis, L. F. Yntema, B. Brauner, 0. Boudouard, W. Keen, 
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B. Holmberg, B. Stahl, F. Exner, G. Dimmer, G. P. Drossbach, W. Muthmann aad 
L. Sttttzel, C. Gamier, G. P. Baxter and co-workers, etc. According to W, Rech, 
intense maxima occur at 7324, 5800, 5780, 5750, 5740, 5210, 6200, 5120, 5090, 
4274,3556,3540,3507,3465,3288, and 2983; while less intense bands have maxima 
at 6890, 6790, 6730, 6360, 6280, 6250, 6220, 5870, 5830, 5710, 5470, 5310, 5250, 
4870, 4800, 4750, 4690, 4610, 4327, 4290, 4180, 3801, 3399, 3231, 3144, 3067, 3047, 
3030, 3015, 2998, 2937, 2913, and 2902. The band at 4690 coincides with one duo 
to praseodymium, so that in a mixed soln. the two bands overlap and so intensify 
one another. The two bands 4610 and 4760 partially overlap the 4632 and 4761 
bands of samarium. They also clash with europium bands, and since these two 
elements constantly occur with samarium, the absorption spectrum is not of much use 
as a test. The two bands, 5800 and 5470, which appear in the absorption spectrum 
of the nitrate are not shown in the spectrum of the chloride. L. Isakoft found soln. 
of neodymium chloride show an anomalous dispersion. W. Rech’s photograph 
is shown in Fig. 9. H. Schaffer, and H. C. Jones with J. A. Anderson, with 
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Flo, 0.—The Absorption Bpoctruin of Aqueous Solutions of NeoMymiuiu Chloride. 

W. W. Strong, and with J. S. Guy, have measured the absorption spectra in non-aq. 
soln. There is a marked resemblance between the absorption spectrum of neodymium 
chloride in glycerol and that of the same substance in water, but the former are 
rather closer to the red end; the absorption spectrum in ethyl chloride is very 
diflerent from that in water. The absorption spectra of aq. soln. of neodymium 
acetate are loss intense, wider, and nearer the red end than with aq. soln. of the 
chloride. A. G. Wick found a |ire,ss. of 3500 atm. had the same influence on the 
absorption spectrum of neodymium nitrate as cooling to —60’. 

The absorption spectra of aq. soln. of samarium salts are not very intense, but 
are characteristic ; the bands have been measured by C. Demar 9 ay,i“ C. R. Bohm, 
J. L. Soret, L. J. Yntema, L, de Boisbaudran, A. Bettendorff, S. Forsling, G. KrUss 
and L. F. Nilson, W. Prandtl, R. Thaliin, W. Muthmann and co-workers, etc. The 
strongest absorption is in the blue and violet regions. E. Demar^ay reported that 
a 20 per cent. soln. of the nitrate in cone, nitric acid, with a soln. 13 mm. thick, has 
some complex bands: 6590, 5290, 4980, 4760, 4630, 4530, 4430, 4170, 4070, 4020, 
3900, 3750, and 3620. The bands 5290, 4530, 4070, and 3900 arc very feeble, being 
visible only with thick layers of soln., or in cone. soln. According to S. Forsling, 
maxima in the bands of the absorption spectrum of an aq. soln. of the chloride, arc 
5600, 6001, 4804-4783, 4761-4727, 4632, 4443-4383, 4177, 4157, 4083, 4077, 4035- 
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4(^, 4016-4007, 3942-3932, 8906, 3762-3742, 3738-3732, and 3630-3616—i*ie 
Kg. 10. ■ The two samarium bands at 4632 and 4761 overlap the neodymium bands 
at 4610 and 4760. J. B^querel measured the influence of the magnetic field and 
low temp, on the absorption spectra, H, C. Jones and W. W. Strong measured the 
absorption spectrum of samarium in nou-aq, solvents. 

In 1881, W, Crookes u showed that many substances bombarded by cathode rays , 
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emit a phosphorescent light which generally gives a continuous spectrum; but leas 
frequently, the spectrum is discontinuous—cathodio phosphomoent spaotram. 
In studying the yttria earths he was attracted by a pair of orange bands of wave¬ 
length 5970 and 8030, which he attributed to an element X. He found that com¬ 
pounds of X are sensibly phosphorescent only when very intimately mixed with 
certain other substances— e.g. compounds of calcium. He finally identified the 
element X with samarium. He assumed that samarium is a complex of four m?ta- 
elemcnts. L. de Boisbaudran showed that purifieil substances are not sensibly 
phosphorescent when exposed to the cathode rays. The addition of another sub¬ 
stance may produce cathodic phosphorescence which increases in intensity as the 
proportion of the foreign nutter increases until it reaches a maximum, and any 
further increase reduces the intensity of the effect by dilution. The, optimum 
addition for the maximum effect is independent of the intensity of the cathodic 
rays, or of the temp., although the latter may modify the spectrum. A similar 
result obtains with each band in the phosphorescent spectrum, although the effect 
on any band varies independently of the effect on other bands. The foreign material 
which induces the phosphorescent effect is called the phosphorogen. These sub¬ 
stances have been studied by G. Urbain, L. Brtlninghaus, etc.— vide phosphorescent 
xinc sulphide. Purified lanthana gives no cathodic phosphorescent spectrum, and 
the reports by W. Muthmann and B. Baur, E. Baur and R. Marc, W. Crookes, and 
A. Bettendorff are based on materials tainted with impurities. Praseodymium 
gives a red cathodic phosphorescence, when diluted with lime, with maxima at 8780, 
6700, 63f(t, 6265, 6200, 6065, 6045, 5790, 5570, 5527, 5405, .5,355, 5265, 6170, and 
5110. Praseodymium sulphate also gives a red phosphorescence when diluted with 
calcium sulphate ; the maxima in the spectrum are at 6100, 6000, and 5876. Nco- 
dymia, diluted with lime, gives a cathodic phosphorescent spectrum with maxima 
at 6045, 4690, 4660, 4610, 4575, 4515, 4400, 4295, 4270, 4230, 4220,4190,3980, and 
3920; while neodymium sulphate diluted with calcium sulphate gives a broad band 
between 5770 and 5010. Samarium gives an orange-yellow, orange, or orange-red 
cathodic phosphorescence. The maxima in the system samaria-lime ate at 6740, 
6605, 6470, 6265, 6150, 6052, 6865,5762, 5683,5561, and 5486, tlic system samarium 
sulphate and calcium sulphate has maxima at 6425, 6180, 6040, 6960, 5866,6630, 
5560, and 5300; the system samarium fluoride and calcium fluoride has the maxima 
6530, 6220, 6190, 6042, 57‘25, 5713, 5675, 5580, and 6640; the system ssmana 
diluted with gadolinia has maxima 6670,65,50, 6450, 6295, 6165, 6075, .5986, 6840, 
6765, 5695, and 5655; and the system samarium sulphate diluted with gadolinium 
sulphate has maxima at 6455, 6355, 6035, 5980, 6885, 5610, and 5546. 

The X-ray spectrum of lanthanum has been measured by M. dc Broglie.** and 
Q.Kcttmann; the X-ray spectra of lanthanum and cerium by I. Mslmet,and D. Coster 
and co-workers; and those of lanthanum, cerium, praseodymium, neodymium,and 
samarium by H. G. J. Moseley, G. Hertz, E. Friman, J. R. Rydberg, A. Dauvillier, 
and E. Hjalmar. In general, the spectra are simple with 4 or 6 lines at the most— 
vide X-ray spectra. The K-scries for lanthanum was measured by F. C. Blake and 
W. Duane, and M. Siegbahn and E. Jonsson, who found for a2o'=0'376; aiO=^’372 ; 
and ^i^ = 0'329; while lor the L-series, D. Coster, G. Hertz, E. Hjalmar, 
G. Kettmann, and M. Siegbahn gave oja'=2 66893; aia=2'65968; ^]^=2'4,5330; 
PiY = 2-298; yjS = 1-87382; Ptv = 2 44426, and M f= 2 'W.531. For the K- 
series of cerium, F. C. Blake and W. Duane, and M. Siegbahn and E. Jdnsson 
gave ajo'=0-360; ojo =0-365; and ^ij8=0-314; and for the L-series, D. Coster, 
G. Hertz, E. Hjalmar, and M. Siegbahn gave oja' = 2-58511: aja = 2 55600; 
/3ijS = 2-36100; j3jy=2-20380; y,8 = 2 04433; ^=2-19600; /34v=2-34480; and 
A^=2 -40631. For the K-series of praseodymium, M. Siegbahn and E. Jfinsscn, 
gave a^' =0-347; aio= 0-356; = 0-314; and for the L-series, D. Coster, 

Q. Hertz, E. Hjalmar, and M, Siegbahn gave ojo' = 2-46763; oia=2-467|D; 
ft/3 = 2-25390; hv = 211168; Vi* = 1-96681; ftv = 2 254; and = 2-21287. 
For the K-series of neodymium, W. Duane and T. Shimizu, and M. Siegbahn and 
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E. J6nsson gave <^a' — 0'335; ojo = 0'330; and jSjjS = 0 292; and for the L- 
aeries, D. Coster, G. Hertz, E. Hjalmar, and M. Siegbahn gave o^a'= 2 37563; 
oio == 2’36f>31 ; ;8,i3 = 2 16221; j 82 y = 2 031; yjS = 1-87383 ; yjd = 1-801 ; 
jSiv —2162; and ftiA = 2 12230. For the L-series of samarium, D. Coster, 
E. Hjalmar, and M. .Siegbahn gave a2a'=2-20668; Oja = 2-19501; ;8ij3=l-99357 ; 
^2y=l-877; yi8=r72309; and ^3^=1-958. W. M. Hicks found 

that the line spectra of scandium, lanthanum, yttrium, and ytterbium show a 
doublet series. W. Duane measured the absorption frequencies of the X-rays for 
cerium. J. Carrera gave for the absorption coeff. for X-rays: La, 63-48; Ce, 53-53; 
Pr, .55-56: Nd, 56-58; and Sm, 58-71. R. Pohl and P. Pringsheim studied the 
photoelectric effect with cerium. 

Cerium is a poor conductor of electricity. According to C. Benedicks,the 
electrical oondui^vity is 0-0128 x 10® reciprocal ohms, at 18°, and for praseodymium, 
00114x10®, and for neodymium, 00130x10® reciprocal ohms. According to 
C. Benedicks, the sp. elecMcal resistance of cerium is 78x10“® ohms per cm. 
cube at ordinary temp., while A. Hirsch gave 71-6x10-^ ohms. P. W. Bridgman 
found 0 001476 for the temp, coeff. of the resistance of an impure lanthanum 
between 0° ami 10 ( 1 °, and for the press, coeff. in kgrms. per sq. cm.; 





ProHsuro coefficient. 


Temp. 

0° 

00° 

100° 

Rosiiitancn, 

1-000 

1-0700 

1-1476 

1) kgriD, 

-00g39 

-OOsGO 

12,000 kgriDs. 
-0-0,20 
-0-0,36 

Avera^. 

-0*06377 


C. Benedicks gave 79-88 microhms per cm. cube for praseodymium. P. W. Bridgman 
gave 0-(XX)799 for the temp, coeff. of the resistance of neodymium, between 
0° and 95°, and for the press, coeff. in kgrms. per sq. cm.: 

Prmure coeflloicnt. 

Irmii. HcaUtimci-. 5 ksmia. 12,000 ksrms. Avrrago. 

1-0000 -0-0j238 -0-0sl83 -0-0,213 

SO 10400 -OO526O -OO5I97 -005220 

According to A. Hirsch, the electrode potential of cerium could not be successfully 
measured in alcoholic soln. of cerium chloride, because of the rapid formation of 
films on the metal; but from the decomposition potential of normal cerium chloride, 
and the heats of formation and soln. of that chloride, the single potential of cerium 
in a N-soln, of its chloride, measured against a normal calomel electrode, is —316 
vplts. 0. Erk, E. F. Smith, G. Bricout, etc., have sho.wn that the electrolysis of 
soln. of cerous salts with platinum electrodes is attended by the anodic oxidation 
of the cerium, so that in neutral or feebly acid soln., ceric hydroxide or basic ceric 
salts are deposited on the anode, and in strongly acid soln., ceric salts pass into soln, 

J. Sterba found most of the cerous salt is oxidized. G. von Knorre thus oxidized 
91 per cent, of a soln. of ammonium cerous nitrate, and A. Job oxidized it all. 
G. Kolle found that a large anode surface, small cathode density, and an optimum 
temp, of 60° favour the oxidation. W. Krilitschewsky, and E. MUhlbach also 
studied the conditions of oxidation. E. Baur and A. Glassner, and E. MBhlbacb 
have studied the odtotioa potmtial ; and C. A. von Welsbach, and W. Krilit- 
Bohewsky, the possibility of using cerium accumulators with an electrolyte of 
lino, cerous, and ceric sulphates, a cathode of zinc amalgam, and an anode of carbon. 
The results are not satisfactory. A. Heydweiller found the ionic velocity at 
infinite dilution to be JLa = 50; and 1^ = 53 5 at 18°; and A. Noyes and 

K. 0, Falk, iLa = 72 at 25°. 

A, Hirsch measured the thcnnoelectrio twee of cerium against copper with the 
cold junction at 30°, and the hot junction at 49-2°, and found 0-000076 volt; 100°, 
0-(XX)260 volt; 151°, 0*000387 volt; and at 200*5°, 0-(X)0502 volt. Cerium is 
paramagnetic; the magnctio muceptibility, according to S. Meyer, is 12xl(r® 
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C.G.S, onits per gram; M. Owen gives 15x10^ at 18®. The latter also found 
that a sample of lanthanum of doubtful purity was paramagnetic; praseodymium 
and neodymium are paramagnetic; M. Owen found at 18®, 25 x 10"^ (\G.S. unite 
for praseodymium; and 36x10'^ C.Q.S. units for neodymium. B. Cabrera, and 
A. Dauvillier have discussed the magnetic properties of these elements. 
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f 10. The Chemical Pnvertiee of the Cerhun Familr of Hetaie 

C. A. Mstignon i foond that ceriiim, lantlianum, neodymium, praseodymium, 
and samarium readily adsorb hjidiosai. 0 . Winkler heated ceric oxide with 
nesmm at a high temp, in an atm. of hydrogen and obtained oedom fafiMde nuxtd 
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with magnesia; lanthanum behaved in a similar manner, furnishinir Untho- 

hydride, LaH,. According to W. Muthmann and K. Kraft, cerium hSTh"! 

obtained bypassing purified hydrogen over cerium turnings at 250 °- 270 ’’- th 
metal barns with a brilliant fiame, producing cerium hydride whose composition 
represented by some not very concordant analyses, corresponds with a mixture 
of cerium trihydride, CeH^, and of cerium dihydride, CeHi- A. Hiraeb, and 
A, Sieverts and G. M. Goldegg, studied the action of hydrogen on cerium and 
lanthanum resulting in the formation of the trihydrides. Lanthanum behaves 
similarly; here the reaction begins at 240°, and the metal burns with a reddish- 
yellow light. F. Kellenberger and K, Kraft found the sp. ht. of cerium hydride 
to be 0'08891.b and the mol. ht. 12'7I5, whence the at. ht. of hydrogen is 2‘15, and 
that of cerium 6 27. The sp. ht. of lanthanum hydride is 0 087335, and the mol. 
ht. 12’34, which gives 2 06 for the, at. ht. of hydrogen if the at. ht. of lanthanum 
bo 6189. The hydrides were found by C. A. Matignon to be readily dissociated 
by heat. According to G. I. Tschukoft, the dissociation press, of cerium hydride 
at 4.50° does not exceed one mm. W. Muthmann and E. Baur found the dissociation 
press, of cerium and lanthanum hydrides at various temp. In each case, the press, 
did not remain constant at any given temp., but slowly changed. This was attri¬ 
buted to the hydrides undergoing a slow molecular change which is accompanied 
by a change in the dissociation press. When cerous hydride is shaken in a closed 
glass tube, it emits light. W. Muthmann and H, Beck prepared neodymium hydride, 
NdHj), by the action of hydrogen on strips of the metal at 220°; praseodymium 
hydride, RrH^, was obtained in a similar way. C. Matignon prepared the two 
last-named hydrides, and also samarium hydride, SaHj, by heating the oxides with 
magnesium in an atm. of hydrogen. W. Muthmann and co-workers state that the 
hydrides of cerium, lanthanum, neodymium, and praseodymium arc brittle amor* 
phous soUds, the cerium and lanthanum compounds are bluish-black, the neodymium 
compound is indigo-blue, and the praseodymium compound is green. W. Muthmann 
and K. Kraft said that cerium hydride is stable in dry air, but rapidly decomposes 
in moist air. often igniting spontaneously. When heated in dry air, hydrogen is 
evolved and a mixture of cerium dioxide and nitride is formed. When purified 
cerium hydride is treated with a alow stream of moist air, F. W. Dafert and 
R. Miklauz say that no ammonia is formed, but when allowed to take fire spon¬ 
taneously, the cerium formed by the dissociation of the hydride partly combines 
with nitrogen from the air, and then gives ammonia with moisture. Cerium often 
contains traces of nitrogen, with the result that the hydride then smells of ammonia 
on exposure to the air. ,1. Lipski found that when dry, purified nitrogen is 
passed over the freshly prepared hydride in the cold, ammonia is formed rapidly— 
about one-half the possible (juantity in three and a half hours ; the reaction, how¬ 
ever, soon becomes slower, probably owing to smwrficial formation of nitride. The 
reaction is OeHs-l-Nj^CeN-l-NHa. Raising the temp, to 200° increases the rate 
of reaction very little. F. W. Dafert and R. Miklauz observed no signs of the forma¬ 
tion of an imide or other compound containing hydrogen or nitrogen. According 
to W. Muthmann and K. Kraft, cerium hydride dissolves in acids, evolving hydrogen 
and forming cerous salts, and it is decomposed by moist air and alkali soln. with 
the liberation of hydrogen. Lanthanum, praseodymium, and neodymium hydrides 
behave in a similar manner. 

According to W. Muthmann and L. Weiss, cerium, praseodymium, and 
neodymium, preserve their lustre in dry air, but are tarnished in moist air. Lan¬ 
thanum tarnishes rapidly, even in dry air. When cerium is exposed to air it very' 
slowly acquires a yellow film which slowly turns bluish-green, and probably contains 
some cernim dioxide; samarium tarnishes quickly in air and becomes coated with 
a yellow deposit. A. Hirach found that cerium burns with luminescence when heated 
in air to 1W°; and if a lump of cerium, sealed in a glass bottle, be kept warm for 
some time, a black powder is formed on the surface of the cerium, and when the 
bottle is opened the powder ignites at the temp, of the room. He added that the 
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phenomenon ia probably due to the formation of a highly pyrophorio eefittm tuboxith. 
When cerium ia scratched with a steel needle, when filed, or when struck with a 
piece of flint, it emits showers of sparks. Cerimn wire burns in Bunsen’s flame with 
a more intense light than does magnesium wire. ].srothanuin wire burns brilliantly 
under similar conditions. The products of the combustion of cerium and lanthanum 
in ait contain oxide and nitride. W. Muthmaun and K. Kraft give 150“-180° 
for the ignition temp, of cerium in o*y^, and tiO’-tfiO" for that of lanthanum- 
under similar conditions, magnesium ignites at 540“, and aluminium at 580°. 
0. Tammann investigated the velocity of attack by oxygen on cerium, and lan¬ 
thanum. H. C. Kremers and R. 0. Stevens gave 445“ for the ignition temp, of 
lanthanum. They found the metal is not pyrophoric ; but it is easily corroded 
oven in dry air. N. N. Mittra and N. R. Dhar studied the induced oxidation of 
nickelous oxide during the primary oxidation of cerous hydroxide. 

A. Hirsch said that 98 per cent, cerium is very slightly attacked by cold water, 
but in boiling water there is a slow evolution of hydrogen, and the metal is tarnished 
black. l.anthanum slowly forms the hydroxide with cold water, and rapidly with 
hot water; in both cases hydrogen is evolved. Praseodymium is also slowly 
attacked by cold, and rapidly by hot water. According to A. Hirsch, at room 
_temp., a cone. soln. of sodium hydroxide has no action on the metal, but a boiling 
soln. has a .slight action ; at the room temp., a soln. of ammonium Chloride, nr of 
potassium chloride, has a moderate action on the metal. This is explained by 
assuming that by the action of the water on the metal a small amount of cerium 
hydroxide is formed which is soluble in soln. of the salts in (picstion; a fresh 
surface of the metal is exposed to attack by the solvent, and the cycle of actions 
is repeated. The action is more pronounced with boiling soln. At room temp., a 
3 per cent, and a 30 per cent. soln. of hydrogen peroxide have a alight action on the 
metal. Dil. nitric acid, ammonium chloride, potassium chloride, and 3 pet cent, 
hydrogen peroxide at boiling temp, gave moderate action; dil. sulphuric acid, 
cone, and dil. hydrochloric acid, cone, nitric acid and 30 per cent, hydrogen peroxide, 
gave vigorous evolution of gas at boiling temp. 

According to A. Hirsch, when eerium filings arc heated in a stream of ohlorint, 
they emit a bright light at 210“-215°, forming anhydrous nrouf chloride; the 
action with bromine at 215“ -220° is similar to that with chlorine, but it is not 
ijuite so vigorous. No light is emitted when iodine vapour acts on the metal at 
300°, but some cerous iedide is formed. Lanthanum behaves similarly. l)il. and 
cone, hydrochloric add in the cold act vigorously on cerium. When cerium filings 
arc heated in the vapour of lulphur, some cerium sulphide is probably formed, since 
the product gives off hydrogen sulphide when treated with an acid. Both nlenium 
and tellurium react vigorously when added to molten cerium. With selenium, the 
product forms a powder which is impure cerium selenide, and a pyrophoric alloy 
which is a soln. of the selenide in an excess of cerium; with tellurium, a brown 
pulverulent telluride is formed, and this gives of! hydrogen telluride when treated 
with acids. At room temp., dil. sulphuric add acts vigorously on cerium, but the 
cone, acid has no perceptible action on cerium either in the cold or at the b.p. 
Cold cone, sulphuric acid has but little action on lanthanum, although the dil. 
acid attacks it rapidly. 

A. Sieverts and G. M. Goldegg found the absorption of nitrogen to be very slow. 
According to A. Hirsch, when cerium is heated to about 1000° in a stream of 
nitrogen, no luminescence occurs, but some nitride is formed; and, according to 
C. A. Matignon, when a mixture of the oxides of one of the five cerium metals is heated 
with magnesium in a stream of nitrogen, the corresponding nitride is formed. 
Cone. aq. ammonia has no visible action on cerium, neither at room temp, i.iot at the 
b.p. The action of dil. or cone, nitric add is moderately vigorous in the cold, and 
a brown crust of the dioxide is formed. Nitric acid oxidizes lanthanum violently. 
H. Beck found that heated cerium readily reacts with pbofpbonu, forming a series 
of phosphides. A. K. Hoard and E. K, Rideal investigated the catalytic oxidation 
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ol samtes bom the point of view of the oxidation potentials. A. Himb 
found that when cerium is heated with aisenic, an endotiermaJ reaction ensues 
and a soft somewhat pyrophoric alloy is formed, which does not decompose 
when kept ; ■ with antimony, much heat is evolved, and when freshly made, 
the alloy is pyrophoric; it disintegrates to a powder when kept for a few months 
in air. J. Kellermann studied the alloys of cerium with arsenic and antimony. 
H. Kunheim patented the use of arsenic or antimony with the cerite metals for 
the preparation of pyrophoric alloys; and J. Kellermann, alloys with bismuth. 
According to H. Vogel, ceriu?n and bismuth combine with great development of 
heat. Porcelain tubes are rapidly corroded, but carbon tubes may be used, and 
the alloys are not seriously contaminated with carbide. The thermal effects are 
often small, and the micro-structure has been largely employed in determining the 
form of the diagram. The sections must be polished with wet alumina, but they 
oxidize very rapidly, and the polished surfaces cannot be preserved. Four com¬ 
pounds are formed: cerium tritabismuthide, BiCe 3 , cerium tritetritabbmuthide, 
BijCe^, cerium bismuthide, BiCe, and cerium ^bismuthide, Bi^Ce. Cerium 
tritetritabismuthide, BiaCe^, melts at 1630°, and appears as a maximum on the 
f.p. curve. It crystallizes in polygonal grains. Cerium tritabismuthide, BiCej, 
is formed at 14(X)°, and is softer than cerium tritetritabismuthide. BijCea. lt_ 
forms a eutectic with cerium at 767°. Cerium bismuthide, BiCe, is formed at 
1526°, and cerium dibismuthide, BiaCe, at 882°, whilst the second eutectic point 
practically coincides with the m.p. of bismuth. All the alloys are more readily 
attacked by water than is cerium alone; the action of water on alloys with between 
25 and 75 per cent, of bismuth may even raise them to incandescence. 



Fio. 11.—Freezing-point Curve of 
Alloys of Bismuth and Cerium. 



Fio. 12.—Freezing-point Curve of 
Alloys of Silicon and Cerium. 


A. Hirsch found that when cerium is heated with carbon, the two elements 
readily react, forming a carbide; and when the metal is heated to 500° in an atm. of 
carbon monoxide, there is no visible reaction, although part of the cerium is oxidized. 
W. Muthmann and K. Kraft found that both lanthanum and cerium reduce carbon 
dioxide and carbon monoxide, forming ceric oxide, and both ethylene and acetylene 
react with lanthanum, furnishing the hydride and carbon. S. Medsforth investi¬ 
gated the effect of cerium oxide in promoting the activity of nickel in reducing 
the carbon oxides by hydrogen. A. Hirsch found that at room temp., ethyl 
alcohol, amyl aloohm, oUoroIwm, and carbon tetrachloride have no visible action 
on cerium; and ethyl ether has but a slight action; at the b.p., chloroform and 
carbon tetrachioride have no action on cerium, while the action with ethyl or 
amyl alcohol or ethyl ether is but slight. W. Muthmann and K. Kraft found 
that methyl chloride reacts with cerium between 500°-600° giving a mixture of 
carbon and cerium chloride and hydride: 3CHsCl-f4Ce=CeC33-f3CeHs-f3C. 
A. K. Goard and E. K. Bideal studied the catalytic oxidation of mgerx by 
cerous salts from the standpoint of the oxidation potentials. A. Hirsch found 
that cerium reacts with sQioon, forming cerium siiicide, CeSi; the same com- 
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oand is obtained by beating cerium oxide with silicon. According to B. Vogel, 
he fact that cerium combines with lead and tin with development of heat, form- 
ig several compounds, indicates that it does not belong to the same chemical 
fa^y of the fourth group. It is now found that it combines with silicon at high 
temp, with great violence. It has not been found possible to prepare alloys con¬ 
taining more than 70 per cent, of cerium, as combination does not take place until 
1400°, and the heat developed brings about the destruction of the containing vessel, 
or, if carbon crucibles be used, there is a considerable production of cerium carbide, 
in which case the alloys rapidly disintegrate in air. Solid siUcon floats on molten 
cerium, and at a sufficiently high temp, combines explosively. Between 0 and 
70 per cent. Ce the f.p. curve has two branches, intersecting at 1240“ and 63 per 
cent. Cc. The eutectic times indicate that the maximum on the curve must be at 


83 per cent. Ce, corresponding with a compound, cerium silicide, CeSi, molting 
above 1500°. This compound forms yellow, rounded crystallites, and the eutectic 
has a distinct lamellar structure. Free silicon crystallizes in needles, which are 
harder than the compound. The alloys are brittle, very stable in air, and are not 
pyrophoric. Molten cerium attacks silicates; porcelain crucibles are attacked, and 
a layer of cerium silicide is formed which protects the material from further attack; 
and the silicide docs not appear to dissolve in the metal. Magnesia crucibles are best 
used for melting the metal. The reducing action of cerium, or of a mixture of the 
cerium group of metals—with or without aluminium or magnesium—on the mctal 
oxides, was proposed by K. Escales, in place of that of magnesium or of aluminium 
in the thermite process. 

The alloys ol the cerium metals.— The cerium metals, so far as they have 
been examined, readily form alloys with other metals. The alloys are usually 


brittle, and can he readily pulverizeil. Various 
alloys were described by L. Guillet. The follow¬ 
ing deals with tlie alloys of those metals which 
have already been discussed in this treatise. 
According to A. Hirseh,* sodium dissolves 
quietly in cerium, forming a hard, slightly 
pyrophoric alloy, which is somewhat oxidized 
on exposure to air. He also found that when 
cerium and copper are melted together under 
a layer of sodium chloride in a magnesia cru¬ 
cible, there is formed a hard and brittle alloy, 
although the two components are soft and 
malleable. The alloy disintegrated to a powder 
on exposure to air. The copper-cerium alloys 
were mentioned by W. Borchers, H. Keller- 
mann, and F. Fattinger as illustrations of the 
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great faculty possessed by cerium of alloying with the metals. I,. Stockem prepared 
some copper-cerium alloys by melting in an electric arc furnace a mixture of carbon 
with cerium and copper oxides, and also by applying the thermite aluminium 
process to a mixture of cerium and copper oxides. A. Hirsch, and F. Hanaman 
melted the two metals under a layer of fused alkali chloride by adding the cerium 
to molten copper, or vice versa for alloys with over 80 per cent, of cerium. The f.p. 
curve, Fig. 13, has two well-marked maxima, corresponding with cerium hext- 
onpri^ Ca«Ce, which melts at 935°, and cerium dicttpride, CujCe, melting al 
820°. There are also two compounds which are formed by reactions between solid 
and liquid, thus giving rise to breaks in the f.p. curve; cerium tetracupridt, 
Ca 4 Ce, at 780°, and cerium cnpride, C'uCe, at 614°. There arc three eutectic points, 
at 876°, 767°, and 416°, occurring at 17 per cent., 44 per cent., and 84 pet cent, of 
cerium respectively. Solid soln. are not formed. The hardness curve of the allws 
has two pronounc^ maxima, corresponding with the compounds CosCe and CuiGe, 
the former being nearly four times as haid aa copper. The colour of the alToys 
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resembles that of copper as far as the first eutectic; from that point to the third 
eutectic it resembles that of bronze, and then becomes steel-grey. Only those 
alloys which lie between 55 per cent, and 85 per cent. Ce are pyrophoric. Those 
containing lees than 30 per cent. Ce are stable and retain their colour in air; 
richer alloys soon disintegrate. G. Tammann studied the electrode potential and 
chemical behaviour of the Ce—Cu alloys. A. Hirsch observed that silver forms alloys 
with cerium with but a small thermal change. The alloy has a silvery white lustre, 
and is hard and brittle. A compound is probably formed. When gold is added 
to molten cerium, there is a slight flash from the crucible, but the reaction is not 
violent. The alloy is fairly soft, and has a reddish colour. It disintegrates to a 
very dark purple powder when allowed to stand in air. 

M. Moldcnhauer obtained alloys of cerium and calcituu by reducing cerous 
fluoride with calcium ; and A. Hirsch, by melting the two metals under a layer of 
alkali chloride. The combination occurs quietly without the evolution of much 
heat; the alloys are white and harder than either constituent. When scratched 
with a file, the alloy emits a shower of bright sparks. It is stable in air, oxidizes 
very slowly, and does not disintegrate. W. Muthmann and H. Beck, A. Hirsch, 
and K. Vogel also prepared alloys of magnesium and cerium— A. Hirsch by a pro¬ 
cess like that used for calcium-cerium alloys, and R. Vogel by melting an intimate 
mixture of the two elements in a carbon crucible at a temp, not exceeding 900°. 
The f.]). curve has maxima at 738° and 780°, corresponding with the compounds 
cerium magneside, CeMg, and cerium trimagneside, CcMg^, and a break at 620°, 
corresponding with cerium enneamagneside, C'eMgg. A minute maximum at 632° 
is also inferred, due to cerium tetritamagneside or quadrantomagneside, Cc 4 Mg. 
Solid soln. arc only formed between cerium magneside and cerium trimagneside, whilst 
cerium quadrantomagneside breaks up into cerium and cerium magneside at 497°. 
This is inferred from the microscopic structure, which is developed by heat-tinting. 

Alloys corresponding with the compounds cerium quadrantomagneside and 
cerium magneside are iiyrophoric. Cerium magneside is hard (5 on Mohs’ scale), 
and oxidizes rapidly on heating. When containing magnesium in solid soln. the 
compound explodes violently in Bunsen’s flame, the magnesium vapour being en¬ 
closed in a crust of oxide. Moist air at the ordinary temp, has very little action. 
Cerium trimagneside is still more stable towards air and acids, and is not pyrophoric. 
Cerium enneamagneside is softer, and brittle. It falls spontaneously into fragments, 
which retain their silvery lustre, indicating some polymorphic change. According 
to A. Hirsch, most of the alloys arc brittle and can be pulverized, but those with 
76 to 85 per cent, of cerium are so highly pyrophoric that it is difficult to pulverize 
them without ignition. The alloys with the higher proportions of cerium furnish 
excellent flash-light powders; and they are also splendid reducing agents, as the 
combination of cerium and magnesium is an endothermic reaction, and when the 
alloy is oxidized, more heat is emitted than from an eq. mechanical mixture of the 
two constituents. The fact that the alloys of from 60 to 76 per cent, cerium content 
may be easily pulverized in a mortar to a fineness of 200 mesh should render these 
alloys valuable for thermal reductions. The optical constants of cerium metal 
could not be obtained because of the formation of a film of oxide on the surface, but 
the indices of refraction and the coeff. of absorption for magnesium-cerium alloys 
were: 


Per cetii. cerium . 

. 0 

26 

61 

83 

Refractive index 

. 0-32 • 

0-73 

1-43 

1-60 

Absorption ooeff. 

. 1-74 

2-30 

4'?9 

12-0 


W. Muth’mann and H. Beck state that 84 9 cals, ate absorbed in the formation 
of a gram of the alloy with 46 94 per cent, of cerium ; and the heat of combustion 
is 3962’4 cals, per gram. The sp. gr. of the alloy is 2 744; it is silver-white, and very 
brittle; it does not change in air, but burns with an intensely bright flame; it is 
readily attacked by dil. acids, with the evolution of hydre^en; at 200°-400“ in 
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hjrdrc^en, cerium hydride is formed; and at 900° in air, nitrides of the two metals 
are formed. 

A. Hirsch, and W. Muthroann and H. Beck found that lino unites with molten 
cerium with explosive violence, and a large amount of heat is evolved. A. Hirsch 
said the alloy he prepared was hard, brittle, pyrophoric, and remained unoxidised 
on exposure to air, but W. Muthmann and H. Beck found the alloy with 32'76 per 
cent, of cerium is bluish-white, and very brittle; its m.p. is high ; its heat of forma¬ 
tion is 94 48 cals, per gram; its heat of combustion is 1305-5 cals, per gram; it 
oxidizes readily on exposure to air; dissolves in dil. acids; and forms cerium 
hydride when heated to 200°-400° in hydrogen. F. Olotofsky found that the electro¬ 
motive behaviour of cerium-zinc alloys show the existence of two compounds, cwluin 
qiudiantocincide, or tetritaiincide, Ce 4 Zn, and cerinm hemizi&cide, Ce.7in. The 
velocity constants of the formation of the former was computed to be 4xl0tt, 
and of the latter Kft. A. Hirsch found that cadmium unites vigorously with 
cerium, and much heat is evolved. The alloy 
is hard, brittle, and pyrophoric. On exposure 
to air, a film of oxide is formed, but the alloy 
does not disintegrate. C. Winkler noted that 
cerium dissolves in mercury, and by this solvent 
he extracted the metal from the products of 
the reduction of ceric oxide with magnesium. 

W. Kettembeil found that it is not possible to 
prepare amalgams of cerium and of praseodym¬ 
ium or neodymium by the electrolysis of salts 
of these elements using a mercury cathode. 

A. Hirsch also found that cerium readily forms 
amalgams; those with up to 2 per cent, of 
cerium are licjuid ; the others are solid. The 
amalgams readily oxidize in air; and those 
with 8-10 per cent, of cerinm fire spontaneously 
on exposure to air. According to H. Beck, amalgams containing between 10 and 16 
per cent, of cerium, possess the property of igniting spontaneously in the air; with 
a content greater than 40 per cent. Ce, they ignite rapidly in these conditions and 
throw out intense sparks which give an exceedingly bright light. The intensity of 
production of the sparks increases with the projiortion of cerium up to a content of 
80 per cent., after which the pyrophoric power considerably decreases. The alloys 
can be obtained by heating the finely divided rare metal in a closed vessel in con¬ 
tact with mercury vapour at a temp, of .5(K)‘’-600” C., the intensity and duration of 
the heating being adjusted according to the amount of mercury it is desired to absorb. 
W. Muthmann and H. Beck fouml that a liquid amalgam of cerium, containing 2-74 
per cent, of the metal, and a solid amalgam, containing 10'41 per cent., can be 
prepareil by adding cerium to boiling mercury in an atm. of carbon dioxide. The 
amalgams react with water with the evolution of hydrogen, and become coveted 
with a very voluminous coat of ceric hydroxide in moist air; spontaneous com¬ 
bustion frequently takes place. 

A. Hirsch found al nmininm unites with molten cerium quietly, forming a hard, 
brittle alloy which disintegrates without oxidation. 0. Barth, and W. Borcheti 
made cerium-aluminium alloys by adding cerium fluoride to the electrolyte employed 
in the manufacture of aluminium, and it is claimed that it improved the tensile 
strength and elongation of aluminium without interfering with its working qualities. 
The alloys have been studied by J. Schulte, and by H. W. Gillctt and V. H. Schnee; 
the latter reported that the use of cerium in aluminium alloys is “ an expense not 
attendedby any benefit.” According to R. Vogel, cerium and aluminium may be 
melted together at 1100°, when combination occurs and the temp, rises to 1800°- 
1700°. Repeated remelting is necessary in order to obtain a homogeneous mixture. 
The development of beat is a maximum at the composition of eoinm totnlmiiiliklfl) 
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CCAJ 4 . Alloys rich in slumittium are fused in carbon tubes, and the remainder 
in porcelain tubes, which are very little attacked at 1100°. Many of the thermal 
changes in the system are indistinct, and the diagram has been completed from 
microscopical observations. The f.p. curve, Fig. 15, has two maxima, at 614°, 
corresponding with the compound cerium tritdamlllide, CesAl, and at 1460°, 
corresponding with cerium dialnminid fl, CeAl 2 . There are also breaks at 595°, 
780°, and 1250°, corresponding with the formation of the compounds cerium 
hemialnminide, Ce 2 Al, cerium aluminide, CeAl, and cerium tetraluminide, CeAi^, 
respectively. The last compound undergoes a transformation at 1005°. There 
are three eutectic points, and solid soln. are not formed. L. Guillet also obtained 
these five aluminides. The alloys, with the exception of those containing more 
than 75 per cent. Ce, are stable towards air and water. Cerium dialuminide is 
hardly attacked by cone, hydrochloric, nitric, or sulphuric acid, but burns 
vigorously when heated in Bunsen’s flame. Only the alloys richest in cerium 


‘ ■ /,««"[—]-T~ I —sparks when filed. The maximum hard- 

- . -.y' _ ness, 6 on Mohs’ scale, is given by cerium 

/,3<7(f—-dialuminide, CeAl 2 . W. Muthmann and 

^ y. .: s: J H. Beck found needles or prisms of cerium 

%/,wo" . -_Y tetraluminide remain when an alloy of the 

5 1 metals is treated with a soln. of alkali 

L _ r hydroxide. The alloy is brittle. The crystals 

V ^Al _ _ \ are rhombic or monoclinic with the axial ratio 

w" I o;6=0'7706:1. The sp. gr. is 4183; the 

heat of combustion is 3441 19 cals, per gram 
^ when the calculated value is 3940 5 cals, per 
.1 I V gram ; and the heat of formation is 499 3 cals. 

^ u ,‘‘1 "" Lanthanum was found by W. Muthmann and 

Fm I H. Bock to furnish lanthanum tetraluminide, 

AIuiiunium.C6riL. AUoy's™ “ isomorphous with those of 

the cerium compound. The monoclinic or 
rhombic crystals have the axial ratios 0 ; h: c=0'7617 :1: —; the sp. gr. is 3 923; 
the heat of combustion, 3481'6 cals, per gram; and the heat of formation 395 4 cals. 
The aluminium alloys of cerium and lanthanum are very stable; are not affected by 
e.’cposure to sir; are not attacked by nitric acid, and are dissolved by hydrochloric 
acid and aq. potassium hydroxide, but less readily than their components. The 
alloy known as Mischmetall, CermischnelaU, or CeritemetaU, is obtained by the 
olcctrolysis of a mixture of the chlorides of the cerium earths from monazite sand ' 


—containing roughly 46 per cent. Ce 202 ; 26 per cent. La 203 ; 16 per cent. Nd 203 ; 
and the remainder contains the sesquioxides of praseodymium, samarium, and 
yttrium metals. Consequently, the mischmetall is a mixture of the rare earth 
metals—cerium, lanthanum, neodymium, praseodymium, and samarium—with 
more or less of the yttria earth metals. A. Sieverts and G. M. Goldegg studied the 
action of hydrogen and nitrogen on the mischmetals. 

Reactions ol analytical interest. —As previously indicated, the rare earths are 
isolated by removing silica by evaporation with hydrochloric acid, and precipitating 
the hydrogen sulpWde group. The gas is expelled from the filtrate by boiling, and 
treated with a boding soln. of oxalic acid added slowly with constant stirring. The 
washed and ignited precipitate is dissolved in the minimum quantity of acid, a 
little alcohol is added to reduce the ceric to cerous salts, and an excess of potassium 
sulphate is added. After standing a few hours, the precipitate is washed with a soln. 
of potassium -sulphate. The filtrate contains the yttrium and terbium earths; 
the predpitate, the cerium earths as sparingly soluble double sulphates. The pre¬ 
cipitate is dissolved in dil. hy^ochloric acid, precipitated with oxalic acid, wasW, 
dried, and ignited. The oxides can be di^lved in hydrochloric acid and the 
components separated as previously described. 

The general reactions of soln. of oerous, lanthanum,- praseodymium, neodymium. 
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and aamariom salts are aa follows: A precipitate of the hydroxide, R(0H)3, ii 
produced by ammatiom hydiozide or ainiiwnlgm lolpUd* : the precipitate is not 
solnble in an excess of the reagent, but is readily soluble in acids. The precipitation 
does not occur if much citric or tartaric acid be present. The colour of the precipitate 
with ccrous and lanthanum hydroxides is white; with samarium hydroxide, faintly 
yellow; with praseodymium hydroxide, green ; and with neodymium hydroxide, 
blue. Cerous hydroxide gradually oxidizes and becomes yellow on exposure to air. 
W. Biltz 9 showed that lanthanum hydroxide is peculiar in adsorbing iodfna and 
acquiring a blue colour like starch. The blue colour is destroyed by acids and 
alkalies. The hydroxides arc also precipitated by soln. of potusiam 01 BOdiam 
hydroxide. According to R. J. Meyer and co-workers, with sufficient tartaric acid, 
the precipitation by sodium hydroxide is completely prevented; potassium hydroxide 
precipitates double potassium tartrates with the members of the yttrium group 
provided the soln. is boiling; and ammonium hydroxide precipitates double am¬ 
monium tartrates of the members of the yttrium group from cold soln. and the 
precipitates become crystalline when warmed. Precipitates of the carbonates or 
basic carbonates are produced by soln. of potassium. Sodium, or ammonium car¬ 
bonate ; the precipitate is very sparingly soluble in an excess of the reagent. Pre¬ 
cipitated lead carbonate gives no precipitation, but barium carbonate slowly 
precipitates all the ceria earth from cold soln. With oxalic acid, or ammonium 
oxalate, a precipitate of the oxalate is obtained which is almost insoluble in oxalic 
acid, but slightly soluble in a soln. of ammonium oxalate. A crystalline double salt 
is precipitated by potassium, sodium, or ammonium sulphate, the double salt is 
sparingly soluble in cold water, fairly soluble in hot water, and almost insoluble in 
a sat. soln. of the alkali sulphate. A boiling soln. of sodium acetate or of sodium 
thiosulphate give's no precipitation. Neutral or slightly acid soln. give no pre¬ 
cipitate with hydrogen dioxide. With tartaric acid, no precipitation occurs. With 
hydrofluoric acid, the sparingly soluble fluoride is precipitated and the salt is in¬ 
soluble in soln. of alkali fluorides, but appreciably soluble in hot mineral acids. 
With iodic add, the iodates arc precipitated, and they are readily soluble in nitric 
acid. 

Cerous salts are readily oxidized in acid soln. by the action of lead dioxide and 
nitric acid ; by persulphates; by anodic oxidation; etc., as previously described. 
Ceric salts are readily reduced to ccrous salts by the usual reducing agents—alcohol, 
hydriodic acid, hydrogen sulphide, sulphurous acid, hydrogen dioxide, nitrous acid, 
ferrous sulphate, etc. Ceric salts give a precipitate of ceric hydroxide when treated 
with ammonium hydroxide or sulphide, or an alkali hydroxide. Sodium or 
potassium carbonate gives a precipitate, almost insoluble in an excess of the reagent; 
with ammonium carbonate, the precipitate dissolves in a large excess of the reagent, 
but is reprecipitated on boiling the soln. Lead carbonate precipitates ceric 
hydroxide; barium carbonate precipitates all the cerium from cold soln. Oxalic 
acid, ammonium oxalate, and tartaric acid reduce ceric to cerous salts— y.ti. Ceric 
salts give a precipitate with potassium sulphate, but not with sodium or ammonium 
sulphate, ^dium acetate precipitates a basic acetate from a boiling soln. Sodium 
thiosulphate gives a precipitate of ceric hydroxide. Iodic acid precipitates ceric 
iodate sparingly soluble in nitric acid. 

W. Oibbs * proposed the lead dioxide test for ceria in 1864. It is based on the 
more intense coloration exerted by ceric salts, when cerous salts are oxidized. A 
soln. of cerium sulphate with the cq. of 0 0(XX)25 grm. of ceria, when boiled with lead 
dioxide and nitric acid (1:2), gives a faint yellow colour under conditions where 
the untreated soln. gives no coloration. W. Gibbs later replaced lead dioxide by 
bismuth tetroxide, and detected O'OOOOH grm. of ceria under similar ednditions. 
W. N. Hartley claimed that 0 00001 grm. of ceria can be detected by the action of ■ 
ammonium acetate and hydrogen dioxide, although L. de Boisbaudran, and 
P. T. Cleve found ammonium hydroxide and hydrogen dioxide is far more sensitive. 
P. C; Plugge added a drop of a soln. of one part of strychnine in 1000 of sniphurio 
voi. V. 2 b 
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»cid to the dry msM obtained by evaporating an alkaline soln. He found that 
O’GOOl part of ceria gave a blue or violet «nt which changed to a reddieh colour; 
O’OOOOl grm. of ceria gave a faint blue which rapidly faded. The strychnine test 
does not work if oxalic acid be present. 

The usee of the cerium earths. —^According to E. Stern,* in 1913, about 3300 tons 
of monazite were consumed annually in producing the 3W tons of thorium nitrate 
used in making incandescent mantles \ about 316 million mantles were made in 
that year. About 100 tons of ceria were obtained as a by-product. Of this, about 
3 tons were used in making gas mantles; 200 tons in making pyrophoric aUoys; 
and 300 tons of cerium fluoride in impregnating arc-light carbons. C. E. Rohm 
has discussed the applications of the rare earths in his Die, Yerwendung der seltenen 
Erden (Leipzig, 1913). For gas monlks—vide the uses of thorium. A mixture of 
100 grms. of thorium nitrate; 0’8 to 01 grm. cerium nitrate; 0-2-0'6 grm. beryllium 
nitrate; and O'10 to 0'25 grm. of magnesium nitrate is employed for impregnating 
the mantles. Mantles for high-press, gas may have 2'8 per cent, of ceria. For 
stamping the mantles before burning off, a soln. containing did 3 rmium nitrate is 
used. A little yttria earth, along with thoria and zirconia, is employed in making 
the filaments for Nernst’s lamps. The pyrophoric alloys are used in the manufacture 
of modern automatic gas lighters, petrol lighters, cigarette lighters, for indicating 
the path of projectiles in the so-called tracer shells and tracer bullets, etc. Here, 
the “ flint and steel ” of our forefathers is revived ; the steel is replaced by the so- 
called pyrophoric alloys. It has been known for a long time that metals other than 
steel give pyrophoric sparks when struck. Thus, Q. Chesneau observed that sparks 
can be detached from uranium by friction with hard steel, and these sparks instantly 
ignite mixtures of methane and air, and alcohol, benzene, or light petroleum poured 
on cotton. The estimated temp, is over 1000°. The sparks detached from steel 
have not so high a temp, since they ignite none of these gases and vapours. The 
term pyrophoric alloy is applied to those brittle metals or alloys which, when struck 
with hard steel, furnish a shower of small particles which are heated sufficiently to 
allow them to ignite. The cerium family of metals also gives sparks, but the metals 
are too soft to be useful. C. A. von Welsbach found that cerium, or mischmetall, 
when alloyed with iron, cobalt, or nickel, becomes brittle enough to enable the alloys 
to be employed for the purpose. The alloy with 35 per cent, of iron and 65 per cent, 
of mischmetall is called auer-meUd. Numerous other alloys with cerium or miseb- 
metall have been patented. The so-called kunheim-metal was patented by 
H. Kunheim. It contains hydrides of some of these metals. Its composition 
approximates; mischmetall, 8i6 per cent.; magnesium, 10; aluminium, 10; iron, 
0'6;. hydrogen, 1'3; and silicon, 0'6. H. Kunheim patented alloys with particles 
of carborundum, boron, silicon, metals, oxides, peroxides, salts, phosphorus, sulphur, 
arsenic, and antimony. H. Kellermann, R. Grimshaw, R. Kremann and co-workers, 
J. F. G. Hicks, B, Simmersbaoh, J. Camillo, andG. Olsen have described many others. 
H. Beck found that alloys of mercury with mischmetall or cerium can be made te 
ignite spontaneously in air and then give off bright sparks, provided the amalgam 
is mixed with an oxidizing agent such as a chlorate. B. Simmersbach has reviewed 
the history of the cerium-alloy industry. A. Hirsch suggested the use of magnesium- 
cerium alloys as flash-light powders. G. Senftner proposed utilizing the pyrophoric 
alloys as arc-lamp electrodes either mixed with the carbon, or alone. The incorpora¬ 
tion of salts of cerium, particularly the fluoride, in carbons used for arc-lamp elec¬ 
trodes, has been patented. C. W. von Siemens used cerium, lanthanum, and 
didymium tungstates or molybdates. It is claimed that the arc then gives a more 
intense light, and burns easily and quietly. The use of cerium fluotitanate was 
patented'by the General Electric Co. Cerium nitride and carbide have been tried 
at a filament for incandescent electric lamps by the General Electric Co.—but with 
no commercial success. 

Glasses for railway carriages in hot countries have been mixed with a little 
pickel itnd manganese oxides with the idea of cutting oS the beat rays of the sun 
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without interfering appreciably with.the tranepareiBjr to luaiinoos rays. W. Crooke* 
suggested introducing ceria with the same object, and for making glare-r^ucing 
spectecles, etc. 0. %hott discusses the use of ceria for tinting glass yellow j ana 
of didymia for making blue optical glass. W. Huthmann and co-workers discuss 
the use of neodymium phosphate for producing an amethyst-red porcelain colour; 
and of praseodymium phosphate for producing a bright green—mixtures produce 
intermediate tints. Cerium titanate produces a bright yellow colour j cerium 
molybdate,* a bright blue; cerium tungstate, a bluish-green; cerium mangani- 
titanate, an orange-yellow; and neodymium tun^tate, a bluish-red. R. Kickinann 
and E. Rappe discussed the use of cerium dioxide as a yellow opacifying agent 
for glass and enamel. 0. N. Witt, G. Matschak, C. Baskcrville and T. B. Foust, 
and R.Gnehm discuss the use of cerium salts as a mordant in dyeing cotton, etc.; 
E. Stern, the weighting of silk; and F. Garelli, W. Eitncr, and M. Parenzo, the 
dyeing and tanning of leather; and A. and L. Lumiire, and A. Seyewctz and 
J. T. Gateau, in photography. There is a patent by C. A. von Welsbach for the use 
of cerium sulphate for accumulators, and W. Krilitschewsky found that such accu¬ 
mulators had some advantages over those made of lead. W. Plilddemsnn, and 
V. Holbling and H. Ditz discuss the use of cerium earths as catalysts in the 
oxidation of sulphur dioxide to sulphur trioxide—but the suggestion does not appear 
to be of any industrial use; and H. Ditz and B. M. Margosehes, the production of 
chlorine by passing a mixture of hydrogen chloride and sir over cerium chlorides 
heated to 350°-480°. H. Kunheim and N. Whitehouse found that cerium hydride 
and nitride serve as catalysts in the union of hydrogen and nitrogen to form 
ammonia, but the catalyst does not retain its activity very long. 3. Bekk, and 
M. Reimcr tried cerium dioxide in place of platinum as catalyst for rapid organic 
combustions. K. Kruis, H. BUhrig, and 0. N. Witt discuss the use of alkali cerium 
sulphates as catalysts in the prorluction of aniline black by the action of alkali 
chlorate or chromate on aniline. While alloys of the cerium earth metals are very 
strong reducing agents and reduce columbimn, tantalum, zirconium, cobalt, nickel, 
chromium, manganese, vanadium, tungsten, uranium, boron, silicon, etc., from 
their oxides on a small scale. Acid soln. of ceric salts arc strong oxidizing agents, 
and A. Mcistcr and co-workers claim that they arc more efficient than chromates 
for the production of aldehydes and quinones from aromatic hydrocarbons. 

Cerium salts arc used to a very limited extent in therapeutics. Like bismuth, 
they act as a sedative, lilixed cerium earth oxalates in small doses have been 
recommended to prevent nausea in cases of stomach catarrh, pregnancy-sickness, 
mal de mer, etc.; didymium salicylate is sold under the trade-name dymd as a 
non-irritant antiseptic dressing for wounds; double ceric sulphates have been sold 
under the trade-name ceriform for the same purpose. E. ^hcring recommended 
cerium phenolatc as a less toxic disinfectant than phenol, but with the same 
efficiency. The chlorides of the rare earths are said to act like ferric chloride in 
stopping bleeding; and proposals have been made to use ccrous bromide in place 
of alkali bromides. 
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§ 11. The Valency o! the Rare Earth Metals, and their Position in the 
Periodic System 

At the beginning of the nineteenth century, J. J. Berzelius i regarded ceria and 
y ttria as dioxides, assigning to them the iormuiee respectively CeOo and Y O 2 ; and he 
gave ceric oxide the formula CeOj. Influenced by the appbeations of P. L. Dulong 
and A. P. Petit’s rule, and the law of isomorphism, J. J. Berzelius admitted the 
existence of sesquioxidcs, and in 1826, ho alter^ the formulee of ceria and yttria to 
CeO and YO respectively, and that of ceric oxide to CejOj. Up to 1870, the formula 
of the rare earths, lanthana, didymia, yttria, erbia, and terbia were written RO 
because their strong basic characters were considered to be analogous with those 
of the alkaline earths. Ceria was given the formula Oe^Oi, and H. Zschiesche 
supposed it to be a mixture of the oxides CeO and CeOg analogous with red-lead. 
'Tins explanation could neither be proved nor disproved with the then state of 
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knowledge of the ceric salts. In 1870 , D. I. Mendeliiefi proposed to change the 
fashionable formulte of the rare earth oxides into the sesquioxide form RjOj; 
with the R-element tervalent, cerous oxide was also taken to bo a sosquioxide, 
Cc20s, of tervalent cerium, and ceric oxide, a dioxide, OeOs, of quadrivalent 
cerium. P. T. Clove, and S. John supported 1 ). I. Mciidel^ell’s suggestion for 
yttria, erbia, didymia, and ceriafous), but they thought lanthana to be different, 
forming not LajOj but LaO^. L. F. Nilson’s work on the selenitca and chloro- 
platinates further strengthened the idea that the rare earths, lanthana included, 
are sesquioxides. In 1873 , C. F. Ramraelsberg raised some objections to 
I). I, Mendeleeff’s hypothesis, but he accepted it three years later. 

The rare earths have been likened to alumina, but the feeble basicity of 
aluminium hydroxide, coupled with its tendency to form basic salts, and the 
tendency of aluminium to form complex compounds with organic arids, are the 
reverse of those properties which characterize the rare earths. The highly basic 
properties of these earths appear to hinder the formation of complex derivatives; 
a like contrast occurs with cupric and barium salts. C, Winkler argued in favour 
of the assumption that these elements are quadrivalent, but B. Brauner showed 
that the hypothesis is inadequate. From his measurements of the sp. ht. of cerous 
and didymium tungstates, A. Cossa concluded that the rare earth elements are 
bivalent, 0 . Wyrouboff and A. Verueuil decline to accept the arguments based upon 
sp. ht., isomorphism, and the periodic law, and state that there is a close relationship 
between the chemical properties of the rare earth elements and the bivalent metals ; 
but G. Urbain has shown that if this plan be rigidly followed, the tare earths can 
just as well be classed with tervalent bismuth. P. T. t'levo and M. Hbglund showed 
that D. I. Mendel&ff’s assumption furnishes simpler formulee for the complex salts 
of yttrium and erbium than when the rare earth metals are assumed to be bivalent. 
For example, 3YSO4.8H0O becomes Y»(S04)3.8H20 ; Y3H2(C4H4Oj)4.0H.2O becomes 
YHfGiHiOeli.eHjO ; etc. The ammino-chlorides also give simpler formula! with a 
triadic than with a dyadic base. The chloroplatinates of the uni- and bivalent metals 
are built on the typo 2KC'l.PtOl4, and MgCl2.PtCl4, while the salts of the rare 
earths are built on the typo RCl3.PtCI4.nH2O. The corresponding salts of yttrium 
and indium are anomalous in that the former has the composition 
4 YCl 3 . 5 PtCl 4 . 52 H 20 , and the latter, 2 InCl 3 . 5 PtCl 4 . 36 H 20 . P. T. Clevo found 
that the chloroplatinites and the selenites also agree better with the rare earths 
tervalent. 

No volatile compounds of the rare earths have been prepared which allow the 
vapour density to be determined. Tervalent scandium does furnish compounds 
which can be volatilized without decomposition, and, in view of the very close 
relationship between scandium and the rare earths, it is inferred that the taro earth 
metals ate tervalent. This is confirmed by mol. wt. determinations of the rare 
earths in soln. W. Muthmann, and B. Brauner showed that the raising of the b.p. 
of alcohol by anhydrous cerium, lanthanum, praseodymium, neodymium, and 
yttrium is in accord with the tervalency of these elements RCI3, although, as 
0 . A. Matignon has shown, these chlorides form complexes with the solvent. 
C. A. Matignon found the f.p, of aq. soln. neodymium, samarium, and ytterbium 
chlorides. The results are in accord with the tervalency of these ejements when 
compared with F. M. Raoult’s values for aluminium and chromium chlorides 
which are admittedly tervalent. Thus, the mol. depression of the f.p.; 

NdClj SbCI, VbCI AlClj CiCI, 

68'0 65'0 86-0 64-6 84 0 

W. Biltz found that the f.p. of sola, of acetylaeetonates of cerium and didymium in 
carbon tetrachloride; of praseodymium and samarium in carbon disulphide; and 
of neodymium in ethyl sulphide, are in accord with the view that in cone, som^, 
these compounds are present in doubled molecules [B{(CHj.C0)2GI^}|]t, wtoh 
break down on dilution. The electrical conductivities of lanthanum and yttnnm 
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chlorides by H. Ley; ol cerium, prsseodyoiium, neodymium, and samarium 
chlorides, and of lanthanum, cerium, and samarium sulphates by A. Aofrecht; of 
lanthanum nitrate by W. Muthmann; and of lanthanum, cerium, praseodymium, 
neodymium, samarium, gadolinium, yttrium, erbium, and ytterbium sulphates 
by B. Brauner, are in accord with the tervalency of the rare earth elements when 
tested by W. Ostwald’s rule— 1 . 15 , 13 . 

The sp. ht. of cerium, lanthanum, and didymium, measured by W. P. Hillebrand, 
favour the view that these elements are tervaient; similarly also does L. F. Nilson 
and 0 . Pettersson’s worfc on the mol. ht. of the oxides and sulphates of aluminium, 
scandium, gallium, indium, and the metals of the rare earths; but, as indicated 
above, A. (fossa’s work on the sp. ht. of the sibcotungstates does rather favour 
the bivalency of these elements. The evidence from the isomorphism of the com¬ 
pounds of the rare earths is condicting in that some favour the assumption that the 
earths are bivalent, and some that they are tervaient. It must also be added that 
0 . Wyrouboff found that silicotungstates of cerium, lanthanum, and didymium 
are isomorphous with the corresponding salts of thorium, a quadrivalent element. 
The same evidence would favour the assumption that univalent lithium is bivalent. 
This shows that the nature of the basic element in the silicotungstates has but a 
minor influence on the crystalline fomi. Many of the salts of the rare earths are 
isomorphous with one another so that arguments which apply to the one apply to 
all. The value of the evidence from isomorphism is usually feeble since, as 
T. V. Barker has emphasized, there are cases of apparent isomorphism among 
unrelated salt^. 

(i) homorpkiem with gaits of bivalent elements. —M. Delafontaine found that cadmium, 
didymium, and yttrium sulpliates are isomorphous and crystallize like salts of the mag¬ 
nesium series of metal sulphates. T. Vogt showed that isomorphous mixtures of the 
fiuorid<« of the alkaline earths and the rare earths occur in many minerals—yttrocerite, 
yttroQuorite, parisite, cordylite, etc.; A. Cossa and M. Zecchini, P. Didier, and A. Hogbom 
showed that cerous and didymium tungstates and molybdates form mixed crystals with 
calcium timgstate and lead molybdate; and O. Wyrouboff showed that the silicotungstates 
of the alkaline earths form mixed crystals with the corresponding salts of cerium, lanthanum, 
and didvmium. 

(til isomorphism with saUs of tervaient elements. —0. Bodman has shown that the stable 
pentahydrated bismuth, nitrate, Bi(NOg)g.5HsO, is isomorphous with the labile penta- 
nydrates of lanthanum and didymium; and labile hexahydrated bismuth nitrate, 
Bi(N0^^.6H»0, is isomorphous with the stable hexahydrates of the same two elements. 
G. Urbam, S. Blumonfeld, and H. Lacombo also sliowt^ that the yttria and terbia earths 
form mixed crystals with pentahydrated bismuth nitrate; that ammonium bismuth 
nitrate, Bi(NO0«.2KH4NOg.4H|O, is isomorphous with the lanthanum salt, 
La(N0g)g.2NH4N0^4H,0, and that the double salts of the type. 2Bi(N0})g.dM(N08)4.24H|0, 
are isomorphous with tne corr^ponding salts of cerium, lanthanum, praseodymium, neo¬ 
dymium, samarium, europium, and gadolinium, when M represents on atom of bivalent 
magnesium, manganese, zme, nickel, or cobalt. G. Bodman aW found that pentahydrated, 
oot^ydrat^, and enneahydrated bismuth sulphates are isomorphous with the corre¬ 
sponding h^rated sulphates of the rare earths. P. T. Cleve, and L. F. Nilson found that 
yttrium selenite and chloroplaiinate are isomorphous with the corresponding salts of 
tervaient chromium, aluminium, indium, and iron. 

L. Benoiat and H. Copaox found that cerium fits well into the curve where’thc 
at, wt. is plotted against the transparency to the X-rays on the assumption that 
in cerous salts cerium is tervaient. Similarly also the order of increasing at. number 
is nearly the same as that of increasing at. wt., and H. G. J. Moseley has shown that 
iriben the at. number is plotted with the sq. root of the frequency, the rare earth 
metals, with the exception of yttrium, come between banum and tantalum in 
accord with the tervalency of these dements. H. Freundlich and H. Schucht 
found that the action of salts of the rare earths on colloidal arsenic sulphide re¬ 
sembled dkat of salts of other tervaient metals. 

At the time D. I. Mendel^ published the periodic law,^ the problem was to find 
places in the periodic table for the elements; at the present day fifteen vacant places 
m the table want filling. B. I. Mendeleefi was quite definite about the portion of 
cerium; he placed it after tin in the fourth group and eighth series, and showed 
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that tiiii element was then in conformity with the ep. ht. rule. He was also satisfied 
s^h Hie position of yttrium between ^llium and indium in the third group, and 
sixth series, but rather doubtful about erbium, didymium, and lanthanum, which 
he placed: 
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D. I. MendeleoS was of the general opinion that we are too ignorant of the rare 
earths to justify the attempt to instal them in the table. D. I, Mendeliefl’s erbium 
and didymium were afterwards shown to be complex, and with increasing knowledge 
lanthanum was assigned to the place occupied by didymium. The alhx'ation of 
places in the table for the fifteen or sixteen rare earth elements has not been success¬ 
fully accomplished, whether these elements be regarded as dyads or triads. The 
assumption that these elements ace dyads leaves the table in a hopeless position; 
there is no suitable place for many members of the series- e.y. yttrium—and there are 
three candidates for one vacancy between molybdenum and ruthenium. If these 
elements be triads, yttrium falls in the. place indicated above, the space between 
molybdenum remains vacant, and there arc fourteen candidates for the vacant 
places between barium and tantalum. On the other hand, if these vacant places 
be filled by the elements ranged in the order of their at. wt. the majority occupy 
positions not in accord with their properties. Cerium remains in the position 
assigned to it by D. I. Mendeleefl; and this harmonizes with the properties of ceric 
compounds, and with their -relations with titanium, zirconium, and thorium—j.v. 
Scandium, yttrium, and lanthanum then form a sub-group of the third group. 
At one time, B. Brauner considered that the rare earths from cerium to ytterbium 
form a zone of elements in the fourth group, so that Cc in the above scheme is 
replaced by I?C'e, where 

|Ce, Pr, Nd,— 

—, Sa, Eu,— 

i:Co = —, Od, — 

Tb, Ho, Er, — 
iTm, Yb, —, — 

and the nine empty spaces of the ninth scries of the table disappear. This forms the 
so-called asteroid tbMry of the rare earths. The scheme also assumes that there 
are nine undiscovered elements—vide 1 . 6, 6. C. Benedicks emphasized the slow 
change in the at. vol. of the rare earth elements in passing from lanthanum to 
ytterbium, and he assembled them all in the third and fourth groups of the periodic 
table, and, like B. Brauner, he omitted the ninth scries. J. W. Rctgers places 
lanthanum, cerium, didymium, samarium, erbium, and ytterbium in the eight 
series of the third group. G. Budorf placed the rare earths in a special group. 

B. J. Meyer believes that cerium should remain in the place assigned to it by 
D. 1 . MendelOeff, and he instals the other elements as an assemblage in the place 
assigned to lantWum. Cerium thus falls out of the atomic order. R. J. Meyft 
then arranges the rare earth elements in the form of three sub-groups, with five 
dements each, two of which have not yet been found. 
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These sab-gronps form a kind of minor periodic system—ein ■periodischea System 
in Ueinen. Several others support the view that 
the rare earths have no suitable place in any of the 
groups of the periodic table. L. Meyer’s at. vol. 
curve—Fig. 4 , Cap. VI—has five crests and four 
troughs, and then breaks ofi at barium, and cou' 
tinues on again from tantalum, forming one mote 
crest. E. Baur is of the opinion that the hiatus does 
not correspond with another crest, but rather forms 
a zig-zag line, Fig. 16 , commencing at lanthanum, 
and after reaching lutecium, drops down to tantalum. 
Hence, added E. Baur, lanthanum belongs to the 
8 th series of the third group, cerium to the 8th 
m ao uo fourth group, and the remainder belong 

Atcmx nechto to no group, and are best introduced in the table in 
Fio. 16 .—Portion of Atomic the 8th series as an intermediate assemblage between 
Volume Curve. the third and fourth groups. 
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S. Meyer adopted a somewhat similar arrangement, including lanthanum and cerium 
in the same group. These proposals interrupt the continuity of the periodic table, 
and many geometrical arrangements have been suggested in which the discontinuity 
is more or less camouflaged. 

Following B. do Chancourtois’ vis tellurique —telluric screw—D. I. Mendclecfl said 
that the at. wt. of the elements could be ordered on one single spiral; and modifica¬ 
tions have been suggested by J. E. Eeynolds, W. Crookes, 
H. Baumhauer, E. Huth, C. Renz, F. Soddy, W. D. Harkins, 
C, R. Nodder, J. R. Partington, L. B. Tansley, I. W. D. Hackh, 
etc. In R. Vogel’s modification, the elements are arranged 
as an ascending spiral in the order of their atomic numbers. 
Each turn of the spiral accommodates one short period of 
eight elements; and elements of the same group lie vertically 
above one another. He arranges subsidiary loops for the 
elements of the eighth group, and also for the rare earths. 
With the latter, the spiral, after passing barium, makes a 
complete turn, resuming the original path at tantalum. 
The sixteen rare earth elements are crowded on the sub¬ 
sidiary loop in such a way that lanthanum and cerium lie close to the vertical 
lines corresponding with the third and fourth groups, as illustrated by Fig. 17 . 
Analogies between the rare earth elements and those of the eighth group of the 

S eriodio table, have been emphasized. J. E. Reynolds, for example, placed 
idymium and samarium in the eighth group. According to B. D. Steele, (i) the 
members of the different families iron, cobalt, and nickel; ruthenium, rhodium, and 
julladium; osmium, iridium, and platinum; and the rare earth family, ate unusually 
mfficult to separate from one another, (ii) The at. vols. of all these families are 
unusually smdl; and (iii), these elements are more strongly paramagnetic than is 
the case with other elements. Following the ideas of T. Bayley— 1 . 6, 3 —and 
J. Thomsen, and ignoring the inert gases, the elements are arranged with two 
series each with seven members; and two series each with seventeen members. 
The three central members of each of the long series form a kind of interperiodio 
group. I. W. D. Hackh, 1 . D. Margary, and A. Werner have modified the idea, and 
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arrangea toe eiements with the rare earth metals as an intermediate group between 
bariom and tantalum. B. Brauner in 1908 revived and modified a suggestion he 
made twenty-seven years earlier, by allocating the rare earths to various positions 
in the eighth, ninth, and tenth series of the third to the eighth groups; 
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As the at. wt. of the elements of the eighth series increase, there is a decrease in 
basicity and in the tendency to form complexes; while those in the ninth series 
increase in the tendency to form complexes, but decrease in basicity as the at. 
wt. increases. B. Brauner assigned the positions from the valencies of the elements 
deduced from the hydrides: 

1. 11. HI. IV. V. VI. vii. viii. 

CsH BaHj LaHjt CeH* Prlfj NdH, (SaH) (EuHg) 

He also said that some of the rare earth elements can form higher oxides than the 
sesquioxide in the presence of oxygen carriers. 

The general result of this discussion is to show that scandium, yttrium, lanthanum, 
and cerium fit very well into the periodic table, but when the remaining rare c*rtha 
are in.stalled, the simplicity and regularity of the scheme are destroyed, fhe 
discontinuity may be masked, but it cannot be removed by the use of geometrical 
devices—spirals, helices, Icmniscates, etc. If the rare earth elements be allocated 
in the order of their at. wt. in the twenty spaces in the periodic table between barium 
and tantalum, then it can no longer be said tliat the properties of the elements are 
periodic functions of their at. wt., Table XII, and the periodic law breaks down. . 


Table XII.— Allocation oc the Karb Earths in D. I. Mkndkli^ff’s Table. 


Groups . .1. II. HI- 


, 0 

Rb 

Sr 


Y 


Zr 


1 ’ 

Ag 


Cd 


In 


Su 

Serieu 8 

Cs 

Ba 


U 


Ce 


\ 9 



Eu 


Gd 


Tb 

' 10 

Tm 

Yb 


Lu 


Hf 



V. 

VI. 

VII. vill. 

Cb 

Mo 

— Rii. Rh, Pd 

Sb 

To ; 

1 

Pr 

Nd 


Dy 

Ho 

Er 

Ta 

w 

Oh, Ir, Pt 


In 1885 J R. Rydberg introduced the use of integers in place of at. wt. since he 
thought the latter is not a simple iiuality, but has a complex nature^ whereas the 
integers may be considered to represent a true independent variable. As with 
H G J. Moseley’s at. numbers, the order chosen for J. R. Rydberg s at, numbers is 
that of increasing at. wt. except with four pairs of elements—argon and potassium, 
nickel and cobalt, iodine and tellurium, and praseodymium and neodvmium. m 
rejected D. I. Mcndeleeff’s classification claiming that the system of elements docs 
not consist of periods in the ordinary sense, but rather embodies quad^ratic groups 
each group containing 4, 16. 36, or 64. i.e. 4p* elements, where p is the number of 
the group, so that p=l, 2,3, or 4. Each element in J. R. Rydberg s Table « 
fied by an integral number which is two units above that chosen by H. G. J. Moseley 
as the atomic number, iV-4 25. 6. This is because the latter started his series 
with H, 1; He, whereas J. B. Rydberg’s first group with p_l,commenciim 
with the hypothetical electron gas E,0, runs on H, 1; then follow two 
elements numbered 2 and 3, and the group ends wth He, 4. It is 
gases named coronium and nMium, which have been reveaM by the solar s^c^ 
^present the unknowns in J. B. Rydberg’s first poup This mak® 
and coronium 3. The second group, p=2. contains the 16 elements from heUum 




Tabu XIII.—J. R. Rvdbbbo’s CtASsmciTioif oy 
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to stgoa; the third group, p=»3, contains the 36 elements tangmg from argon to 
fourth group, p=4, with 64 elements, ranges from xenon to uranium. 
Both Tables XII and XIII are in harmony with H. Q. J. Moseley’s work on the high 
frequency spectra of the elements—3. 25,6—according to which, the sequence of 
the atomic numbers of the rate earths is as indicated in both tables—remembering 
that J . U. Rydberg’s atomic numbers are two units higher than those of 
H. G. J. Moseley. When the at. numbers, Af, are plotted agjunst the sq. toots of the 
frequencies, the points lie on a aeries of smoothed curves approximating to straight 
lines. This fact is not likely to be chance, and it is accordingly assumed that the 
order of the atomic numbers is the outward symbol of a hidden mechanism of 
fundamental importance. With respect to the rare earths, H. G. J. Moseley’s law 
indiratea that an element with an at. wt. between that of neoilymium and samarium 
awaits <^overy, and four elements—presumably thulium, ytterbium, lutecium, 
and celtium—come between erbium and tantalum; terbium and holmium are not. 
complexes, but are chemical individuals; nor is thulium likely to be a mixture of 
three elements as C. A. von Wclsbach argued. Hence, in the ordinary sense of the 
term, only one rare earth element is missing from H. G. J. Moseley’s and 
J. R. Rydberg’s series. The arrangement cannot be reconciled with the general 
chemical and physical characters of the rare earth elements; but it agrees with the 
observations of W. M. Hicks : viz. (i) The line spectra of cadmium, europium, and 
mercury exhibit triplet series of the sharp and diffuse type; where the, triplet 
intervals are approximately proportional to the squares of the at. wts.; (ii) 
gadolinium exhibits doublet series similar to those of aluminium, gallium, and 
titanium; and (iii), scandium, yttrium, lanthanum, and ytterbium also show 
doublet aeries. 

In passing from hydrogen to uranium, the majority of the elements show con¬ 
spicuous differences in their chemical properties, but there is an interruption in the 
normal sequence, for one group of elements suddenly appears whose members are so 
closely related chemically that their separation offers special difficulties. N. Bohr ^ 
showed that the nucleus theory of the atom, and the quantum theory of radiation 
offer a rational interpretation of the interruptions in the normal sequence of the 
elements by the rare earth groups. What can be called the atom’s chemical pro¬ 
perties are determined by the number and the arrangement of the electrons of the 
atom, but chiefly by the number and arrangement in the outermost group of 
electrons. When proceeding from hydrogen to uranium there arc, in general, appreci¬ 
able differences in the outermost group of electrons of two neighbour elements, 
hence the marked difference in the chemical behaviour of these elements. Further¬ 
more, N. Bohr assumed that at a certain place in the periodic table a group of 
elements is encountered whoso members show differences only in the constitution 
of the deeper lying electron groups of their atoms. Differences in the inner groups 
correspond with only small differences in the chemical behaviour, hence the gre|t 
similarity in chemical behaviour of the group of the rare earth elements. According 
to N. Bohr’s theory, the successive change in the inner groups of electrons occurs in 
the interval between lanthanum, at. wt. 57, and lutecium, at. wt. 71. He said : 
In the rare-earth elements there is a gradual development of the group 4-quantum 
electrons from a group containing 18 electrons into a group of 32 electrons, the 
numbers in the groups 5- and 6-quantum electrons remaining unchanged. In 
lutecium, the group of 4-quantum electrons is complete, and in the neutral atom 
of the next element hafnium, the number of electrons moving in 6- and 8-quantom 
orbits must exceed that of the rare earths by one. Lutecium must therefore be 
the last in the sequence. C. R. Bury expres^ the same idea another way. He 
said that in general, succeeding elements differ by one electron in the oatei sbeD, 
but in the rare earths, succeeding elements differ by one electron in an inner shell 
—probably the fourth of their mnels. Further, these elements do not show 
the variety of structure characteristic of other series, although some of these 
elements show ugns of having more than one structure. Among a number of 
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possibilities, he suggested the following electronic structures for the rare earth 
elements; 


At. No. At. No. 


58 



8, 

18,18, 8, 4) 

66 

Tb 

(2, 

8,18,26, 8, 3) 

59 

Pr 

(2, 

8, 

18,19, 8, 4 

00 

Ds 

(2, 

8,18, 27, 8, 3) 

60 

Nd 

(2, 

8, 

18,21, 8, 3 

07 

Ho 

(2. 

8,18, 28, 8, 3) 

01 


(2, 

8, 

18, 22, 8, 3 

08 

JSr 

(2, 

8, 18. 29, 8, 3) 

02 

Sa 

(2, 

8. 

18.23, 8, 3) 

09 

Tm 

(2, 

8, 18, 30, 8, 3) 

03 

£u 

(2, 

8, 

18, 24, 8, 3) 

70 

Yb 

(2, 

8, 18,31, 8, 3) 

04 

Ud 

(2, 

8, 

18, 26, 8, 3) 

71 

Lu 

(2, 

8, 18, 32, 8, 3) 


H. G. J. Moseley s * arrangement of the at. numbers of the elements shows that 
a rare earth is missing for No, 61. J. M. Eder postulated the existence of euro- 
mmatium from spectroscopic data. C. C. Kiess found lines common to neodymium 
fmd samarium, and suggested they may belong to the missing element. 
L. F. Yntema examined the monazite and gadolinite earths by X-ray analysis 
and spectroscopically, and considered it probable that an element of this number 
may be present in the fraction containing neodymium and samarium. 
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§ 12. The Atomic Weights ot the Cerium Family ol Metals 

The earlier determioations of the at. wt. of cerium must have been made on 
ceria contaminated with other earths, since later observations have shown that 
unknown and unsuspected rare earths accompany the raw materials, and these could 
not have been all removed by the methods of purification employed. In 1868, 
C.Wolf 1 showed reasons for suspecting the homogeneity or the chemical individuality 
of ordinary cerium, but he died before completing his work. B. Brauner, in 1886, 
suspected that cerium may be a mixture, and he claimed that (i) by the fractional 
soln. of ceria in sulphuric acid; (ii) by the extraction of partially reduced ceric 
oxide ; (iii) by fractional precipitation with oxalic acid ; (iv) by fractional crystal¬ 
lization of the sulphate; (v) by fractional crystallization of ceric ammonium nitrate 
or of cerouB ammonium nitrate; and by the fractionation of basic nitrate or sulphate, 
ceria can be separated into two forme, one of which is insoluble in cold hydrochloric 
acid, and the other dissolves in hydrochloric acid. The one form gives a white oxide, 
and the other a dark salmon-coloured o.xide of an element which he designated 
melacerium. The spark spectra of both forms had some lines in common, whereas 
other lines are characteristic of each. 1’. Schlitzenbcrpr also claimed to have 
separated cerium by the basic nitrate process into (i) cerinm-l, which gave a white 
oxide with an at. wt. 139'5; and (ii) cm'um-2,with an oxide-coloured rouge, rose ou 
hrun rose clair ; and, in conjunction with 0. Boudouard, they declared that ceriuin 
from ceritc is different from that from inonazite. G. Wyrouboft and A. Verneuil 
showed that the methods employed by P. Schiitzenberger and 0. Boudouard were 
not sufficient to separate ceria from thoria and the ytfria earths ; and that cerium 
from cerite and monazitc is the same clement. G. P. Drossbach failed to confirm 

B. Brauner’s results, and in 1906, the last-named said that his metacerium was 
mainly terbimn. It is, therefore, inferred that when adequately purified by known 
methods cerium is a homogeneous individual. 

In 1882, B. Brauner ^ claimed to have obtained from lanthana an earth with an 
at. wt. and basicity intermediate between lanthana and didyinia ; and P. T. Oleve 
obtained an analogous earth which he named provisionally ^-Di; but later found 
that the spark spectrum agreed with that of lanthana when an incorrect measurement 
of one of the lanthanum spectral lines by R. Thalen was rectified. He then expressed 
the opinion that there is no intermediate between lanthanum and didymium. 
P. Schiitzenberger likewise claimed to have resolved lanthana, but B. Brauner and 
P. Pavlicek claimed that he had not eliminated yttria from his lanthana ; the last- 
named also confirmed the previous work of B. Brauner on the existence of an 
intermediate element which imparts to lanthana a pale buff tint. This inference 
has not been confirmed, and it meets with no support from H. 0. J. Moseley s3 
observations on the high-frequency spectra. , . , 

The homogeneity of praseodymium, neodymium, and samarium has been demed 
by G. Kriiss and L. F. Nilson, W. Crookes, H. Becquerel, A. Bettendorff, 

C. M. Thompson, L. M. Dennis and E. M. Chamot, 0. R. Bohm, C. BaskerVille and 
co-workers, and B. Brauner. In most cases the opinions have been founded on the 
absorption spectra. The high-frequency or X-ray spectra are in^ accord with the 
assumption that an earth remains to be discovered, and its at. wt. lies between those 
of neodymium (144*3) and samarium (160*4), but no clear evidence of the jmtare of 
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Ae alleged companion elements has been adduced. E. Dem 8 r 9 a 7 failed to find 
any difference in neodymia derived from cerite, samarskite, and mosandiite by 
different metbods of fractionation; and no difference could be detected in neodymia 
after repeated fractionation; nor could he find any evidence of complexity after the 
repeated fractionation of samaria. It was therefore inferred that samarium and 
neodymium are homogeneous. This conclusion was confirmed by W. Muthmann 
and L. Weiss, W. Feit and C. Przibylla, C. A. von Webbach, U. Bberhard, 0. Holm- 
berg, G. P. Baxter and H. C. Chapin, W. Bech, C. Baskerville and R. Stevenson, 
G, Orbain, and H. Lacombe. The homogeneity of praseodymium has been tested 
by C. von Scheele, C. A. von Webbach, W. Muthmann and L. Weiss, W. Feit and 
C. Przibylla, W. Kech, G. P. Baxter and 0. J. Stewart, and H. Lacombe, but there 
is no clear evidence of complexity, nor, indeed, of the existence of an element with 
an at. wt. intermediate between those of praseodymium and neodymium. The 
X-ray spectra fit with the assumption that the atomic numbers are La, 67; Ce, 58; 
Pr, 59; Nd, 60; Sa, 62, with an unknown element between neodymium and 
samarium. 

Considering the designation rare element, a remarkable number of determinations 
of the at, wt. of some of these elements has been made. The unusual chemical 
and physical properties of these substances, and their relations to the periodic 
system, have been the magnet. The at. wt. of cerium has attracted more attention 
than that of a common element like iron; - similarly also with the at wt. of 
lanthanum. Nevertheless, owing to the extraordinary difficulties attending the 
purification of the materials, and the difficulties attending the analytical operations, 
the degree of accuracy of the results is of a lower order than that of the common 
elements. J. J. Berzelius ‘ in his at. wt. tables of 1814-18 gave 137-9 as the value 
of this constant for cerium on the assumption that the clement is tervalent; 
W. Hisinger apparently made the determination. In 1840, F. J. Otto gave the value 
138-91. 

A. Beringer obtained 142-06 by converting the carbonate into chloride and 142-29 by 
analyzing the sulphate ; 2CeOj: SBaSO,. 0. F. Rammelaljorg obtained 13.')-59, and 
B. Bunsen and J. Jegel, 138-29, from the same ratio. R. Hermann obtained 138-62, and 
J. C. O. de Marignac, 142-05, from the ratio CejtSO,),: 3BaS04; the last-named also 
obtained 142-43 from the ratio CejtSO,), ; 3BaClj; T. Kjerulf obtained 174-6 a worthless 
value—and C. F. Rammelsberg, 138-19 from the ratio CedCjO.).: 6CO,; and R. Bunsen 
and J. Jegel, 140-26, from the ratio CojICjO,), : ZGeOj. 

It is not likely that results obtained prior to the discovery of lanthanum (1839) and 
didymium (1843) can have much value, since the ceria was virtually certain to have 
been contaminated with these elements. Not until about 1860 were the materials 
tested for the presence of foreign earths by spectrum analysis. Prior to that year, 
the ceria employed was of an uncertain degree of purity. From the ratio 
Ce8(80«)j: 2CeOt, C. Wolf computed the at. wt. 138-75; C. H. Wing (1870), 137 88 ; 
B. Brauner (1885), 140-22; G. Wyrouboff and A, Verneuil (1897), 139-52; G. Kolle 
(1898), 138-81; and B. Brauner and A, Batek, 140 21; B. Brauner (1885) obtained 
140-24 from the ratio 004 ( 804 ) 3 : CejOj. From the ratio 0 e 2 (SO 4 ) 3 . 8 HjO : SHjO, 

G. Wyrouboff and A. Verneuil (1897) obtained 139-21; and from the ratio 
C«g( 804 ) 3 . 8 H 30 : 2 Ce 03 , 139-43; and from the same ratio, B. Brauner obtained 
140-25. Froni the ratio 064 ( 804 ) 3 : 3 Ba 804 , P- Sohiitzenberger obtained 139-46.. 
From the ratio* 004 ( 0404 ) 3 : 2 OCO 4 , H. Bbhrig obtained 141-43; and from the ratio 
064 ( 0404 ) 3 : 6004 , 141-69. From the ratio 20 e 04:30403 (i.e. loss on ignition of 
oxalate), B. Brauner obtained 140 01 in 1895, and 140-26 in 1903; while 
B. Brauner and A. Batek obtained 140-27. From the ratio 0 e 0 l 3 : 3 A^, 

H. BobiUson (1884) obtained 140-19. B. Brauner computed 140-25 for the best 
representative value; and F. W. Clarke, 1401971 0 0038. The International 
Table, 1920, gives 140-25. 

The at. wt. of iMlBaui o m was stated by its discoverer, 0. 6. Mosander,* to be 
680 wheivozygen is 100; t.e. 139-2 when oxygen is 16. This value is much nearer 
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tha mark than many later determinations. Determinations by M. Choubine (1842), 
C. F. Rramelsberg (1842), and R. Hermann (1843) gave values which we» inao* 
oui^te because the lanthatu must have been contaminated with didymia. From 
the ratio liat(S 04 )j; 3 BsS 0 t,. J. C. G, de Marignao obtained 139'5 and 148'3; 
C. Csudnowioz, 133 0; C. Erk, 135-82. From the ratio LajCSO,),: 3Baa„ J. 0. G. de 
Mangnac obUmed 141 3. From the ratio LajO,; LajlSO^ls, M. Holsmann obtained 

139- 2; C. Csudnowicz, 146-6; R. Hermann, 1.39-50; H. Zschiesche, 136-33; 
C. Erk, 135-63; J. C. G. de Marignac, 138 80; P. T. Clcvc, 139 27 and 138 34; 

B. Brauner, 138-88, 138 34, and 138 21; G. Bodinann, 138 94; 0. Brill, 139-79; 
F. A. Bauer, 138-75; A. Bettendorff, 138 69; W. Gibbs, 139-70; P. Slchtlticnberger, 
138-0 and 135 0; B. Brauner and F. Pavlicek, 139 03; and H. C. Jones, 138-77 and 
138-80. From the ratio LajOj^SBaSOi, M. HoUmann obtained 1.39-46; from the ratio 
bajlIOjlj.OHjO : laitOj, 137-69; and from the ratio I.*gMg 3 (N 03 )]g. 24 Hj 0 :1..ajOj, 

138- 68. Frbm the ratio LaClj : 3AgCl, R. Hermann obtained 139-26 ; G. P. Baxter 
and co-workers, 138-89; and B. 8 . Hopkins and F. 8 . Driggs, 138-91. R. Hermann 
obtained from the ratio U 203 : 3 C 0 j, 139 36. From the ratio l^ajOj.-.TC'jOj, 
W. Gibbs obtained 139-70, and H. C. Jones, 1.39 07. From the ratio LaaOj : 311 , 804 , 
W. Feit and C.-Przibylla obtained 139 09. B. Brauner gives 139-0 for the best 
representative value; F. W. Clarke, 138-8. The International Atomic Weight 
Commission for 1921 gave 139 0. 

The at. wt. of dldyuuum determined by J. C. G. de Marignac ® and others, lost 
interest when C. A. von Welsbach ^ demonstrated that it is compounded of praseo¬ 
dymium and neodymium of at. wt. approximately 143 6 and 140-8 respectively ; 
more accurate determinations give more nearly 141 for the former, and 144 for the 
latter. It therefore appears as if C. A. von Welsbach had somehow got the 
labels of his materials crossed. B. Brauner calculated 14109 for the at. wt. 
of praseodymium from the ratio Pr 2 (S 04 ) 3 . 8 H, 0 : PrjOa; and from the ratio 
PralSOa),; PraOs, 140-96 and 140 96 ; H. C. Jones from the same ratio obtained 

140- 46, and C. von 8 oheele, 140 .53. From the ratio PraOa: 3 C 2 O 3 , B. Brauner 
obtained 140 98, and C. von 8 cheele, from the ratios PtaOs : 3 C 2 O 3 : PrafSOals, 

139- 72 to 140-15. W. Feit and C. Przibylla obtained 140-62 from the ratio 

PraO,: 3 H 28 O 4 ; and G. P. Baxter and 0. J. Stewart, 140-93 from the ratio 

PrCl,: 3AgCl, and for the ratio PrCIa: 3Ag, 140-92. B. Brauner estimates the 
best representative value to be 14097 ; and F. W. Clarke, 140-619±0-(X)33. The 
International Atomic Weight Commission for 1920 gives 140 9. 

For the at. wt. of neod^um B. Brauner obtained 143 63 and 143-89 from the 
ratio NdaO,; Nd2(804)3 ; 0. Boudouard, 143-05 ; H. 0. Jones, 14.3-6 ; 0. Holmberg, 
144 -iO; 0. Brill, 142-46; and C. A. von Welsbach, 144-64. W. Feit and 

C. Przibylla obtained 144-5 from the ratio Nd 203 : 3 H 2 SO 4 . G. P. Baxter and 

H. C. Chapin obtained 144 272 from the ratio NdCl,: 3AgCl, and 144 268 from the 
ratio NdClstJAg. G. P. Baxter and co-workers (1916) from the last-named ratio 
obtained 144-261. B. Brauner gave 143-9 for the best representative value ; and 
F. W. Clarke, 143-91010 0051. The International Atomic Weight Commission (or 
1920 gives 144 3. 

M. Delafontainc’sS decipium, L. de Boisbaudran’s samarium, and J. C. Q. de 
Marignac's Yz’gave an at. wt. approximating to 169-171. The detenninations by 
< J. 0. G. de Marignac, B. Brauner, P. T. Clevc, A. Bettendorff, and W. Muthmann 
and L. Weiss must have been made with impure material. It was not until 1900-1904 
that E. Dcmatyay, and G. Urbain and H. Lacombe prepared material of a high 
degree of purity and free from europium ; samaria prepared before that probaWy 
«mtained europium. Nevertheless, the earlier determinations do not differ very 
much from more recent values. From the ratio 88 ,( 804 ) 3 : SajO,, J. -C. 6 . de 
Marignac obtained 149-4 and 149 87 ; B. Brauner, 150-7 and 160-66; P. T. Cleve, 
180-16; A. Bettendorff, 160-44; W. Muthmann and L. Weiss, 161-39; 
B. Dematfay, 147-2-148-0; and G. Urbain and H. Lacombe, 150-63. From the 
ratio Sa,0^: 8 a,( 804 ) 3 . 8 H 20 , J. C. G. de Marignac obtained 150-01; B. Brauner, 





ratio 80202 ( 804 ); S 80 (S 04 ) 2 , C. Matipon obtained 160'6, and W Feit 

*’'®.'»‘*oSa 202 : 3 H 2 S 04 .. 0. J. Stewart and 0. Jamoj 
obtained 150 43 from the ratio SaCls: 3Ag. A. W. Owens and co-workers fouml 
from the ratio SaCls: 3Ag, an at. wt. 150'43, the range being 160’40 to 150'49. For 
the best representative value, B. Brauner gave 150'44; P. W. Clarke, 150'390 
+0-0071. The International Atomic Weight Commission for 1920 gave 150-4. 
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§ 13. The Oxides ol the Cerium family ot Earths 

Each of the rare earths forms a basic scstjuioxidc in which the metal is tcrvalent. 
The sosquioxidcs arc all stable, and constitute the rare earths properly so called. The 
sesquioxides of the rare earth metals other than those of terbium, praseodymium, and 
cerium are stable in air, even at a bright red heal. The three rare earths just named 
pass into higher oxides when heated m air, and in the case of ceria, oxidation occurs 
at a comparatively low temp. In some cases higher oxides or hydrojieroxides are 
formed by the action of hydrogen dioxide. According to C. Winkler,! there is no 
sign of the formation of cerimn monoxide, CeO, when ceric oxide is reduced by 
magnesium. The ignition of the hydroxides, carbonates, nitrates, sulphates, 
oxalates, and of the salts of many other oxy-acids furnishes lanthanu, or lant ll i n u m 
Mg qnin^Aa , l-a-A; ncodymia, or neodyminm gesquioxide, NdgOj; and samofta, 
or samAlinm sesQUioxide, SagOj. It is generally difflcultr-particularly with the 
lanthanum salt—to get rid of the last trace of sulphate by ignition. The 
sesquioxides of these elements were also formed by W. Muthinann and L. Weiss, 
etc., by the combustion of the metals. In the case of praaeodymia, or pnModyminm 
lejqnioxi^ PrjOa, the higher oxide obtained by ignition is to be reduced^ to the 
gesquioxide by heating it in a stream of hydrwen at a red heat, say 900“. The 
preparation of cerium sesquioxide offers some difficulty h^usc of the great stability 
of ceric oxide which is the product obtained by calcining the oxy-salts, etc., of 
cerium. The higher oxide of cerium is not reduced to the sesquioxide so rea^y m 
is the case with praseodymium dioxide; the reduction of the red-hot oxide by 
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hydrogen, as J. Sterba has shown, is incomplete at atm. press.; but, according to 
E. Newbery and J. N. Pring, ceria, or cerium aesaniojride, or cerous oxide, CejO^, 
can be obtained by reducing ceric oxide by heating it to 2000° in hydrogen at 
150 atm. press. W. Guertler found ceric oxide is reduced to the sesquioxide by 
heating it white hot in the reducing atm. of a petroleum injector furnace. C. E. Rani' 
meJsberg said that it is obtained by calcining cerous carbonate in hydrogen free 
from ozone. If cerous oxalate be calcined in vacuo, or in a stream of hydrogen, a 
mixture of ceric and cerous oxides and carbon is obtained. C. G. Mosander, and 
A. Beringermid that cerous oxide is formed by calcining ceric oxide to a high temp, 
in a carbon crucible, or in a stream of hydrogen. This is doubtful, for, according 
to K. J. Meyer, P. Didier, and J. Sterba, when the hydroxide, carbonate, nitrate, 
or oxalate is heated in hydrogen or in the absence of air, the dark blue product has 
a composition apiiroximating CeiO;. L. M. Dennis and W. H. Magee say that a 
white cerous oxide can be obtained by calcining the hydroxide in an inert atm.; 
but later observations have shown that in the dehydration of the dried hydroxide, 
water is decomposed and the cerous oxide is oxidized. C. Winkler found that some 
cerous oxide is obtained when ceric oxide is heated with magnesium, or, according 
to J. Sterba, with zinc ; it is, however, not practicable to separate the cerous oxide 
from the other jiroducts of the reaction. A. Burger obtained cerous oxide by 
reducing ceric oxide with an excess of calcium, and washing out the other products 
of the reaction with a soln. of ammonium chloride at —10°, or with a soln. of sugar 
at0°. 

Owing to the difficulty of removing didymia from ceria, and to the 
ignorance of the early workers as to the complexity of what they considered to be 
jiure ceria, there arc some conflicting statements as to the colour of cerous oxide. 

O. P. Uammclsberg said that it is a bluish-grey powder ; A. Burger, yellowish-green; 
and 0. Popp, and L. M. Dennis and W. H. Magee, white. Lanthana is white; 
praseodymia, yellowish-green or greenish-yellow; neodymia, sky-blue; and 
Samaria, white with a faint yellow tinge. There are some differences of o))inion 
as to the colour of neodymia described by C. A. von Welsbach as being blue; 

A. Wagner, sky-blue with a violet tint; B. Brauner, pink with an amethyst tint; 
W. Muthmann and L. Weiss greyish-blue without any yellow or brown tinge; 

E. Demarsay, violet; H. C, Jones, when hot, “ a marked bluish colour, which, 
however, disappears on cooling ” ; C. Baskcrville and E. Stevenson, brown, rose, 
black, and violet; and H. Lacombe, sky-blue. The varying statements, said 
A. Wagner, are probably due to the oxide under investigation having been in many 
cases contaminated with other rare earths, and particularly with praseodymia. 

E. T. Wherry attributed the reddish-violet colour of certain minerals to the presence 
of neodymium compounds. When ceria is exposed to air, oxygen is absorbed and 
the dioxide is formed, the product usually acquires a yellow tinge; praseodymia 
likewise absorbs oxygen, forming a brown powder which is probably a mixture of 
praseodymous and praseodymic oxides. Lanthana resembles quicklime in that it 
rapidly absorbs water and carbon dioxide when exposed to air; neodymia and 
Samaria arc not appreciably oxidized or carbonated on exposure to air. Ceria is 
unstable in air, forming the dioxide, and, according to A. Burger, even at 200°, it 
burns to the higher oxide. When praseodymia or neodymia is heated in air a mixture 
of the sesquioxide with more or less of the higher oxide (j.u.) is formed; 
white lanthana and samaria are not preceptibly peroxidized. 

The sesquioxides prepared by the above-described processes are generaUy 
described as amorphous. According to A. E. Nordenskjold, prismatic rhombic 
crystals of lanthana are obtained by heating the oxide with fused borax. The 
crystals are said to have a sp. gr. 5'296 at 16°; for the sp. gr. of amorphous lanthana, 

P. T. Cleve gave 6'63 at 17°; R. Hermann, 5'94 ; L. F. Nilson and 0. Pettersson, 
6'480; B. Brauner, 6-41 at 15°; and W. Prandtl, 6'51 at 15°/4°. For the old 
didymia, R. Hermann gave 6 64; A. E. Nordenskjold, 6'825 (14°); P. T. Cleve, 
TT80 at 13'5°; and L. F. Nilson and 0. Pettersson, 6 950. For praseodymia, 
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C. von Soheele gave 6'88 at 16°; B. Brauner, 7 068; and W. Prandti, 6'87 at 
15°/4°. For aamaria, P. T. Cleve gave 8-347 at 13°-15°; and W. Prandti, 7-43 at 
15°/4°. For neodymia, W. Prandti gave 7-24 at 15°/4°. A. H. White and 
M. E. Muller demonstrated a loss of ceria by volatilisation when thoria mantles with 
one per cent, of ceric oxide are heated. According to L. F. Nilson and 0. Pettcniaon, 
the sp. ht. of lantfaana is 0 0749, and of didymia, 0 0810 between 0° and 100°. 
E. Tiede and E. BirnbrUucr say that lanthana melts and volatilises at about 2000". 
W. R. Mott gave 4200° for the b.p. of lanthanum oxide at 760 mm. W. Muthmann 
and L. Weiss’ observations on the heats of formation have been described in con¬ 
nection with the metals. H. L. Howes found the cathode ray luminescence spectrum 
of samarium oxide has eight short series of constant frequency intervals, end the 
spectrum is unchanged by heat treatment between 600° and 3000°. E. E. Nichols 
and H. L. Howes studied the luminescent sj)ectra of incandescent oxides of cerium, 
praseodymium, neodymium, and samarium. W. W. Coblentx found the ultra-red 
emission spectrum has maxima at 3ju, 4'4p, and 4'83p. The magnetic susce))tibilities 
of the oxides have been determined by G. Urbaiu and G. Jantsch, R. J. Meyer and 
J. Wuorinen, and S. Meyer. These values are: lanthana, - 018x lO"*; neodymia, 
-fOS-UxlO"®; Samaria, -f-G-OxlO"® electromagnetic units; hence lanthana is 
diamagnetic and the other two oxides [laramagnctie ; praseodyniia is also paramag¬ 
netic, but less so than neodymia. E. H. Williams measured the magnetic suscepti¬ 
bilities of the oxides of lanthanum, neodymium, and samarium between 20° and 
—140°, and found the value for samaria to be about 10 per cent, larger at —140° 
than at 20°. E. Wedekind and P. Hausknccht found the at. magnetism of lanthanum 
oxide to be — 18-3x 10^ ; praseodymium oxi<le, -|-4740x 10“*; neodymium oxide, 
-i-5100x 10“® ; and samarium oxide, f 8.300x 10"“. They found that if the values 
for the at. magnetism of the metals of the rare earths be plotted against at. wt. 
a graph is obtained which shows a Hat maximum at yttrium, and a second maxi¬ 
mum in the cerite group, either at neodymium or samarium, according to the 
value adopted; the curve then descends to europium, and subsequently rises 
somewhat steeply but regularly through gadolinum and terbium to a high maximum 
at dysprosium, after which it falls steeply and evenly through holmium, erbium, 
ytterbium, to lutecium. 

All the sesquioxidcs arc soluble in acids, but, as in the case of alumina ({f.c.), 
and many other oxides, the reactivity of the rare earth oxides depends upon the 
temp, of calcination; the higher the temp, of calcination the more slowly are the 
oxides attacked by acids. According to A. Damour, however, lanthana, even after 
intense ignition, is readily soluble. Like quicklime, lanthana hisses when sprinkled 
with water, and forms the hydroxide, but, according to A. E, Nordenskjold, the 
crystals of lanthana are not afiected by water. The rare earths are fairly strong 
basic oxides; C. A. Matignon said that they are stronger bases than magnesia, but 
weaker than the alkaline earths. The rare earths readily form normal salts even 
with weak acids like carbonic acid, chromic acid, and numerous organic acids. The 
basicity has been determined qualitatively. The relative order of precipitation 
from their salt soln. by ammonia and the alkali hydroxides has already been dis¬ 
cussed. There are some reversals in the order of basicity when determined by 
different methods, thus, by ammonia precipitation, gadolina is a stronger base than 
samaria, but by some other methods the reverse obtains. When tested by the 
thermal value of the reactions: R 203 -i- 6 HCl= 2 RCl 3 -l- 3 H 20 -fQj Cals., end by 
R203-l-3H2S03=K2(804)3-f 3 H 2 O-I-Q 2 Cals,, 0. A. Matignon found the order to be ; 
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This order also agrees with 8. H. Katz and C. James' observations on the 
degrees of hydrolysis of aq. soln. of the sulphates, expressed in arbitrtry units. 



628 


INORGANIC AND THEORETICAL CHEMISTRY 

L. KaUenberg and W. J. Trautmann found cerous oxide, CcjO^, is not reduced by 
ailicon at the temp, of the electric arc furnace. 

According to C. Baskcrville and G. F. Catlett, when lanthana is fused with alkali 
carbonates, and washed with alcohol; or when lanthana is digested for a long time 
with soln. of the alkali hydroxides at 100°, lanthanateg— e.ff. sodium lanthanate, 
NajLa 407 ; and metslanthanates— e.j.dtAydrated lithium enneahydropentdanthancUe, 
LiHgLa50i6.2H20; letrahydrated sodium enneahydropenUdanthamte, NaHgLa^OK. 
IHjO; penUideeahydraUd potassium enneahydropentalanthanate, KH9La50i5.16H20; 
barium enneahydropentalatUhaiuUe, Ba(H 9 La 60 ij) 2 , but not the calcium compound 
—are formed; but the report has not been confirmed, and in view of the very 
marked basic properties which are indeed comparable with those of calcium oxide, 
it will be extraordinary if lanthana has the acidic strength to form such compounds. 
According to F. Zambonini and G. Carobbi, the products reported by C. Ba^ervillo 
and G. F. Catlett are only mixtures of lanthanum oxide or hydroxide with varying 
proportions of the hydroxides or carbonates. The alkalies and alkaline earths 
which were present probably represented adsorption efiects by the hydroxide. 
Double carbonates may also be present. H. von Euler and R. Nilsson studied the 
adsorptive power of lanthanum and aluminium hydroxides. 

When an excess of an ammonium or alkali hydroxide, or ammonium sulphide, is 
added to a hot dil. soln. of a salt—chloride, nitrate, sulphate, etc.—of the rare 
earths, the corresponding rare earth hydroxide is precipitated as a gelatinous colloid, 
insoluble in an excess of the precipitant. If insufficient precipitant be added for 
complete precipitation, or if cold soln. be used, some basic salt may also be deposited. 
A. Damiens found the sesquioxidcs are formed when water acts on the carbides. 
The colours of cerous hydroxide, Ce(OH) 3 , and of lanthanum hydroxide, La( 0 H) 3 , 
arc white; the colour of praseodymium hydroxide, Pr(OH) 3 , is green; that of 
neodymium hydroxide, Nd(OH) 3 , is blue; and that of samarium hydroxide, 
8 a(OH) 3 , is a very pale yellow. The precipitation is prevented or hindered if citric, 
tartaric, or other organic hydroxy-acids be present— vide analytical reactions; 
according t o A. MUller, glycerol inhibits the precipitation of cerous and neodymium 
hydroxides', and according to L. dc Boisbaudran, J. Sterba, M. Delafontaine, W. Biltz, 
N. A. Orloft, etc., the hydroxides are but slowly and incompletely precipitated by 
ammonia in the presence of ammonium acetate. This property has been utilized 
in separating iron from the rare earths. Cerous hydroxide oxidizes in air whereby 
the colour changes to violet, forming cerosoceric hydroxides, and finally yellow 
owing to the formation of ceric hydroxide. Lanthanum hydroxide is soluble enough 
in water to colour red litmus blue. L. M. Dennis and W. H. Magee, and A. Damiens 
found that cerous hydroxide can be dried out of contact with air and still retain its 
white colour, but when the dehydration is pushed further some cerous oxide is 
converted to ceric oxide by the decomposition of the water. According to 
J. F. Spencer, the oxidation of cerous to ceric oxide takes place more rapidly in the 
presence of alkali hydroxides, but in the presence of alkali carbonate a still higher 
oxide is produced. The oxidation to the peroxide in the presence of air occurs 
only with cerous hydroxide and not ceric hydroxide. The ready oxidation of cerous 
hydroxide renders it a strong reducing agent, for, as W. Biltz and F. Zimmermann, 
and G. A. Barbicri showed, it reduces cupric to cuprous salts; mercuric to 
mercurous salts, etc. This reducing action of cerous salts distinguishes them from 
the salts of all the other rare earths, and shows that in this respect they are more 
nearly allied to the manganous saito. G. A. Barbieri added that it is not quite 
accurate to state that ceric compounds are unstable, whilst cerous compounds are 
‘ stable. What is really unstable is the ceric ion Ce"", which is readily transformed 
into the cerous ioi; Ce"'. In an alkaline medium, in which ceric ions cannot 
exist, ceric compounds are stable, whilst cerous compounds act as reducing agents. 
Further, in an acid medium, when the conditions are such as to dimmish the cone, 
of the ceric ions, the oxidation of cerous salts can be efiected by nitric acid alone. 
.When neodymium hydroxide is heated to 300°, P. Joye and C. Gamier found that 



THB JtkBX EARTHS 


«39 


the oompofitioa corrtspoiuli with the sesqnihydrate, 3Ndj0j.3H,0; at 585°, the 
monohydrate, NdjOs.HjO; and at a bright red heat, NdjOj. The two hydrated 
neodymium sesquioiides have different reflection spectra. All the hydroxides are 
strong bases which react readily with acids to form salts. Indeed, lanthanum 
hydroxide is the strongest base of all the rare earth hydroxides, and approaches in 
strength that of calcium hydroxide; while, according to K. A. Vesterberg, its 
strength is comparable with that of ammonium hydroxide. All the rare earth 
hydroxides absorb carbon dioxide from air. I^rnthanum hydroxide liberates 
ammonia from ammonium salts. K. C. Sen and N. R. Dhar studied the ))eptia- 
tion of cerium hydroxide by sugars, starch, dextrine, gi'cerol, etc.; and H. von 
Euler and R. Nilion, the action of acids and bases. 

A well-defined basic oxide, namely, ceric oxide, or cerium dioxide, CeOj, is 
represented by a corresponding series of salts; but salts derived from praseodymio 
oxide or praseodymium dioxide, PrO*, have not been reported. There is some 
evidence of the formation of an unstable neodymium dioxide, NdO.^; but none at 
all with respect to the corresponding samarium oxide. According to II. Zschiesche,* 
lanthana does not absorb oxygen when heated in sir, but, according to R. Merc, 
if an activating substance like cerium dioxide be present, oxygen is absorbed, 
and a higher oxide is produced. In conformity with the terms applied to the 
other rare earths, cerm should refer to the sesqiiioxide, but the term is some¬ 
times applied to the dioxide possibly because zirconium and thoriuin dioxides are 
called respectively by zirconia and thoria, and cerium comes between zirconium and 
thorium in the periodic table. Ceric oxide is obtained as an amorphous po^er 
when cerous or ceric hydroxide, nitrate, sulphate, or salt of a volatile oxy-acid is 
heated ; the oxalate is most commonly used for this purpose. ,1. Sterba removed 
the last traces of nitrate by fusing ceric oxide with potassium hydroxide. It is 
also made by burning the metal in air. ... 

According to H. E. Ives and co-workers, when whit»or brownish-white cenc 
oxide is heated in a quartz tube by a Bunsen burner, the colour becomes yellow 
or brown when the temp, has risen a few hundred degrees, and this also obtains with 
mixtures of thoria with a low percentage of ceric oxide. The colour change is 
exhibited by the commercial mantle with one per cent, of ceria, when the flame is 
burning low. If a fragment of a commercial mantle bo heated in the inner part of 
the flame of Milker’s burner—with less than 01 per cent, of oxygen—and allowed 
to cool in the products of combustion, the colour is dark grey; and if heated m 
hydrogen, the colour is black. The original colour is restored by heating the 
material in an oxidizing flame. The or.linary form of the oxide is ceric oxide, 
CeOo ; the yellow colour acquired in the oxidizing low temp, flame is due to cerruM 
trioxide, CeOj; and the grey-blue or black form is the oxide CcjO;. For the 
volatilization of ceric oxide, vide ceria. ..... ... u j 

Crystals belonging to the cubic system and exhibiting faces of the cube and 
octahedron, have been obtained by A, E. NordenskjSld by fusing the oxide with 
borax in a porcelain oyen, and extracting the cold mass with hydroclilonc acid ; 

J Sterba, L. Grandeau, and P. Didier also prepared the crystals by melting the 
amorphous oxide with borax, sodium chloride, or potassium hydrosulphate or by 
fusing the anhydrous chloride with borax; and in aU cases extracting the cold mass 
with acid as before. K. A. Hofmann and K. HSschele also obtained cmtals of 
ceric oxide by adding anhydrous cerous sulphate to molten magnesium oxide; awr 
S^Ung. the mass was extracted with hydrochloric acid. If smaU quantitieo - 
of neiUymium, praseodymium, or erbium sulphate be also added, the cpritols have > 
a fine ciour. V. M. Goldschmidt and L. Thomassen found the crystals of cenum 
dioxide, thorium dioxide, and uranoua oxide are isomorphoiw. The X-radi^ms 
agree with a fan-centred cubic lattice of the calcijm fluonde type wrth the 
6’41A. Themol.vol. wasexaminedbyF. a. Henglein. J. B6hm and H. Niclas^ 

found the hydroxides of cerium, laHianum, and neodymium as first precipitated 
ate aznoTpbous, ami slowly crystalliEe, 



630 


mOBGANIC AND THEOBETIVAL UHEMISTRY 

R. J. Meyer and R A. Winter, and B. Braimer made praseodymium diotii 
PrO-i, by heating the nitrate to i00°-450° When praseodymium i/droS’ 
nitrate, carbonate, or oxalate is heated in air, the resulting blach powder was 
considered by C. A. von Welsbaeb, and H. C. Jones to have tbe composition Pr^O, 
which was doubted by 6, P. Baxter and P. C. Gri&n; P. Sehottlander, anil' 
B. J. Meyer gave Prfin ; and B. Brauner, PtiOg. C. von Scheele, however, found 
the composition to be dependent on the mode of preparation, for tbe product 
obtained by calcining the oxalate at as low a temp, as possible contains the most 
oxygen, while that similarly prepared from the nitrate contains least; and the 
product contains less oxygen the higher the temp, of calcination. If the 
product be strongly heated, it loses oxygen, but re-absorbs the gas on cooh'ng. 

P. H. M. P. Brinton and H. A. Pagcl found that Pri ,04 represented the product of the 
calcination of the oxalate in air at ordinary press, over a wide range of temp. 

B. Brauner assumed that the oxide PrjOo is a compound of the two oxides; 
Pr 203 + 3 Pr 0 . 2 =Pr 50 o, but it is doubtful if the products with the composition just 
indicated are chemical individuals ; rather do they represent intermediate stages in 
the conversion of praseodymium sesquioxide to the dioxide. According to 
P. M. Jager, and R. Marc, if small quantities of cerium be present the product 
approaches nearer tbe limit Pr 02 because the ceria seems to act as oxygen-carrier ; 
on the contrary, if small quantities of lanthana or neodymia be present, E. J. Meyer 
and M. Koss found that the formation of the dioxide is adversely affected. C. A. von 
Welsbach, H. C. Jones, and R. J. Meyer and M. Koss deny that an oxide of neodymium 
higher than the sesquioxide can be prepared by calcination, but R. Marc, and 

B. Braimer say that if traces of ceria or praseodymia are present, the product 
approximates in composition to neodymium dioxide, Nd02. A. Wagner claimed 
to have made an oxide of the composition Nd 407 by heating the oxalate in oxygen, 
and he described the reflection spectrum of this product; but P. Joye and C. Gamier 
have shown that the spectrum is characteristic of the hydrated oxide Nd 203 .H 20 . 

R. Hermann, H. Zschicsehe, and R. Marc obtained indications of the existence of a 
higher oxide -possible lanthanum dioxide. P. T. Cleve said that samarium dioxide 
has not been made and that this earth forms no oxide higher than Sm 203 when 
heated in oxygen. 

There have been some arguments as to the colour of cerium dioxide. From the 
position of cerium between zirconium and tiiorium in the periodic table, it might be 
anticipated that cerium dioxide, like thorium and zirconium dioxides, would be 
white. This is the opinion of G, Wyrouboff and A. Verneuil, J. Sterba, C. Wolf, 

H. Moissan, and J. F. Spencer. B. Brauner attributed the white colour to the 
presence of silica, but J. F. Spencer prepared the white dioxide free from silica. 
The presence of other elements of the cerium group—praseodymium and neodymium 
—impart a salmon-colour, reddish-brown, or brown tint to the oxide, which becomes 
deeper the larger the amount of these substances present, and the higher the temp, 
of calcination. J. F. Spencer found that if the white oxide be calcined at a red 
heat, it becomes pale yellow. The tint depends on the mode of preparation, and 
6 . Wyrouboff and A. Verneuil add that there are several shades of white. The 
oxide derived from the sulphate is lighte.st in colour, that derived from the hydroxide 
is darkest, but the tint of neither is definite enough to be described other than as a 
partiottlar shade of white. J. Sterba also concluded that ceric oxide can be white or 
a pale citron-yellow, and that the yellow colour which cannot be attributed to iron, 

' platinum, or other rare earth elements, but it may be due to the presence of a higher 
oxide than the dioxide. Praseodymium dioxide is black or brownish-black; and the 
neodymium compound is blue. According to V. M. Goldschmidt and B. Thomassen, 
the A-radiogram of ceric oxide indicates a cubic lattice with sides 6'41 x ICT® cms. 

C. J. B. Karsten gavc5'6069 for the sp. gr. of cerium dioxide; R. Hermann, 6 00; 

A. E. Nordenskjold, 6'936 at 16‘6°, and 7'09 at Uh", for the crystals; L. F. Nilson 
and 0. Pettersson, 6'789 ; and J. Sterba noted that the higher the temp, of formation 
of the crystals the greater the sp. gr.—thus, by using fused sodium chloride, borax, 
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and potassium sulphate, the ip. gr. were respectively 7'314, 7'415, and 7'995. 
W. Prandtl gave 6-71 at 1574° for the sp. gr. of the black oxide Pr 40 j. The sp. gr. 
of praseodymium dioxide is 5'978 at 20°. J. P. Spencer observed that the colour of 
the white oxide appears yellow when it is heated, but if the temp, has not been 
too high, the original colour is restored on cooling; praseodymium dioxide passes 
into the sesquioxide when strongly heated. Accorfing to E. Tiede and E- Birn- 
brauer, ceric oxide does not melt at 1875°, but in vacuo, it vola'ilizes rapidly at that 
temp. The oxide readily fuses in the electric arc furnace, and attacks the con¬ 
taining vessel. 0. Buff and co-workers found that cerium dioxide melted at 1930°. 
W. B. Mott gave for the order of volatility of the oxides: AUOj. TijOj. Er.jO], 
t'cOj, NdjOj, LsjOj, ZrOj, and ThOj. W. W. t'oblcntz found the ultra-red emission 
spectrum of cerium dioxide has a strong emiasion between 2/i and 3/t, with possible 
maxima at 4'4/i and I'bfi Beyond 7ja, H. Hubens found the emissivily approaches 
that of a complete radiator. According to C. Renz, purified cerium dioxide, which 
has a pale yellow colour, is unaffected by light, but if mixed with a small <|uantity 
of praseodymia or terbia it becomes light-sensitive. Such a mixture, which has a 
slightly reddish-yellow colour, w'hen exposed to sunlight becomes bluish-grey, but 
in the dark its original colour is restored. In the cerito earths, cerium is known 
to have an oxidizing influence on praseodymia, and apparently in sunlight this 
influence becomes emphasized. E. L. Nichols and If. 1.. Howes studied the blue 
glow which occurs when the oxide is heated in the oxy-hydrogen flame. 1/. P. Nilson 
and 0. Pettersson found the sp. ht. of ceric oxide to be 0'0877 between 0" and 100°. 
J. Sterba said that the refractive index of the crystals of ceric oxide is high-- about 
1’9. E. Wedekind and 1’. Hausknecht found the at. magnetism to be -|-74'4 X10' *. 

Ceric oxide is a very stable oxide, but it is weakly basic, forming a series of ceric 
salts. According to (,k Benz, ceric oxide is reduced when exposed to light in the 
presence of certain organic liquids and reducing soln., particularly glycerol. Crystal¬ 
line ceric oxide is not attacked by hydrochloric or nitric acid or by alkali hydroxides. 
According to C. F. Rammclsberg, fused alkali hydroxide has no action on ceric oxide; 
and L. Marino showed that the amorphous oxide after calcination is not soluble in 
hydrochloric or nitric acid, but if a reducing agent, like hydrogen dioxide, hydriodic 
acid, stannous chloride, or hydroquinonc, be present, the oxide dissolves as a cerous 
salt. If ccria earths containing less than 50 per eent. of eeria oxi<le ho treated 
with hydrochloric or nitric acid, the cerium is dissolved under conditions where ceric 
oxide alone is not dissolved. G. Wyrouboff and A. Verneuil assume that ceric 
oxide is a feeble acid, forming with other bases, salts of the type Ra() 3 . 2 CeOsj or 
2 R 203 ..'$Ce 02 ; these salts are assumed to bo decomposed by the acid into eerie 
hydroxide which is soluble as a base in the excess of acid present. K. A. Hofmann 
and K. Hoschele prepared some salts with uranic oxide—IJ02.2Ce02. According to 
R. Buasen, warm cone, sulphuric acid converts ceric oxide into ceric sulphate but 
no dissolution occurs; moderately cone, sulphuric dissolves ceric oxide, producing 
both ceric and cerous sulphates, and liberating a little ozonised oxygen ; dil. sul¬ 
phuric acid has no perceptible action on ceric oxide. Hydriodic acid converts 
ceric oxide into cerous iodide and iodine. Praseodymium dioxide, said B. Brauner, 
is not of the peroxide type, but in it, the praseodymium is quadrivalent. According 
to C. von Scheele, praseodymium dioxide liberates chlorine from hydrochloric acid; 
iodine'from hydriodic acid ; and ozonized oxygen from oxy-acids ; it oxidizes cerous 
to ceric salt; manganous to manganic salts ; stannous to stannic salts ; and ferrous 
to ferric salts—part of the oxygen also escapes without oxidizing the ferrous or 
stannous salt. A soln. of strychnine in sulphuric acid is coloured violet by prawo- 
dymium dioxide. P. G. Melikoff and B. E. Klimenko say that praseodymium 
dioxide gives hydrogen dioxide but no ozone when treated with dil. sulphuric acid; 
with nitric acid it oxidizes manganese sulphate to a permanganate; and with 
hypochlorous acid it gives rise to the evolution of oxygen and the formation oi 
chloric acid. In this reaction, which proceeds very slowly in the cold, but much motr 
energetically at higher temp., no ozone is given oil, and any which is formed must In 
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at once used up in oxidizing the hypochlorons acid. They add that praseodymium 
dioxide is not constituted like hydrogen peroxide. J. Sterba found that carbon does 
not reduce ceric oxide to the metal, but in the electric arc furnace cerium carbide 
is formed. For the reduction of ceric oxide by aluminium, magnesium, etc., vide 
metallic cerium. According to C. G. Mosander, and A. Beringer, hydropn from zinc 
and an acid reduces ceric oxide to the lower state of oxidation. Ceric oxide, said 
W. S. Cha.<ie, readily absorbs gases. 

As indicated by J. J. Berzelius and W. Hisinger,’ and C. G. Mosander, when 
ammonia or an alkali hydroxide is added to a soln. of a ceric salt, a yellow gelatinous 
precipitate of ceric hydroxide—possibly Ce(OH) 4 , or Ce 02 .MH 20 —is formed; it 
is insoluble in excess. Like most gelatinous precipitates, this hydroxide is liable 
to be contaminated with basic salt or the entrained salt, as well as adsorbed alkali 
hydroxide. According to G. Wyronboft and A. Vcrneuil, the best procedure is to 
add ammonia to a cold soln. of ceric ammonium nitrate, and allow the washed 
precipitate partially to dry at a low temp., and wash again with cold water to remove 
the ammonium nitrate. When dried over potassium hydroxide, the composition 
corresponds with 2CeO2..'}H20, or CejOfOHlj. C. F. Eammelsberg, and C. Erk 
assigned to this compound a similar formula. T. Carnelley and J. Walker 
obtained different results. They measured the mols of water lost per mol of ceric 
hydroxide at different temp. They said : 

The curve. Fig. 18, after rising almost perpendicularly from 200° to 600°, begins at 
the latter temp, to curve towards the horizontal, and this continues even up to 815°. The 
composition at 600°, just before this change occurs, is repre¬ 
sented by CoOj.CHjO. This would seem to bo a deOnite 
hydrate, for the composition had previously remained nearly 
constant, the loss of water for 12 hrs. between 385° and 600° 
not having amounted to more than 0*39 per cent,, or for 8 hrs.’ 
heating l»tween 440° and 600°, to 0’23 per cent. Further, 
the rate of loss which commences at 600° is 20 times as great 
as the average rate during the previous,220°, and, moreover, 
at 600° the colour suddenly changes from a light yellow {pre¬ 
sumably the colour of the hydrate Ce 02 . 2 H- 0 ) to salmon colour, 
ttie latter prevailing until complete dehydration. Finally, at 
the temp, at which the composition Ijecamo practically con- 
rr met CeO, g^ant f385'), and therefore presumably that at which the hydrate 

Fio, 18. — Dehydration CeOj.gHjO was formed, there was a change of colour from 
Curve of Ceric Hy- brownish-yellow to bright yellow. It is therefore concluded 
droxide. that ceric oxide forms a definite hydrate, Ce 0 j. 2 H 40 , or normal 

ortho-ceric hydroxide. HjCeOi, or Ce(OH)„ which is very nearly 
stable even up to 600°, at which temp, rapid dehydration begins. 

Ceric hydroxide was made by C. Erk by the action of ammonia on basic ceric 
sulphate. It is also made by the oxidation of cerous hydroxide by exposure to air, 
but in this case the reaction is slow. C. G. Mosander, 0. Popp, R. Hermann, 
C. F. Bammelsberg, and M. Stapfi oxidized it by the action of chlorine or bromine 
on cerous hydroxide suspended in water, or by adding alkali hypochlorite or hypo- 
biomite to a soln. of a cerous salt. Cerous hydroxide may also be oxidized by treat¬ 
ment with hydrogen dioxide, and, in order to destroy the peroxides, heating the 
rodnet to 120°, or boiling the product with water. When freshly prepared, or when 
ried at 120°, ceric hydroxide dissolves in nitric acid, forming a reddish coloured soln. 
of ceric nitrate; it dissolves in hydrochloric acid with the evolution of chlorine and 
the formation of cerous chloride; and with sulphuric acid, a mixture of cerous and 
ceric sulphates is formed and oxygen evolved, but, according to B. Brauner, if 
platinum be present ceric hydroxide prepared from ceric peroxide furnishes cerous 
sulphates alone, while ceric hydroxide, prepared by oxidizing cerous hydroxide with 
chlorine, furnishes ceric sulphate alone. According to G. A. Barbieri, ceric 
hydroxide obtained by either method gives with dil. sulphuric acid, 93-95 per 
cent, of the cerium in the quadrivalent form. J. M. Otdway found ceric hydroxide 
to-be insolable ib alkali hyctoxides, but soluble in soln. of alkali carbonates, forming, 
according to A. Job, a perceiic carbonate. 
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W. BUtz prepared a colloidal soln. or hidlQtol ot oaiio hidlOlide b; dialyiing 
a ten per cent. aq. soln. of eerie ammonium sulphate for four or five days. The 
colloid is positively charged with respect to water. The soln. is readily coagu* 
lated by a few drops of soln. of electrolytes. When the colloidal soln. is 
evaporated, it leaves a gum-like mass which dissolves to a clear soln. in hot 
water. The sol was studied by J. E. M. van der Made, H. N. Holmes, and 
J. Bdhm and H. Niclassen; the adsorption of dyes by cerium dioxide, by 
H. Bheinboldt and E. Wedekind; and the action of radium emanation, by 
A. Fernau and W. Pauli. The colloid was further investigated by H. R. Krujt 
and J. E. M. van der Made. 

J. J. Berzelius and W. Hisinger,^ A. Beringer, J. 0. G. de Marignao, 
L. N. Vauquelin, and C. G. Mosander describe a ceiosooecic oxide as a Icmon yellow 
powder obtained by igniting ceric oxide in a current of hydrogen, or by igniting ecrous 
oxalate or carbonate in a retort. A. Beringer gives the formula OejOa.lGGeOa, and 
J. C. G. de Marignac, 3 Ge.> 03 . 8 Ce 02 . There appears to be something amiss with these 
observations because, when ceric oxide is heated to redness in a current of dry 
hydrogen, free from air, it is partially reduced, and it loses about two per cent, in 
weight. The reduction is more rapid with ceric oxide which has not been strongly 
ignited, than it is with an oxide which has been strongly ignited; but the former 
oxide is liable to retain a little water. The product is a blue or bluish-black solid 
which readily absorbs oxygen from the air, and is sometimes pyrophoric, Tlie dark 
blue oxide is also obtained by heating ceric oxiile in vacuo. It has been described 
by G. WyroubofI and A. Verneuil,'’ .1. Sterba, W. 8 . Chase, and H, J. Meyer. Tho 
two last-named gave the composition of tho cerosoceric oxide, C'c^O;, while 
G. Wyrouboii and A. Verncuil gave Cc 70 i 2 . W. 8 . Chase found this oxide readily 
adsorbed gases. 

When white ccrous hydroxide is expo.sed to air or to oxygen, it acquires a violet 
or purple tint and ultimately becomes yellow ceric hydroxide. G. Wyroubofi and 
A. Verncuil obtained the viokl fond product by adding alkali hydroxide to a mixed 
soln. of ccrous and ceric salts. The maximum intensity of tint is obtained when the 
ratio CeOj: Cc 203=2 :1. When the material is dried in vacuo, the colour is nearly 
black. The same ))roduct is obtained by precipitating a soln, of cerosoceric sulphate 
with alkali hydroxide. They also described a cerosoceric oxide, 6 CcO 2 .Ce. 2 Oj, which 
is not stable, but if the cerous oxide be, replaced by one of the other ceria or yttria 
earths, the product is stable; and a complex fiCeO^ RjOj is formed. From a 
study of the basic ceric salts, G. Wyrouboff and A. Verncuil concluded that they are 
derived from different polymerized forms of ceric hydroxide; these include what 
they call the fara-oxHes, (CeOjljo-wHjO ; the meta-orides, (CcOjljj.nHaO ; etc. 
There is very little to support the mol. formulas so ascribed to these compounds. 

The colloidal soln. of ceric hydroxide, made by the dialysis of a soln. of ceric 
ammonium sulphate, change in a marked manner with time, the agoing being accom¬ 
panied by a diminution in viscosity, a gradual loss of the faculty of gelatiniMtion, 
and by a diminution in the sensitiveness towards electrolytes. The change is im- 
versible, and is accelerated by rise of temperature. It is supposed that the ageing 
is due to the gradual dehydration of the sol particles. The ageing of ceric hydroxide 
sols is very largely modified under the influence of J3- or y-rays from radium, 
first effect consists in an accelerated rate of dimination of the viscosity, but this 
effect is succeeded by a second, in which the, viscosity of the sol increases to a value 
vary large in comparison with that of the freshly dialyzed sol. The progress of the 
second stage is not dependent on the continued exposure of the sol to the action of 
the active rays, for if the exposure be made intermittent, it is found that the coutm 
of the viscosity—time curve is quite unchanged. A further curious effect isobserved 
when the source of the radiation is removed before the end of the first stage m the 
ageing process. Under these circumstances, the second stage in the ageing process 
sets in, and the viscosity of the sol increases very considerably, attains a maximum 
value, and subsequently decreases almost as rapidly as it increased before the 
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attainment of the maximum. The jelly obtained when the radiation is allowed to 
act sufficiently long appears to be perfectly stable. Similar changes in the viscosity 
arc produced by the addition of electrolytes, although the effects are not readily dis¬ 
tinguishable. The ageing of sols is supposed to be due to the gradual formation 
of larger colloidal particles by a process of aggregation, but it is probable that the 
effects described by the authors are connected with changes in the degree of hydra¬ 
tion. It is probable that ceric hydroxide and other metallic hydroxide sola are highly 
hydrated, and in this way differ from hydrophobic colloids, such as the metallic and 
the sulphide sola. Under the influence of electrolytes or j3- or y-rays, the electrical 
charge of the colloidal particles is neutralized, and this is accompanied by a diminu¬ 
tion in the degree of hydration, and results in a lowering of the viscosity, gradual 
when the sol is subjected to (3- or y-rays and immediate when an electrolyte is added. 
The increase in viscosity in the second state of the ageing process is then due to the 
aggregation of the electrically neutral particles, a process which takes place with a 
velocity comparable with that of crystallization and similar processes. The attain¬ 
ment of a maximum viscosity and the subsequent fall which is observed when the 
added electrolyte is very small in quantity or the time of exposure to the rays is 
comparatively brief is explained by assuming that this peptization is due to the 
action of electrically charged colloid particles which are enclosed by the jelly resulting 
from the aggregation of the electrically neutral particles. In support of this view, 
it has been found that ceric hydroxide jelly may be readily peptized by the 
addition of the corresponding sol. 

According to R. Hermann,® and L. dc Boisbaudran, when a soln. of a cerous 
salt is treated with a mixture of ammonia and hydrogen dioxide, or when a soln. 
of, say, cerous sulphate is mixed with a slight excess of ammonia, and hydrogen 
peroxide added, a reddish gelatinous precipitate is obtained. The orange-red pre¬ 
cipitate formed when a soln. of cerium acetate is treated with hydrogen dioxide does 
not contain such a high proportion of oxygen, Cerium compounds are sometimes 
recognized by mixing the soln. with an alkaline acetate, adding hydrogen dioxide, 
and heating gently, when an orange-red precipitate is formed. In the case of cerous 
salts, the precipitate not unfrcqucntly remains white, or at most becomes pale 
yellow. This precipitate shmdd he moistened with ammonia, and again treated with 
hydrogen peroxide, when the orange-red colour will be produced. The white 
precipitate formed by hydrogen peroxide in soln, of cerous acetate does not appear 
to be more highly oxidized than the sesquioxide. L. do Boisbaudran, and P. T. Cleve 
assume the orange-red precipitate is a hydrated cerium trioxide, CeOs.nll^O. 
According to L. Pissarjewsky, the mechanism of the formation of the peroxidized 
cerium compound is Ce( 0 H) 4 -f HO. 0 H--Ce( 0 H) 3 . 0 .OH-l-H 20 . The sesquioxides 
of didymium and samarium were found by P. T. Cleve to yield peroxides of the 
general formula, R 40 B.nH 20 , or, according to L, Pissarjewsky, hydrated lanthanum 
pentoxide, K 20 |s.nH 20 , or HLa 03 -fnH 20 aeP. G. Melikoff and L, Pissarjewsky 
ascribed the formula La(()H) 2 .( 0 . 0 H) to lanthanum peroxide. According to 
B. Brauner, if praseodymium hydroxide be precipitated in the presence of hydrogen 
peroxide, a hydrated praseodymium pentmdde, Pr 205 .«H 20 , is produced; 
P. G, Melikoff and B. E. Klimenko assume that the first product of the action is 
Pr(O.OH) 3 , which then decomposes to give the product the formula Pr(OH) 2 (O.OH). 
B. Brauner also assumes ' the existence of a corresponding hydrated 
neodymium pentoxide, Nd 205 .nH 20 . Ho also mentions the existence of 
(CH 3 .C 0 ) 2 R. 0 . 0 . 0 R( 0 H)(C 0 .CH,).H 20 , where R represents Pr or Nd., P. T. Oeve’s 
peroxide 8 a 40 (,.nH 20 is probably analogous to the products just described, and in 
conformity therewith, the compound is called hydrated samarium pentoxide, 
Sa 205 .nH 20 . P, Mengel found that if sodium dioxide be employed instead of 
hydrogen dioxide, at ordinary temp., oxyhydroxides are obtained containing more 
oxygen than the sesquioxide, but less than the P. T. Cleve’s peroxide, and the amount 
of oxygen varies with the conditions of the experiment, especially with the temp. 
When a soln. of a pure cerium salt is precipitated with sodium dioxide and boiled, 
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whereby a bright yellow precipitate of cerium dioxyhydroxide ia obtained, and this 
is dried at 130°, the percentage of CeOj in the precipitate estimated with ferrous 
ammonium sulphate and permanganate, shows that the oxidation of the cerium 
is incomplete. If, however, the precipitate be heated over the blowpipe, the 
theoretical quantity of dioxide is obtained. When a mixture of lanthanum and 
didymium salts, free from cerium, is treated with sodium dioxide in the cold, 
it yields a precipitate which gives off oxygen when the mixture is warmed ; 
the precipitate, when dried at 120°, is bluish-white, and contains much carbonic 
anhydride absorbed from the air, which is eliminated only at a high temp.; when 
heated at 400°, it becomes dark brown, and on further heating over the blowpipe 
assumes the characteristic grey colour of the anhydrous sesquioxide. The brown 
coloration is due to the formation of a higher oxide of praseodymium, and since this 
higher oxide cannot be obtained by the action of chlorine in alkaline soln., the 
praseodymium peroxide, like barium peroxide, must belong to the type HoOj. The 
oxalates of lanthanum and didymium do not yield the brown oxide when heated; 
if, however, the grey oxide which is obtained be moistened with nitric acid and 
cautiomsly heated, the brown oxide is obtained. 

According to A. ,Tob, cerous salts arc more soluble than ceric salts in soln. of 
alkali carbonates, and the solubility is still further increased if they arc ])eroxidir.cd. 
If, however, an excess of hydrogen ])eroxidc be added, the solubility is reduced and a 
precipitate forms, the nature of which has not yet been ascertained.^ In order to 
obtain a cone. soln. of cerium peroxide, hydrogen peroxide and ceric ammonium 
nitrate, in molecular proportion, are added successively to a cone. aq. spin, of potas¬ 
sium carbonate, and the soln. is agitated; a limpid, deep-coloured li<|uid is thus 
obtained, and as much as 40 grms. of cerium dioxide may be added per litre if 2M 
grms. of alkali carbonate be also present. Potassium hydrogen carbonate may be 
used in place of the normal carbonate, but then the solubility of the, cerium salt be 
less. If to the soln. prepared in the manner just described, hydrogen peroxub; is 
added in slight excess but not in sufficient q\iantity to produce a precipitate, and 
the soln. be allowed to remain at the ordinary temp., it at first loses some oxygen, 
but is afterwards quite stable, the quantity of available oxygen in it corresponding 
exactly with that required by the formula t'eOj. tVric salts do not absorb oxygen 
from the air, but if a soln, of a cerous salt containing also an alkali carbonate be 
exposed to the air, it is first oxidized to a ceric salt and then continues to absorb 
oxygen uj) to a limit that depends on the strength of the soln. E. Baur confirmed 
the results by A. Job. Cerous sulphate soln. containing potassium carbonate, when 
shaken with air, are converted into cerium peroxide, and at the same time some 
ceric salt ia formed. A slight alkalinity of the soln. increases the yield of peroxide. 
When arsenious oxide ia used as “ acceptor,” the cerium is converted to a greater 
extent into peroxide. The salt, CcjOlOOjlj.Os.tKjCOj.lOH^O, described by 
A. Job, gives oxygen as well as carbon dioxide when treated with dil. sulphuric acid. 
More oxygen is liberated than indicated by the equation 2 Ce 0 ,-f 3 HjS 04 
=Ce,(S 04 ) 3 -f 02 -fH 20 .i+ 2 H 20 , and this is due to a spontaneous decomposition 
of the hydrogen peroxide present. According to L. Pissarjewsky, the peroxidized 
cerium compound is not stable ; it loses oxygen fairly quickly at ordinary temp.; 
it is rapidly converted into ceric hydroxide when heated with boiling water, or when 
dried at 100°; and, with dil. acids, it forms a cerous salt, hydrogen dioxide, and 
ozonized oxygen: 2(Cc(0H),.0.0Hl-f3H280«=Ce2(S04)i-mA+0j-i-6H20. 
Carbonic acid also liberates hydrogen dioxide from the peroxidized compound. 
The peroxides like the sesquioxides have basic properties, and do not combine 
with the bases to form salts. L. Pissarjewsky gives for the heat of formation 
CeOua =Ce 02 „+0-f-33-576 Cals. The higher oxide of praseodyiraum, say 
P. G. Melikoff and B. E. Klimenko, does not convert manganese salts into 
permanganates in the presence of nitric acid. 
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§ 14. The Halides of the Cerinm Metals 

U. Moissan 1 prepared the anhydrous fluorides of the rare earths by the action 
of fluorine on the carbides; and W. K. van Haagen and E. F. Smith converted 
yttrium, lanthanum, and cerium oxides into fluorides by heating them in a stream of 
hydrogen fluoride. 

According to A. Hirsch, the hydrated fluorides can be made by the action of 
cone, hydrofluoric acid on a hot soln. of the chlorides, acidified with hydrochloric 
acid. The precipitated fluoride is washed with hot water, then with 96 per cent, 
alcohol, and the alcohol removed by the centrifuge. If the product be covered with 
absolute alcohol, evaporated to dryness, and the residue heated first at 100’, and 
then at 200°, the anhydrous fluoride is formed. 

The fluorides of the rare earths crystallixe in the cubic system, and they are 
isomorphous with calcium fluoride. The fluorides of the rare earths are piactically 
insoluble in water and in dil. mineral acids; they are perceptibly soluble in hot 
cone, hydrochloric acid, and this the more with the fluorides of the cerium group 
than with those of the ^trium group. The fluorides of scandium and thorium are 
much less soluble. 

Hydrated cerium tetrafluoride, CeKg.^O, occurs with the quartz and dPbite 
at BiMbd, Sweden, as the jaausaXfiwtiriU. B. Brauner prepack IVdnM e«ie 
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Saoiide, CeF^.HiO, a« a brown powder by the action of hydrofluoric acid on ceric 
hydroxide, and drying the product at 100 °. When heated this salt gives oS water, 
hydrogen fluoride, and possibly fluorine. B. Brauner cJaims to have made the 
salt 3KF.2CeFf.2H.2O, in cubic or octahedral cryatals inaoluble in water, by the 
action of potassium hydrogen fluoride on ceric hydroxide, but E. Eimbach and 
H. F. C. Kilian question the accuracy of B. Brauner’s statement; they did not 
succeed in preparing B. Brauner’s salt nor the analogous salts of lithium, sodium, 
rubidium, csesium, or ammonium, hut they did prepare a series of double salts of 
the type MF2.2CeF4.7H2O, where M denotes Zn, Cd, Cu, Co, or Ni, by the action of 
a soln. of the metal oxide in an excess of hydrofluoric acid on a soln. of ceric hydroxide 
in hydrofluoric acid. Heptabydiated zinc decafluodicerate, ZuF2.2CeF4.7H2O, 
and bept^drated cadmium decafluodicerate are white, heptabydiated copper 
decafluodicerate is pale blue. These salts are decomposed more or less readily by 
water. T. Vogt found that fused mixtures of calcium and cerium fluorides give cubic 
mixed crystals with up to 56'8 per cent, of cerium fluoride; these crystals are called 
cerojluoriie, and mixed with yttrofluorite they find a representative in the mineral 
yttrocerile. According to B. Brauner, ceric fluoride is converted into cerous fluoride, 
CeFs, by heating it to dull redness. S. John made bemihydiated cerous fluoride, 
2CeFs.H20, by double decomposition. N. A. Puschin and A. V. Baskoff did not 
succeed in preparing a double compound with cerous and potassium fluorides; 
the two chlorides have a eutectic at 660° corresponding with 24 mol per cent, of 
cerous fluoride. P. R. Bassett studied the electrochemistry of the high intensity 
ate with the positive electrode having a core of cerous fluoride. 

P. T. Cleve, and F. Freriehs and F. Smith have described hcmibydiatcd 
lanthanum fluoride, 2LaF3.H20, prepared as a white gelatinous precipitate by 
adding hydrofluoric acid to a soln. of the acetate; and lanthanum hydiofluoiide, 
2LaFj.3HP, prepared by adding hydrofluoric acid to a soln. of the sulphate. 
H. Meissan made the anhydrous fluoride by the action of fluorine on the carbide. 
W. F. Smith obtained a voluminous precipitate of lanthanum hydrofluoride, 
2LaP3.3HF. W. F. Smith also precipitated a gelatinous didymium hydrogen 
fluoride, 3HF.DiF3; and B. Brauner reported three potassium fluodidymates, 
with the ratios KF ; DiF3 : H2O as 1:2:1; 6:6:2; and 3:4:3. J. Popovici 
precipitated gelatinous praseodymium fluoride, PrFs, from an aq, soln. of praseo¬ 
dymium sulphate by hydrofluoric acid. The gelatinous precipitate when warmed 
forms a mass of yellow glistening crystals which appear green by reflected Ught. 
Neodymium fluoride, NdF3, is formed in a similar manner as a pale, lilac-coloured, 
crystalline powder. P. T. Cleve obtained bemihydiated samarium fluoride, 
SaF3.H20, as a gelatinous precipitate by double decomposition by adding hydro¬ 
fluoric acid to a soln. of a samarium salt. 

The classical process of H. C. Oersted * is of no practical value for chlorinating 
the oxides of the rare earths because the resulting chloride is non-volatile. 

C. A. Matignon and F. Bourion made the anhydrous chlorides of the rare earths 
by heating the oxide, sulphate or oxalate in a stream of sulphur chloride, S2CI2, 
followed by the fusion of the chloride in a stream of dry hydrogen chloride; 

E. Ohauvenet heated the oxide in a stream of carbonyl chloride; P. Didier and 
also C. Baskerville used a mixture of carbon monoxide and chlorine; E. Demarjay, 
and H. Quantin used carbon tetrachloride; and C. A. Matignon, and 0. Pettersson 
used hydrogen chloride, but in the latter case the reaction is not quantitative, 
although it is so if the oxalate be used in place of the oxide. F. Hillebrand and 
A. Norton converted the metals into chlorides by heating them in a stream of 
chlorine or hydrogen chloride; C. 6. Mosander, and W. Muthmann and L. Stiitzel 
heated the sulphides in a stream of chlorine or hydrogen chloride; and H. Moissan 
heated the carbide in a stream of chlorine, 0. Pettersson, in hydrogen chloride. 
The hydrated salts can be dehydrated by heating them to lObMAO" in a stream) 
of dry hydrogen chloride until no more water is evolved. The product is heated to 
180°-200° in a stream of the same gas. When water is no longer evolved, the temp. 
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is raised until the chloride fuses. The solid residue obtained by evaporating an 
aq. soin. of the chloride can also be dehydrated by heating it in a stream of dry 
hydrogen chloride and sulphur chloride, SoClj. W. Heap and E. Ncwbery treated 
the oxide or the salt of a weak acid at 350°-tCI0° with carbonyl chloride. 

Aq. soln. of the rare earth chlorides are readily made by dissolving the oxides, 
hydroxides, or carbonates in cone, hydrochloric acid; and when the soln. arc 
evaporated over sulphuric acid ; or when the hot sat. soln. is cooled ; or when the 
cold aq. soln. is sat. with hydrogen chloride, crystalline hydrated chlorides are 
formed. The hydrated salts cannot bo dehydrated without decomposition by 
simply heating them in air. The hydrated salts arc usually of the type MOlj.CHiiO, 
and when heated between 105° and 130° in a stream of dry hydrogen chloride, they 
are partially dehydrated, forming the monohydrated salts Mt'ls.lLO, which ate 
completely dehydrated between 180°-200° in a stream of hydrogen chloride. 

The chlorides are all hygroscopic and dissolve in water with the evolution of 
heat. The aq. soln. are neutral to methyl orange. Cttsium chloride forms double 
salts with the chlorides of lanthanum, praseodymium and neodymium, and 
samarium, but other double chlorides of the metals of groups I and II have not been 
prepared—excepting the chloroaurates. Double chlorides with antimony, bismuth, 
tin, and platinum have been made. They also form double compounds with 
mercuric cyanide, and with alcohol, pyridine, and many organic bases. 

Crystallized oxychlorides of the rare earths were prepared by C. A. Matignon 
and F. Bouriou by passing a slow current of air or steam along with an inert gas, 
over the molten anhydrous chloride, and A. Job made them by heating the hydrated 
or oxalo-chlorides to redness. K. A. Hofmann and K. Hdschelo preirared them in 
a crystalline form by adding the oxides or sulphates to molten magnesium chloride ; 
and extracting the soluble salts from the cold mass by dil. acetic or bydrochloric 
acid. G. Urbain prepared crystalline oxychlorides for spectroscopic examination 
by dissolving the oxides in hydrochloric, acid, adding ammonium and alkali 
chlorides; the soln. is evaporated to dryness, the residue carefully heated, and, 
when cold, extracted with water. The residual oxychloride is practically insoluble 
in water, but slowly soluble in dil. acids. A prolonged ignition converts them into 
oxides. 

According to G. G. Mosander,* cerium burns vigoro\isly when heated in chlorine 
gas, and F. Hillebrand and A. Norton prepared the chloride by igniting cerium in 
this gas. According to A. Heringer, if chlorine gas be passed over heated ceric oxiije, 
cerium chloride mixed with the oxide is formed, and some oxychloride sublimes. 
Cerium trichloride, or ceroua chloride, CeCla, was prepared by F. Wohler, 
A. Beringer, and by F. Hillebrand and A. Norton by evaporating a soln. of the 
carbonate in hydrochloric acid to dryness and igniting the residue, mixed with 
ammonium chloride, at a red heat. H. Robinson ignited the oxalate in a stream of 
hydrogen chloride ; P. Didier ignited the oxide in a stream of carbon dioxide and 
chlorine; L. Meyer ignited the o.xide in a stream of carbon tetrachloride; and 
C. G. Mosander heated the sulphide in chlorine—free from oxygen ; if all the air 
be not expelled by the chlorine before the sulphide is heated, a mixture of the chloride 
and oxide is formed which fuses with great difficulty. Of the general methods 
described above, F. Bourion’s sulphur chloride process is one of the most convenient. 
The anhydrous chloride forms white deliquescent crystals of sp. p. 3’92 st 0°— 
H. Robinson gives 3'88 at 15’5°—the crystals melt at 848°. According to P. Didier, 
* cerium chloride is decomposed by oxygen or steam, forming cerium sesquioxide, 
CejOs. The salt is very soluble in water, and, according to L. M. Dennis and 
W. L. Magee, the aq. soln.—generally prepared by dissolving cerous oxide or ceric 
hydroxide in cone, hydrochloric acid—when sat. with hydrogen chloride furnishes 
rhombic crystals of heptahydnttod cerous chloride, CcClj.THjO, with the 
".fcxial ratios o : h : c==0-8083 :1 :1-4419; and, according to A. 8. Eakle, 
•*the rhombic bipyramidal crystals, CeClj.TJHjO, have the axial ratios a:h:c 
=0-6096:1:0-7857. A. Fock also reported triclinic pinacoidal crystals of 
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hnahydisted ceriom trichloiidei CeCls.OHiO, with the axial ratios a:b:e 
=1-1580:1:0-8635; and a=9r 2i'; jS=114° 9'; and y= 88 ° ll j'. These crystals 
are said to be isomorphous with hexahydrated lanthanum trichloride. Accord¬ 
ing to T. Lange, cerium dioxide, CeOj, dissolves in hydrochloric acid only in the 
presence of a reducing agent—say hydroferrocyanio acid. L. N. Vauquelin’s 
and A. Beringcr’s products were rose-coloured owing to the presence of impurities; 
the purer crystals obtained by W. Hisinger and J. J. Berzelius are colourless. 
According to J. J. Berzelius, when the heptahydrated chloride is heated, water is 
given off, then hydrogen chloride, as indicated in describing the general properties 
of these salts. The hydrated salt is also deliquescent, and very soluble in water. 
R. J. Meyer found the eq. conductivity of aq. soln. of cerium chloride rises from 
107-6 with a dilution v —32 to 135-2 with «=1024, so that the difference Aio 24 —A 32 
= 27 - 6 , very nearly the value 26 characteristic of strongly basic tervalent cations 
which do not hydrolyze to any marked degree. From the potential of the cell 
H 2 I CeClj I NH 4 NO 3 I Calomel electrode, H. G. Denham computes that about 
0-14 per cent, of the salt is hydrolyzed in a j^N-soln. A. B. Schiotz found that 
the electrolysis of soln. of cerous chloride in the presence of chloride of mercury, 
nickel, platinum, zinc, or aluminium gave deposits containing no cerium; the 
addition of potassium lactate to the soln. of cerous chloride raised the overvoltage 
to 015 volt. With soln. of cerous and ferrous chlorides in the presence of alkali 
lactate, iron with 62 per cent, of cerium was deposited on the cathode. J. H. Hilde¬ 
brand titrated cerium, praseodymium, and neodymium chlorides with sodium 
hydroxide soln., and measured the e.m.f, against the normal hydrogen electrode 
during the operation. J. J. Berzelius found the colourless aq. soln. becomes brown 
on exposure to the air owing to the formation of a ceric salt. The alcoholic soln. 
burns with a green flame. H. Arnold electrolyzed molten cerium trichloride, and 
he observed a secondary reaction at about 900° so long as there is an excess of water 
present in the molten mass. The dark brown powder has the conqmsition 
Ce 0 Cl 2 . 10 H 20 , ceric oxychloride, and it is hydrolyzed by water, forming ceric 
hydroxide and cerous chloride. It is supposed to be formed from the ceric chloride 
produced on the anode: CeCl 4 +H 20 = 2 HCl-f CeOOl.,. W. Biltz and E. Mcinecke 
found cerium trichloride to be insoluble in liquid chlorine. 

M. Barte has shown that cerium chloride readily forms additive compounds with 
ammonia. Gaseous ammonia, when introduced into a tube containing cerium 
chloride at —80°, combines with the development of heat, and there is a con¬ 
siderable increase in the volume of the mass. By a study of the dissociation 
pressures, this author has established the existence of five different compounds 
of cerium chloride with ammonia, and has prepared them in the form of white 
powders decomposable by water. The compounds are: cerium icosiammilio- 
trichloride, CeGl3.20NH3; cerium dodecammiuotrichloride, CeCl3.l2NH3; cerium 
ootemminotricUoride, CeCls.bNHs; cerium tetrammiuotrichloride, CeCls.INHs: 
and cerium dismminotricbloride, CeCl 3 . 2 NH 3 . G. L. Clark found the temp, of 
decomposition at 760 mm. press, to be —32° for the icosiamminochloride; —14°, 
for the dodecachloridc; 18°, for the octamminochloride ; 67°, for the tetrammino- 
chloride; and 98°, fur the diamminochloride. E. H. Ducloux prepared crystals of 
CSBSium tetrachlorocente, CsCl.CeCl 3 , of refractive index 1-58, and recommended 
the reaction as a microchemical test for cerium. The yellow, dichroic, deli¬ 
quescent, monoclinic crystals of tridecahydrated auric hexachlorocerate — 
CeCl3.AuCl3.13H20, according to 8 . John, or CeCls.AuCls.lOH 20 , according to 
M. Holzmann—are deliquescent, and soluble in water and in alcohol. F. Zambonini 
found that up to 2-19 per ceot. of cerous chloride, CCCI 3 . 3 H 2 O, and barium chloride, 
BaCl 2 . 2 H 20 , form a series of mixed crystals. S. John has prepared hexahedral 
crystals of decahydrated mercuric banadecachlinrocerate, CeClj.iHgClj.lOHsO, 
soluble in water -, and J. £. Abien, felted needle-like crystals of octohydrated 
meioario hexacyanotrioblorooerate, CeCl 3 . 3 HgGy 2 . 8 H 2 O, very soluble in water, by 
crystallization from a soln. of mercuric cyanide with an excess of cerium chloride 
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The crystals lose their water of ci^tallitation at 100° or over sulphuric acid. They 
crystallise only from soln. containing an excess of the chloride. 

J. J. Berzelius obtained cnhun oxychloride, CeOCl, as a residue after heating 
the hydrated chloride in a retort; P. Wohler, as a by-prodnet in the preparation 
of cerium from cerium chloride and sodium, when the slag is treated with dil. acid; 
P. Didier, by the action of water vapour diluted with nitrogen on a molten mixture 
of cerouB and sodium chlorides; C. G. Mosander by the action of a mixture of 
ait and chlorine on heated cerium sulphide; and C. Erk, by the electrolysis of 
molten cerium chloride. The silver-white, mica-like crystals become yellow when 
exposed to the sir; they form ceric sulphate with sulphuric acid ; dissolve slowly 
in nitric acid; and are scarcely affected by hydrochloric acid. A, Beringer 
found that the oxychloride forms the oxide when strongly ignited in an open 
vessel. 

Cerium iebachloride, or ceric chloride, GeCl^, has not been isolated. 
J. J. Berzelius obtained a dark red soln. of a ceric salt in cold cone, hydrochloric 
acid which is believed to contain the complex hydiocblorocerio add, HstVOlj. This 
soln. decomposes slowly in the cold with the evolution of chlorine, the decomposition 
is rapid when the soln. is heated, and in cither case cerous chloride remains. 

I. Koppel,* and A. J. Grant and C. James have prepared several double com])ounds 
of ceric chloride with the organic bases—pyridine, quinoline, etc.—by adding the 
base to a soln. of eerie chloride in a methyl alcohol coin, of hydrogen chloride. 
H. Arnold has prepared ceric oxychloride, OeOCl 2 , by the electrolysis of slightly 
hydrated molten cerous chloride. 

Anhydrous lanthanum chloride, IiaCl 3 , was prepared by G. G. Mosander ‘ 
by evaporating a soln. of the oxide in hydrochloric acid to dryness, and heating 
the product in a stream of hydrogen chloride; M. Choubine also prepared it by 
heating the oxide in a stream of the same gas. The same salt has been prepared 
by several of the general methods—by heating the oxide in a mixture of sulphur 
monochloride and chlorine; the sulphide, or carbide in hydrogen chloride; the 
carbide in chlorine ; and by heating the hydrated chloride with ammonium chloride. 
B. S. Hopkins and F. H. Driggs described the preparation of highly purified 
lanthanum chloride. The anhydrous chloride forms colourless crystals which, 
according to F. Bourion, melt at 890°, or, according to C. A. Matignon, at 907°; and 
solidify to long deliquescent needles recalling aragonite, and which, according to 
F. Bourion, have a sp. gr, of 3 79 at 0°, or, according to C. A. Matignon, 3'947 
at 18°. C. A. Matignon also gives the heat of formation (La,3('l)--263 Cah.; 
U 203 + 6 HCl.,= 2 LaCl 3 „,-f 3 H 20 + 114-6 Cals., or La 208 -|- 6 H€l= 2 La(;i 3 + 3 H 20 
-f 160’6 Cals. C. G. Mosander noted that the salt is very soluble in water with the 
evolution of a large amount of heat; for, according to C. A. Matignon, the heat 
of soln. is 31‘3 Cals. W. W. Coblentz studied the ultra-red transmission spectrum. 
A. Voigt and W. Biltz measured the electrical conductivity of the fused chloride. 
According to H. Ley, the aq. soln. is very slightly hydrolyzed; the eq. conductivity 
rises from 106'8 for a dilution t)-“32 to 131'5 for a dilution c=1024, so that Ajo 2 < 
—A32=25'7. The aq. soln. was found by A. Beringer to deposit pale rose-coloured 
crystals, which, according to J. Watts, are white when quite pure. According to 

J. C. G. de Marignac, the triclinic crystals of hexahydnM l iul th a nam ohloritto, 
LSCI 3 . 6 H 2 O, have the axial ratios 0 : 6 : c=l'1693:1:0'8869; and a-=91° 3'; 
^=114° 28'; and y= 88 ° 12 ', and are isomorphous with hexahydrated cerium 
chloride. C. SfiderstrSm obtained crystals of heptahydrated praseodymium chloride, 
PrCl 8 . 7 H 20 , of the same form as J. C. G. de Marignac's hexahydrated lanthanum 
cUoride. 'There is therefore some doubt about the water content of these hydrated 
salts. The formula LaCl 3 . 7 lH 20 has also been assigned to this salt. R., Hermann 
found that when bydntod Untliaonm chloride is heated, it loses both water and 
hydrogen chloride, forming lanthanum oxychloride, 2 I,aCl 3 . 3 Iji 203 , as a white 
residue insoluble in water, and sparingly soluble in hydrochloric and nitric acids, 
and F. Fferiohs obtained the oxychloride, LaCl 3 .I,a 20 j, that is, LaOCl, by heating 

voii. V. 8 'S 
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lanthanum oxide to 200° in a stream of chlorine gas. The greyish-white powder 
yields but a trace of soluble matter when treated with water. The anhydrous and 
hydrated salts arc both soluble in alcohol, and C. A. Matignon's value for the mol. 
wt. of the chloride by the b.p. method in alcoholic soln. corresponds with 
LaClj; according to R. J. Meyer and M. Koss, the alcoholic soln. deposits crystals 
of LaCl 3 , 2 C 2 H 50 H. B. J. Dryfuss and C. G. L. Wolf found that dil. soln. of 
lanthanum chloride have little or no effect on bacteria; and 0 8 per cent. soln. 
coagulates the proteins in serum ; and 01 grm. injected hypodermically in guinea- 
pigs causes convulsions followed by death. Lanthanum chloride unites with a number 
of other metal chlorides, forming double salts. R, J. Meyer prepared hydrated 
ceegium hezachlorolanthanate, LaCl 3 . 3 CsCI. 4 (or ; J. C. G. de Marignac, 
colourless, double refracting crystals of dodecahydrated mercuric henadeca- 
chloiolantha&ate, La 0 l 3 . 4 Hgl'l 2 . 12 H 2 O, easily soluble in water; J. E. Ahlen, 
nccdle-likc crystals of octohydrated mercuric hexacyauotrichlorolanthanate, 
LaClj. 3 HgOy 2 . 8 H 2 O, like the cerium salt. 

The properties of didyniimii chloridi', DiClj, were investigated by J. C. G. de 
Marignac,® P. T. Clove, L. K. Nilson, F. T. Frorichs and E. F. Smith. These became 
of less importance when it was discovered that didyminm is a complex mixture of 
praseodymium and neodymium. J. 0. Perrine found didymium chloride shows 
no ultra-violet fluorescence. The general methods for the preparation of the chlorides 
of the rare earths apply to anhydrous praseodymium chloride, PrClj, namely, the 
action of chlorine on the heated carbide ; of hydrogen chloride on the heated sul¬ 
phide ; of a mixture of sulphur monochloride and chlorine on the heated oxide ; and 
of hydrogen chloride on the heated hydrated chloride. Praseodymium chloride 
forms bluish-green, transparent, hygroscopic, needle-like crystals. The sp. gr. at 
0° is given by F. Bourion as 4 07 ; by C. A. Matignon, at 18°, as 4 0] 7 ; and by 
G. P. Baxter and 0. J. Stewart, at 26°, as 4 020. According to F. Bourion, it melts 
at 810°, and, according to T. Vogt, at 818°, to form a black liquid. It is not volatile 
at 1000 °, and, in general, it may bo said that the chlorides of the cerium group- 
cerium, lanthanum, praseodymium, neodymium, and samarium—are less volatile 
than the metals of the yttrium group. A. Voigt and W. Biltz measured the electrical 
conductivity of the fused chloride. C. A. Matignon found that at 13'8°, 100 
parts of water dissolve 103-9 parts of the anhydrous chloride. The aq. soln. of the 
chloride, or a soln. of the oxide in hydrochloric acid, furni.shes large green crystals 
of heptahydrated praseodymium chloride, PrCl 3 . 7 H 20 , which, according to C. von 
Schfele, have a sp. gr. of 2'251 at 160°, and melt in their water of crystallization at 
116°—G. P. Baxter and 0. J. Stewart say 111°. At 13-8°, C. A. Matignon says 
that 100 parts of water dissolve 334 2 parts of the heptahydrated chloride, and 
that the soln. is in equilibrium with the same salt. According to C. A. Matignon, the 
heat of the reaction Pr 2 {) 3 -h 6 HCl=^ 2 PrCl 3 -l- 3 H 20 -t-] 47 8 Cals.; and Pr-jOa-f-eHC:i.,. 
—2Prtl3aq.-l-3H20-l-106'2 Cals. The anhydrous chloride is very soluble in water, 
and C. A. Matignon gives the heat of soln. PrClj-fAq.—36 6 Cals.; for the hepta¬ 
hydrated chloride, PrCl 3 . 7 H 20 -f Aq .—6 3 (Ws.; and for the hydrated chloride, 
PrClj.HoO-f Aq.=28-9 Cals. C. von Scheele says that the crystals of the hepta¬ 
hydrated chloride do not lose water when allowed to stand over sulphuric acid, but 
C. A. Matignon says that the crystals effloresce in air, forming hezah^rated praseo- 
dymiom chloride, PrCls.OHjO, that this salt can be slowly dehydrated to form 
trihydrated praseodymium chloride, PrC^.SHsO; that when heated to 10&°-130° 
in a stream of hydrogen chloride, it forms monohydiated praseodymium chloride, 
PrClj.HjO; and that when heated to 180°-200° in the same gas the anhydrous 
chloride is formed. When heated in air to 116°, hydrogen chloride and water are 
given off and an oxychloride of indefinite composition remains; G. P. Baxter and 
0 . J. Stewart formed praseodymium o^chloride, PrOCl, by heating the hepta¬ 
hydrated chloride in oxygen. F. T. Frerichs and E. F. Smith studied the properties 
of didyminm oxychloride. K. A. Hofmann and K. Hdschele obtained crystals of the 
oxychloride from a soln. of the oxide in fused magnesium chloride, l&e cone. 
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aq. soln. of praseodymium chloride dissolves considerable amounts of the rare earth 
oxalates. C. A. Matignon found that when praseodymium chloride is heated with 
hydrobromic or Uydriodic acid the bromide or iodide resiiectively is formed. 

B. J. Dryfuss and ('. 0. L. Wolf find the physiological action is analogous to that 
of lanthanum chloride. Praseodymium chloride is very soluble in alcohol, and, 
according to B. Brauncr, the mol. wt. in alcoholic soln. agret's with the simple 
formula PrClj. C. A. Matignon says that lUO gnus, of pyridine dissolve 21'4grms. 
of praseodymium chloride at 15°. Praseodymium forms double chlorides in the 
same way as cerium and lanthanum chlorides. 

J.C. O. de Marignac prepared the dulyimuin tnt'Kiiric c/dyndr, 21)it’L.tn{gCI|.24H|0, 
in deliquescent cubes; J. E. Ahlen, didgeoioH mercuric cAlerocvonidc, l>i('h.3Ugt.'y|.8H|0; 
P. T. Cleve, ilulyttiium alannir fbhride, 2DiClj.2SnCh.2tH,(); L. P. Nitson, ttutymmm 
plalinom ot ilidytuiuin chloroptaimUca, 2].)iCl3.3Plt'lj.ISH,!), and lti('l,.2PtC)j. 

lOH.O ; P. T. Cleve. didymmmpUitinic cliluritlr, 2UiCi3.2PtCh.21H,0.whieli F. T. Vrerichs 
and E. F. Smith said liud the composition 2L)it'l3.3PtCl4.241i30 of sp. gr. 2*41 at 111*; 
and yellow crystals of aurlo hexachloropraseodymats, prascisfyuiruia </dunaiurritr, 
PrCtla.AuCl^.loHjO, which have a sp. gr. 2*(U) at l.'i®, and which are very solobla in water. 
P. T. Olevo previously hod prepared didymium auric chloisde, lJU‘lj.Au(’l,.10H,O, and 
F. T. Frerichs and E. F. Smith, 20 iFl 3 . 3 Pt(.'l 4 . 2 Hl 40 . (1. Soderstrom says tlie chfoioplatinaUis 
of the cerium grouji are isomorphous crystallizing m tetragonal bipyramids tlie cerium 
salt has the axial ratio o:c=l : 1*1272 ; and the praseodymium salt, o : c- I : 1*13. 
Praseodymium chloride also forms double salts with many organic compuiuiils. 

Anhydrous neodymium chloride, Ndt’l;,, has bceti prcjinred in a similar manner 
to its companion praseodyiniutn chloride. Ncodytniimt chloride forms rosc-iiink, 
transparent, very hygroscopic crystals. F. Bourioti i found the s)i, gr. to be 1*14 
at 0“; C. A. Matignon, 4*195 at 18"; and G. P. Baxter and U. G. (’hupiti, 4*134 
at 25°. Acoordiiig to F. Bourion, neodymium cliloridc melts at 784°, forming a 
red liquid, although C. A. Matignon says (hat the salt heeomos green in colour 
below the m.p. A. Voigt and W. Blitz measured the electrical conductivity of 
the fused chloride. 0. A. Matignon found at 13“, 100 parts of water (lissolve96'68 
parts of the salt at 13°, and 140 parts of the salt at 100°; in both cases, the soln. is 
in equilibrium with the hexahydrated chloride. The aq. soln. of the chloride 
furnishes large, rose-pink, rhombic prisms of hexahydrated neodymium chlofide, 
NdCls.CHzO, which have a sp. gr. 2*282 at 16*5°, and which are readily soluble in 
water, for 100 grms. of water at 13° dissolve 246*2 grins., and at 11X1°, 511*6 grms. 
The cone. aq. soln. dissolves neodymium oxalate on warming, and as the soln. is coaled 
crystals of neodymium chloroialate separate out. According to G. A. Matignon, 
the heat of the reaction : Nd^Oj-t tiHClm, -2NdGl3„,|-I- 3 H 2 O, is 4-106*5 Gals.; the 
lieat of soln. of the anhydrous chloride, 35*4 Gala.; and of the hexahydrated 
chloride, 7*6 Gals. When hexahydrated neodymium chloride is heated to 116° 
in a stream of hydrogen chloride, it forms monohydrated neodymium Chloride, 
NdGl 3 .U 20 , which loses all its water when the temj). is carried up to 160°, and 
the anhydrous chloride remains. By heating the hexahydrated chloride, in air 
or steam, G. A. Matignon obtained mauve-coloured leaflets of neodymium oxy- 
Chloride,’NdOGl, which do not fuse at 1000°. K. A. Hofmann and K. Hoscheic 
obtained crystals from a soln. of the oxide in fused magnesium chloride. 

C. A. Matignon found that acetylene is polymerized catalytically when passed over 
hkted neodymium chloride, graphite being simultaneously deposited. B. J. Dryfoas 
and C. G. L. Wolf observed that soln. of neodymium chloride have the same 
physiological action as the salts of praseodymium and lanthanum. Neodymium 
chloride is soluble in alcohol, and C, A. Matignon reports that 100 parts of this 
solvent at 20° dissolve 44*6 parU of the salt; the heat of soln. m alcohol 
is 21*6 Cals.; the mol. wt. in alcoholic soln. corresponds with thh fonuula 
NdCl. and the alcoholic soln. deposits crystals of NdClj.SCjHjOH. Similarly, 
100 Mrts of pyridine at 15° dissolve 1*8 parts of the salt, and the soln. deposits 
crys^ of NdCl 3 . 3 C 6 HjN. Other compounds with organic bases have been 
reported. 
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According to C, A. Matignon and E. Tranno 7 , wien 8nh7drons neod 7 mi,,„, 

chloride is exposed to the action of gaseous ammonia at a low temp, or i,s 

sealed in a tube with liquefied ammonia, it is converted into the additive com¬ 
pound, NdCls.I^Mj. This, on being gradually heated, dissociates, giving rise k, 
a series of less complex additive products, the formuto, dissociation temp., ami 
heats of formation (in each case from the preceding compound in the list) of which 
are as follows ; neodymium monommmocbloiiie, 360°, 20 2 Cals. ; neodymium 
ffi.^mminn<>hlnri 6 e . NdCl 3 . 2 NH 3 , 255°, 16'9 Cals.; neodymium tetrammino- 
oMoride, NdCl 3 . 4 NH 3 , 167°, 13-7 Cals.; neodymium penfamminochloride, 
NdCl 8 . 5 NH 3 , 117°, 12’6 Cals.; neodymium octamminoeliloride, NdCIj.SNHs, 
79°, 112 Cals.; neodymium henadecamminochloride, NdCl 8 . 11 NH 3 , 26°, 9-5 
Cals.; and neodymium dodecammmochloride, NdCl 3 . 12 NH 3 , —10°, 8-4 Cals. 
The heats of formation were calculated from the law of the constant change 
of entropy.® 

Anhydrous samarium trichloride, or samarium chloride, fiaCIs, ean he prepared 
by the general methods for the anhydrous chlorides of the rare earths. 

C. A. Matignon,® and F. Bourion used the sulphur chloride process. 0. J. Stewart 
and C. James made a highly purified chloride for their at. wt. determinations. 
Samarium chloride forms a hygroscopic crystalline powder with a faint yellow 
tinge. F. Bourion gives for the sp. gr. at 0°, 4 27; and C. A. Matignon, 4 465 
at 18°. According to F. Bourion, samarium chloride melts at 686 ° to form a dark 
brown liquid. C. A. Matignon found the salt dissolves readily in water with a 
hissing noise, and the aq. soln. deposits large yellow plates of hczahydratcd 
samarium chloride, SaCls.GHjO, which, according to P. T. Cleve, have a sp. gr. 2-383. 
When the hexahydrated chloride is heated to 110° in a stream of hydrogen chloride, 
it forms monohydrated samarium chloride, SaCl 3 .H 20 , which, under similar con¬ 
ditions, at 180°, forms the anhydrous salt. C. A. Matignon gives for the heat 
of the reaction i Sa 203 -i- 6 HCl— 2 SaCl 3 'l- 3 H 20 -l- 128*4 Cals.; for Sa 203 -l- 6 HClaq_ 
=28aClsa(i.+3H20+94-63Cals.; and for the heat of soln. of the anhydrous chloride, 
37-4 Cals. When the anhydrous chloride is heated in oxygon, it forms samarium 
oxychloride, SaOCl, of sp. gr. 7-017, and P. T. Cleve prepared the same compound 
by calcining the oxide in chlorine. K. A. Hofmann and K. Hoschele obtained 
crystals of the oxychloride from a soln. of the oxide in fused magnesium chloride. 
Samarium chloride is soluble in alcohol and in pyridine, and C. A. Matignon found 
100 grms. of pyridine at 25° dissolve 6 38 grms. of chloride, and that when the 
pyridine soln. is heated, a gelatinous compound separates out, and this redissolves 
when the soln. is cooled. E. Fouard found that soln. of samarium chloride accelerate 
the oxidation of quinol more than do any of the other rare earth chlorides. 

C. A. Matignon and R. Trannoy found that when anhydrous samarium chloride is 
sealed in a tube with liquid ammonia, it is converted into a white, voluminous com¬ 
pound, SaCls, ll-5NHs, which, on being progessively heated, gives off its ammonia 
at eight different temp., which are the Association temp, of the eight compounds 
which samarium chloride forms with ammonia; the formulas of the compounds, 
their dissociation temp, at 760 mm., and heats of formation, are, respectively, as 
fedlow: ssmarinm monoamminoohloride, SaC] 3 .NHs, 375°, 20-7 Cals.; Bsmarinm 
s^iammin nfthlnjida. Sa€l 3 . 2 NH 3 , 240°, 16-4 Cals.; samarium triamminocbloride, 
SaOls.SNHs, 200°, 151 Cals.; samarium tetramminochloride, SaCl,. 4 NH 3 , 165°. 
13-7 Cals.; samaiinm pentamminoohloride, SaCl3.5NH3,105°, 12-1 Cals.; samarium 
,^.,nminnehinTid(i . BaCls.SMHs, 76°, 112 Cals.; samarium bemienneadeca- 
animinneWnridii. SaCl 3 . 9 }(or SlNHj, 40°, 10 0 Cals.; and samarium hemitriooai- 
ammlnoohloride, ^Cla.lljNHs, 15°, 9-2 Cals. 6 . L. Clark discussed this subject. 

By mixing soln. of the component chlorides, P. T. Cleve prepared deliquescent 
wange-tra prisma of platinic heptachlorosamarate, SaCl 3 .PtC 24 . 10 tH 20 , of sp. 
gr. 2-712; and rhombic plates of auric hexachlorosamarate, 8 aCl 3 .AuCl 3 . 10 H 2 O, 
of sp. gr. 2-742. 

0. A. Matignon and £. Cases prepared samarium dioblorida, or lomorous 
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Moride, Sadi, by heating anhydroiu samarium chloride in a current of dry 
hydr^en or anunonia; and by heating samarium trichloride with powdered 
aluminium. This compound forms dark reddish-brown crystals of sp. gt. 3 667 
at 22°. It dissolves readily in water, forming a reddish-brown soln. which ^dually 
loses its colour as hydrogen is evolved, and samarium hydroxide is precipitated: 
68 aC)j-t- 6 HjO= 4 SaCl 3 -|- 2 Sa(OH) 3 -|- 3 H 2 ; the rapidity with which the colour dis¬ 
appears is accelerated by shaking the soln. in air: 128 aCl 3 -feHsO-fSOsstsSSaCIs 
-f 48a(OH)3. 8 amarium subchloride is insoluble in alcohol, carbon disulphide, and 
other organic solvents. 

Anhydrous ceiinm tribromide, CeBts, is white hygroscopic crystalline powder 
which can be made by one of the general methods—W. Muthmann and L. StUtsel’s,*® 
H. Robinson’s or F. Bourion’s processes. The soln. in water is slightly acid; no 
definite hydrates have been reported, but a number of double salts have been obtained 
by 8 . Jolin, J. Dehnicke, and by G. T. Morgan and E. Cahen : J. Dchnicke made 
antimony hexabromocerate, CoBr3.8bBr3.12H20; bismuth henicosibromocerate, 
GeBr3.6BiBr3.20H2O; bismuth hexabromocerate, CoBr3.BiBr3.12H30; stannic 
heptabromocerate, CeBr,. 8 nBr 4 . 10 H 20 ; and auric hexabromocerate, CeBrj.AuKrs. 
SHjO, was made by 8 . Jolin in dark brown deliquescent crystals. F. T. Frerichs and 
E. F. Smith made anhydrous lanthanum bromide, LaBrs, by F. Bourion’s process ; 
B. Cahen heated lanthanum oxide in bromine vapour, but F, T. Frerichs and 

E. F. Smith found that lanthanum oxybromide, LaOBr, is so formed. The resulting 
white fused mass dissolves in water, producing a soln. which has no action on methyl 
orange but colours litmus wine red, because the soln. is slightly acid through hydro¬ 
lysis. The aq. soln. obtained by dissolving lanthanum oxide in hydrobromic acid fur¬ 
nishes colourless crystals of heptahydrated lanthanum bromide, Lanr 3 . 71 T 30 . These 
crystals are soluble in water and in alcohol, and form double salts with many metallic 
bromides; F. T. Frerichs and E. F. Smith made lanc dodecabromolanthanate, 
2LaBr3.3EnBr2.39H3U; andnickel dodecabromolanthanate, 2 LaBr 3 . 3 NiBro.l 81 l 3 U; 

F. T. Cleve made auric hexabromolanthanate, LaBr 3 .AuBr 3 . 9 H 2 O; J. Dehnicke 

made bismuth hexabromolanthanate, LsBr 3 .BiBr 3 . 12 H 20 ; antimony hexabromo¬ 
lanthanate, LaBr 3 .SbBr 3 .l 2 H 20 ; and antimony dodecabromolanthanate, LaBr 3 . 
3 SbBr 3 . 20 H 20 . F. Bourion pre 2 >ared anhydrous praseodymium bromide, I’rBrs, 
by heating the brown oxide in the vapour of sulphur monochloride and hydrogen 
bromide. The green crystalline powder resembles the corresponding chloride; 
it dissolves slowly in water, forming a soln. which is slightly hydrolyzed. The aq. 
soln. of the oxide in hydrobromic acid furnishes green crystals of hexahydnued 
praseodymium bromide, PrBr 3 . 6 H 20 . I’. T. Cleve made deliijuescent tabular 
crystals of zinc enneabromodidymate, DiBr 3 . 3 ZnBt 2 . 12 H 2 O, to which F. T. Frerichs 
and E. F. Smith assigned the formula 2DiBrs.3ZnBr3.36H20, and to the correspond¬ 
ing nickel dodecabromodidymate, 2DiBr3.3NiBr2.18H20. P. T. Cleve made black 
deliquescent crystals of auric hexabromodidymate, UiBrj.AuBrj.lOHjO, of sp. gr. 
3-304. Red crystals of platinio heptabromopraseodymate, PrBr 3 .PtBr 4 .H>H 20 , 
of sp. gr. 2-41 at 16°. Anhydrous neodymium bromide, NdBrj, was prejiBred by 
F. Bourion in a similar manner to the praseodymium salt. The green crystalline 
substance melts to a dark brown liquid. The aq. soln. is slightly hydrolyzed. 
Anhydrous samarium bromide, SaBrg, was made by F. Bourion by passing the 
vapour of sulphur bromide and hydrogen bromide over the heated oxide. The 
yellow fused mass dissolves slowly in water, forming a soln. which is slightly 
hydrolyzed. According to P. T. Cleve, the aq. soln. obtained by dissolving the oxide 
in hydrobromic acid forms yellow deliquescent crystals of bexabydrated ntmarium 
bromide, SaBrs.fiHsO, of sp. gr. 2-971 ; it also forms with auric bromide, aurio 
bexabromosamarate, SaBrs.AuBr3.10H20. , 

The iodides of the rare earths have been studied even less than the bromides.. 
L. T. Lange " made colourless crystals of e nneabydrated cerium iodide, 0 el 3 . 9 H 3 O, 
by evaporating in vacuo over sulphuric acid a soln. of cerium dioxide in hydriodic. 
acid. The crystals turn brown when exposed to sir owing to the separation of iodine. 
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Lanthanum iodide has been reported, and the equilibrium, conditions in the 
presence of iodine whereby a polyiodide is produced, have been studied byR. G. van 
Name and W. G. Brotrn, but T. F. Frerichs and E. F. Smith prepared zinc 
dodecaiodolantbanate, 2LaI,-3Znl2.27H20, in hygroscopic needle-like crystals. 
C. A. Matignon has prepared praseodymium iodide, Prls, and also neodymium 
iodide, Ndlj, by the action of hydrogen iodide on the anhydrous chlorides heated 
just below their melting points. According to C. A. Matignon, neodymium iodide 
melts to a black liquid, which at a higher temp, becomes transparent owing to the 
formation of an allotropic modification. C. A. Matignon also made samarium 
triiodide, Sale, in a similar manner to the neodymium salt. The orange-yellow 
crystals become deeper in colour as the temp, is raised and pass through orange, 
brick-red, and finally, at 800°, black. When heated to a high temp, in a stream of 
hydrogen iodide, yellow samarium diiodide, Sale, is formed. This compound 
dissolves in water, forming a brown soln. which, on standing, loses its colour and 
deposits gelatinous samarium hydroxide. 
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§ 15 . The Sulphides of the Cerium Metals 

The 8ulj)hi(ie.s of the rare earths have not been prepared in the wet way, j.c 
by the action of hydrogen sulphide, or of ammonium or alkali sulphide on aq. 
soln, of the salts. When ammonium or an alkali sulphide is added to an aq. soln! 
of a salt of the rare earths, the hydroxide is precipitated. Hydrogen sulphide has 
no perceptible action. In this respect, the rare earth metals resemble aluminium 
and chromium; but unlike these elements, the cerium metals furnish sulphides 
which are fairly stable in contact with water at ordinary temp. The normal sul¬ 
phides are of the sesquisulphide type, R^Sg; but they also form polysulphides, and 
some oxysulphides have been reported. 

C. (i. Mosander ‘ made cerium sulphide, OegSg, by heating the metal in the 
vapour of sulphur, and by passing the vapour of carbon disulphide over healed 
ecrous carbonate. A. Beringer substituted ceric oxide in place of the carbonate. 
E. T. Frerichs and E. F. Smith also prepared cerium sulphide by this proce.ss. 
P. Didier prepared this sulphide by passing a current of dry hydrogen sulphide over 
a fused mixture of sodium chloride and anhydrous cerium chloride, and extracting the 
soluble salts with cold water. According to C. 0. Mosander, when a mixture of ceric 
oxide (or cerium chloride) with three times its weight of potassium polysulphide (liver 
of sulphur), is strongly heated in a covered vesselfor half an hour, and the potassium 
sulphide removed by leaching with water, small crystalline scales of cerium sulphide 
are formed; they have a yellow or yellowish-green colour like mosaic gold. 
W. Muthmann and L. Stutzel did not succeed in making the gold-yellow crystalline 
sulphide by this process; and J. Sterba said that C. G. Mosandcr’s crystalline sul¬ 
phide was really crystalline ferric sulphide. A. Beringer claimed to have made a 
crystalline variety resembling V. G. Mosander’s cerium sulphide by using sodium 
polysulphide in place of potassium polysulphide; but this is probably a similar 
mal-observation. 

C. G. Mosander also 'prepared lanthanum sulphide, LagSg, by the carbon 
disulphide process. T. Lange, R. Hermann, and F. T. Frerichs and B. F. Smith 
also prepared lanthanum sulphide by the processes employed for cerium sulphide. 
W. Muthmann and L. Stiitzcl prepared it by a process similar to that employed for 
cerium sulphide, namely, by heating the anhydrous sulphate in a stream of 
hydrogen sulphide. W. Biltz showed that the disulphide, LaSg, is first formed, and 
if the temp, exceeds 650°, the latter compound is converted to the sesquisulphide. 

F. T. Frerichs and E. F. Smith prepared didymiwn sulphide by C. G. Mosander s 
carbon disulphide process. W. Muthmann and L. Stiitzel prepared praseodymium 
sulphide, Pr^Sj, and neodymium sulphide, Ndg^, by the same process us that 
employed for the lanthanum and cerium sulphides. W. Biltz observed that as 
in the case of lanthanum, praseodymium disulphide is formed if the temp, be 
not high enough. H. Moissan found that if sulphur vapour bo passed over 
praseodymium carbide at 1000°, a mixture of the sulphide and graphite is formed. 
H. Erdmaun and F. Wirth prepared samarium SU^hide, Sa^Sg, by heating the 
anhydrous sulphate in a stream of dry hydrogen sulphide. H. Moissan made 
samarium sulphide by the action of sulphur vapour or hydrogen sulphide on 
samarium carbide heated to a high temp.; and C. A. Matignon made it by passing 
dry hydrogen sulphide on heated anhydrous samarium chloride. 

Cerium sulphide, as prepared by P. Didier, was a porous mass, and vermilion or 
black according to the temp, of preparation; the crystals he made were red and trans¬ 
lucent. W. Biltz said cerium sesquisulphide is red. W. Muthmann and L. StfitzeTs 

E rocees furnishes black, or brownish-black, pulverulent cerium sulphide; yellow 
mthanum sulphide; chocolate-brown pras^ymium sulphide; and olive-green 
neodymium sulphide; H. Erdmann and F. Wirth’s samarium sulphide was a 
yellow powder. P. Didier’s cerium sulphide had a sp. gr. 6’1, and W. MuthmsM 
and L. StUtzel’s, 6'020 at 11°, while the lanthanum sulphide had a sp. gr. 4'9108 
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M ir: praseodymium sulphide, 5 042 at 11°; and'neodpuum aiduhido, SW 
«t 11°; and H. Erdmann and F. Wirth’s samarium sulphide, 3'7. All agro twt 
the sulphides are fairly stable in air at ordinary temp., but if bea^ 
burn with a blue flame, forming sulphur dioicide, and a mixture of oxide and smpnate 
is formed, or, as C. Q. Mosander expressed it with res^t to cerium sulphide, the 
product of the combustion is a basic cerium sulphate. W. Muthmann and li. Bttt^ 
found that finely divided cerium sulphide ignites spontaneously in air at ordinary 
temp. J. Sterba said that the spontaneous ignition occurs only when cerium 
oxysulphide has been produced by using moist hydrogen sulphide. All agtM ttat 
the sulphides are slowly hydrolysed by hot water with the evolution of 
sulphide; the hydrolysis is fastest with lanthanum sulphide. The sulphides aw 
dissolved by dil/acids with ^he evolution of hydrogen siilphido. Oermn. su ph de. 
said P. Didier, dissolves even in acetic acid without the seiiaratioii of "“'P*' • 

and when treated with alkali sulphide it undergoes alteration, but 
crystalline. C. 0. Mosander said that a soln. of potassium •'{‘‘/P*''*'' 
cerium sulphide into a green powder which apisiars to be an oxysu phido W. Muth 
mann and L. StUtsel found that dry hydrogen chloride or bromide !>“““• 
dry sulphide furnishes the corresponding cerium, lanthanum, P'f®" , 

neWum halide. According to 0. G. Mo^i.der, when eonum sidphnle 
in chlorine gas it is resolved into cenum and sulphur clilorides, but it is not alterctt 
bv heating it in the vapour of iodine, phosphorus, or potassium. • , 

^ iri826, C. G. MosLder said that cerium disulphide had no been isolated, and 
was known only in combination with electronegative metal sulphides. W. Bdte 
passed a current of hydrogen sulphide over cerium sulphu c at ’ “^"nto 

that in about 20 his., 2 to 3 grms. of the sesquisulph.de were c^^.teTs 

cerium disulphide, CcA- The progress of the formation of the 1 

best followed bv weighing from time to tinw, but since cerium oxysulphide has also 

Wn otaTS'onpprox'imately the same weight per mol, a co.njdete ima^s is 

necessary to characterise the compound. Cerium A 7-7 per 

brown crystalline powder, moderately stable m air and in cold water. A 17 7 pet 
ceTsoTrof hydr^ochlori; acid dissolves the disulphide m the col^ and an odou 
of hydrogen persulphide is perceptible, and sulphur is d but 

is taken te prove that the disulphide is not a true analogue of the dioxide, but s 

rather a polvsiilphide Cc., 83 .S. The conversion of the disulphide into the sesqui- 

rateer a poiysuipume, „{ decomposition is about 

sulphide has been examined up to 12IX) , tne tuni. oi uewu^ Iivdroden 

720° • the lower sulphide is stable at a red heat, and does not rea , , ^ ® 

iifniUgm al that tip., but between 1400° and 1500° it me ts and d«eomj^i^^ 

The sesquisulphide prepired at 745°, when heated in a 

for thirty hours at 615°, <lid not reabsorb sulphur. This 

apparent! as by heating the disulphi.le in a cijrrent f ^ 

sulphide was obtained, and this product M that of 

heat of soln. of the disulphide, CeS^, in hydrwlilonc acid is 

CeS, s 37 800 cals. (39,500 cals, from the product prepared at 400 ). . 

Suwa, the equation 4 CeS,= 2 Ce.A+ 2 W,,- 18 . 6 W jals is <»lculated. By the 

uie of Nernst’s e.,uation for heterogeneous eqmlibrm, the decomposition timp. 

sulphate at 580°-fi00° in a current of hydrogen sulphide, ^h^^t behavM 
„. pi,..ipbid., uAs, ““ 

are only obtained in the presence of some ^nu . . * PiaMOdTminm 

known to assist the formation of praseodymium peroxide. KMCWHHum 
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diialphide, PrS^, dissociates at a temp, near that of the lanthanum compound. 
J. J. Berzelius and W. Hisinger mentioned the formation of an apple-green powder 
of cerium ozjnulphide by heating cerous carbonate with sulphur, or in a stream 
of hydrogen sulphide. A little basic sulphate is usually present. Acids decompose 
the oxysulphide with the evolution of hydrogen sulphide and the separation of sul¬ 
phur. C. G. Mosander also mentioned cerium oxysulphide —vide mpra —but 
W. Muthmann and L. StUtzel could not obtain this product. W. Biltz prepared 
cerium oxysulphide, C'c. 2 S 2 jOS; and .1. Sterba also obtained an oxysulphide by using 
moist instead of dry hydrogen sulphide in the preparation of cerium sulphide. 


Ksi^rk.nces. 

‘ C. G. Mosander, Uveruha Akad. Hundl., 298, 1826; Kar><m'i> Arch., 10. 470, 1827; Pogg- 
Am., 11. 406, 1826 ; ,T. J. Berzelius and W. Hisinger, GrA/ra’s Ann., 2. 397, 1804; A. Beringer, 
lAebig's Ann., 42. 134, 1842 ; F. T. Frerielis and E. F. Smith, it., 191. 331, 1878 ; 0.1’opp, <6., 
131. 107,1864; H. Erdmann and F. Wirth, it., 361.190,1908; P. Didier, C'omjd. M., 100. 1461, 
1886; 101. 882, 1885; H. Moissan, ib., 131. 696, 924, 1900; J. Sterba, Ann. Ckim. Phyt., (8), 
2. 193,1904 : a A. Matignon, lA., (8), 8. 402,1906; W. Muthmann and L. Stiitzel, Ber., 32. 3413, 
1899; W. Biltz, ib., 41. 3341, 1908; Zeil. army. Ckem., 71. 427, 1911; R. Hermann, Jmrm. 
prntt. Chem., (1), 82. 386,1861; T. Lange, ib., (I), 82. 129,1801 ; H. Holm, Beilrage zw Kenntnu 
lies Cers, Miiiichon, 1002. 


§ 16. The Sulphates oi the Cerium Metals 

J. .T. Berzelius and W. Hisinger' made anhydrous cerous sulphate, Ce^iSOJa, 
by dissolving the carbonate in cold dil. sulphuric acid. The hydroxide or oxide 
can be used ; if ceric oxide bo used a little reducing agent like hydroquinone is added 
to reduce ceric to cerous sulphate. P. Berthier dissolved ceric oxide in sulphurous 
acid. The aq. soln. is evaporated for crystallization, and the crystals are dehydrated 
by heat. B. Brauner and co-workers, and 0. Wyroubofi and A. Verneuil showed 
that the temp, of dehydration should be if it exceeds 500°, the sulphate 

begins to decompose. E. Ldwenstein measured the vap. press, of hydrated cerium 
sulphate, and found evidence of the existence of the octo-, penta-, tetra-, and 
di-hydrates. M. Stuart found an eflloresccnce of cerium sulphate on some graphite 
from Vclland, Travancore. Anhydrous cerium sulphate thus prepared is a white 
hygroscopic powder. Anhydrous lanthanum 8Ulp^te, La 2 (S 04 ) 3 , is also a white 
hygroscopic powder, and it is prepared in a similar way. B. Brauner and 
F. Pavlicek, and H. 0. Jones showed that the dehydration must be carried out at 
600°-650'’, for if the temp, be less, the whole of the water will not be expelled, or 
some acid sulphate will remain undccomposed. E. Ldwenstein measured the vap. 
press, of hydrated lanthanum sulphate, and found evidence of the existence of the 
ennea-, hexa-, and tri-hydrates. He also obtained the octo-, hexa-, and penta- 
hydrates of didymium sulphate. The sulphates of the remaining members of the 
family are hygroscopic powders, and are obtained in a similar manner—anhydrous 
praseodymium snlphat^ Pr 2 (S 04 ) 3 , is light green; anhydrous neodymium sulphate, 
NdjfSOgla, is light red; and anhydrous samarium sulphate, 882 ( 804 ) 3 , is pale 
yellow; B. D. Keyes and U. James thus describe the preparation of samarium 
sulphate in the following manner; 

Samarium oxalate was ignited and the oxide dissolved in hydrochloric acid. To the 
cool soln. there was added a little more sulphuric acid than was required to unite with^e 
samarium present, after which the mixture was poured into a largo excess of alcohol. TJe 
precipitated sulphate was filtered off, washed with alcohol and rendered anhydrous by 
heating. Tlie anhydroua sulphate was dissolved in water, filtered, and the filtrate 
evaporated upon the 8teoin*bath. The purified salt was then dried and very finely powdered. 

The sp. gr. of anhydrous cerous, lanthanum, and praseodymium sulphates are 
respectively 3*91. 3-60, and 3-726 at 15•8^ L. F. Nilson and 0. Pettersson gave 
for the sp, ht. of anhydrous cerous, lanthanum, and didymium sulphates 0*1168, 
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0'U82, and 0’1187 between 0° and 100°; and for the corteaponding mol. ht., 66‘23, 
66'90, and 68'96. B. Brauner represented the sp. gr. of soln. of cerous sulphate 
containing p parts of Ce-^fSOi)} in 100 parts of water, at 15°: 

p ... 2 4 ts 8 10 12 14 

Sp. gr. . . 1 01888 1-03796 1 05(191 1 07.572 1 09441 iai29« 11.31,77 


or sp. gr.=0'9996654-0 0096401p+0 0000166p-. C. von Sclieele gave for anhydrous 
praseodymium sulphate the sp. gr. 3 720. According to G. Wyrouboff ami A. Vcrncuil, 
and B. Brauner and A. Batek, cerous suljihate begins to decompose at 500°, and 
at a white heat it is completely converted into the dioxide. The other sulphates 
behave similarly, but lanthanum sulphate resists thermal decomposition better than 
any of the rare earth sulphates. L. Wiihler and M. Griinzweig measured the dis¬ 
sociation press, of some rare earth sulphates between 800° and 1020 “ with the idea 
of obtaining a measure of the basicity of the rare earths. The following represents 
the partial press., p, of the sulphur trioxide, and the heats of dissociation, Q, at 900°. 
The values of Q were computed from Nernst’s theorem. 

Lft Pr Nil Sa 

Press, of SO 3 at IMX)® . . 2 r»‘5 0 0 HO 

Heat of difwcK'iation . «50-8 57*4 .'>7’2 TiO’O 


E. Wedekind and Hauskneeht found the at. magnetism of cerous (Ce'") 
sulphate to be |22tK)xl(r«; ceric (t'e"') sulphate, -137-.5xlO lanthanum 
sulphate, .-84 X10^°; praseodymium sulphate, -) 5100X lO'*; neodymium sulphate, 
-t-5270xl0"*. The different observers agree that the rare earth sulphates are com¬ 
pletely decomposed only at a white heat; and when heatcjd between btxr and 1(KXI°— 
L. Wohler and M. GrUnzwcig said between 800° and 850°—^the jiroduets are often 
called basic sulphates, or oxysulphates, and represented by the formula 11 ,^ 03 . 803 , 
or R 2 O 2 SO 4 . 0. A. Matignon said that praseodymium dioxysull*ate, Tr 20 . 2804 , 
and neodymium dioxysulphate, Nd 202804 , are amorphous powders insoluble in 
water or cold dil. sulphuric acid, and stable at 1000 ° ; the former is green, the latter 
pink; samarium diozysulphat^ 89 . 302804 , has similar properties, and it is pale 
yellow. L. Wohler and M. Griinzweig obtained lanthanum dioxysulphate, 1 , 8303804 , 
and cerous dioxysulphate, 00202804 . 

L Pissarjewsky gave for the heats of formation of some rare earth sulphates 
2! Ce(0H)3.0.0H 1 + 31128044 ,, - 002 ( 804 ) 3 .,, +H 2 O 2 .., + 02 + 29-95 Cals ; C A. 
MaticDon, La^Oa-f ^ ^ Cals.; and La 2 (f^ 04 ) 8 -i''A<j. 

=U 2 (S 04 ) 3 a„ +34-6 Cals.; Pr 203 f 3 H 2 S 04 -Pr 2 (S 04 ) 3 + 3 H. 20 + 125-7 Cals.; and 
Pr 2 (S 04 ) 3 +Aq.-Pr 2 (S 04 ) 3 au +36 0Cal8,; 2Nd+38+602 -Nd 2 (S 04 ) 3 + 928 - 2 Cal 8 .; 

2Nd+38+602d 8H20=^(S04)3.8H20+946'8Cals; Nd./^^ 

+ 3 H 2 O+I 25 I Cals.; Nd203+3U2804.g,-Nd2(804)3,„,.-i 3H,20+1(W-4 Cals.; 

Nd 2 {S 04)3 +A<i.-- Nd 2 (S 04 ) 3 „„.-i -36 f) Cals,; Nd 2 ( 804 ) 3 . 6 H. 20 +Aq.=Nd 2 (S 04 ) 8 .<i. 
+8-3 Cals.; and Nd2(804)3.8H20+Aq.=Nd2(S04)3»,.+ 6'7 Cals.; 88203+3113804 
= 8 a. 2 (S 04 ) 3 + 3 H 20 + 113-8 Cals.; and Sa 2 (S 04 ) 3 +Aq.-Sa 2 { 804 ) 3 „,,+ 38'8 Cals. 
The electrical conductivities of aq. soln, of cerous sulphate have been determined 
by A. Aufrecht and K. Holmberg. The eq. conductivities of soln. of a gram eq. of 
the salts in v litres of water at 25° are as follow ; 


. .33 B 8 132 294 

Cet(S 04 ) 3 |;^ , 45.00 53.71 03-63 74-09 

„ , . . 33-80 67-72 135-44 270-88 

WS04)»\;i . 43-68 80-30 58-49 08-89 


528 
87-17 
541-76 
80-93 
442-88 
67-40 • 
535-52 
80-21 
601-60 
72-76 


1056 
100-90 
1083-26 
96-26 
885-76 
92-70 
1071-04 . 

96-95 

1003-2 

89-24 
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Those of praseodymium sulphate were measured by H, C. Jones and H. M. ReMe, 
0. von Schcelc and A. Aufrecht; those of lanthanum sulphate, by K. Holmberg, 
A. A. Noyes and J. Johnston, A, Aufrecht; those of neodymium sulphates, by 
H. C. Jones and H. M. Reese, A. Aufrecht; and those of samarium sulphates, 
by A. Aufrecht, A. A. Noyes and J. J. Johnston gave for the percentage ionization 
of soln. of lanthanum sulphate; 

« 6 10 20 go 500 a 

Percentage ionization 13*2 16’8 19'10 27*8 46*0 100 

A. Aufrecht calculated the degrees of ionization of soln. of neodymium and of 
praseodymium sulphates from the lowering of the f.p. of aq. soln., and found for 
!)=2'54 and 92’61, the percentage ionization of praseodymium sulphate in aq. soln. 
was respectively 29 and 88 ; with soln. of neodymium sulphate, «==4‘65 and 6'72, 
the percentage degree of ionization was 40 and 72 respectively. According to 
S. H. Katz and C. James, aq. soln. of samarium sulphate are slightly hydrolyzed. 

The hydrated forms of these sulphates are best considered in connection with 
the solubility curves, i.e. the equilibrium conditions in coimection with the binary 
system, R 2 (S 04 ) 3 —HjO. V. J. Otto showed that when anhydrous cerous sulphate 
is sprinkled with water, much heat is evolved, and the mixture cools to a solid mass 
which dissolves with difficulty. The early observers noted that if a soln. of the salt 
in cold water be heated, pale red crystals of a hydrate—they thought sesquihydrate 
—^are deposited, and the crystals redissolve as the liquid cools. The solubility of 
cerous sulphate in cold water is greater than that of magnesium sulphate, and it 
exhibits a very different behaviour from that shown by the alkaline earth sulphates. 
The phenomenon is related with that shown by thorium sulphate investigated by 
H. W, B. Roozeboom. Measurements of the solubility of cerous sulphate in water 
made by B. Brauner, H. Bilhrig, F. Wirth, W. Muthmann and H. Rolig, and.by 
G. Wyroubofl, were shown byJ. Koppel to be inaccu¬ 
rate. There are at least five definite hydrates, and 
the ranges of stability and transition points are 
indicated in Fig. 19. The dodeeahydrate, 002 ( 804 ) 3 . 
I 2 H 2 O, was obtained as a mass of felted needle-like 
crystals, by W. Muthmann and H. Rolig, 6 . Wyrouboff, 
and J. Koppel, by the evaporation of a sat. soln. of 
the anhydrous salt, at 0 °, over sulphuric acid; by 
8 . Jolin, by evaporating a soln., at 0°, in air ; or, by 
stirring the lower hydrates with ice-cold water. The 
solubilities of the dodeeahydrate at 0 ", IS'S", and 
19'2'’ are respectively 14'20, 14'91, and 16 04 grms. of 
06 . 3 ( 804)3 per 100 grms. of soln. At 16°, the dodeca- 
hydrate slowly passes into the octohydrate, although 
it is stable in contact with the solo, only between 
0 ° and 3°. The unneahydrate, 0 e 2 (SO 4 ) 3 . 9 'H 2 O, was 
prepared by 0. M. Marx, J. J. Berzelius and W. Hisinger, L. N. Vauquelin, 
M. H. Klaproth, 0. Ozuduowitz, R. Hermann, £. H. Kraus, J. 0. 6 . de Marignac, 
F. J. Otto, G. Wyrouboff, etc. According to J. Koppel, the enneahydrate is 
obtained by the slow evaporation of a sat., but not supersat., soln. of the sulphate 
at 40° to 46°, and seeding with a crystal of the enneahydrate. If the soln. be not 
seeded, a mixture of the onto- and ennea-hydrates will be obtained. The percentage 
solubilities of the enneahydrate, i.e. the number of grams of 062 ( 804)3 per 100 grms. 
of soln., are as follow: 

0“ 16* 21* sr-e* 45-6' W SO" 65* 

Ce,(80;), . . 17-35 lb-61 6-863 6-686 4-910 4-485 3-73 3-47 

The enneahydrate is stable in contact with the soln. between 33° and 41°,"Fig. 19. 
The oolohydrate, Ce 2 (S 04 ) 3 . 8 H 30 , was described by R. Hermann, J. C. Q. de Mar^nao, 
A. des Cloizeaux, G. WyroHMfi, etc. According to J. Koppd, the octohydrate is 



Fia. 19.—Solubility of Coi-ous 
Sulphate in Water. 
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obtain^ by crygMiaition from soln. between 30” and 70”, The poreentaga 
solubility of the octohydrate is; 

0” i:>" 201" 40* 90’ 

CejtSOJj , . . lf.»5 «tl5 8«« S«I3 ;i-88 

The octohydrate is stable in contact with the soln. between 3° and 33°, Fig, 19, 
and at the transition point 70”, it passes spontaneously into the pentahydrato, 

B, Hermann, and 8, John reported a hexahydrate, but neither W. Muthniann and 
H, Bobg, nor J, Koppel were able to confirm this, G, WyroubofI suggested that the 
alleged hexahydrate is a mixture of the octohydrate and pentahydrate, F, 3. Otto, 

C. Czudnowitz, 8, John, R, Hermann, C, Wolf, C. H. Wing, J. Thomsen, W, Muth- 
mann and H, Rblig, etc,, made the pentahyirale, Ce2(804)s.5H20, by heating an aq, 
soln. of cerium sulphate, and pouring off the liquid from the crystals which si'parate. 
The percentage solubility is: 

46" 00" 80" lOO-S" 

Ce,(SO,)j . . . 81l(i .114,') tin 0-4() 


The pentahydrate is stable in contact with the soln. between .W)” and lOOA”, Fig. 19. 
G. Wyrouboff noticed that the crystals of the octohydrate become opaque at 100” 
or more slowly on a summer’s day, owing to the formation of a klrahydrale, 
Cc2(804)s. 4H20. The crystals were obtained by J. Koppel by heating the ennea- 
hydrate with a little water at 70° or by evaporating a one per cent. soln. on 
the water-bath, and sowing with crystals of the tetrahydrate. The percentage 
solubihty is: 

35* 40* 50* 05* 82* I00‘5* 

0^(80,), . . 7*8 571 3-31 1*85 098 iH2 
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The tetrahydrate is stable in contact with a soln. between 41” and lOO'fi”. 

According to W. Ostwald, the solubility of the different solids which a substance 
can form with the same solvent in corresponding soln. is inversely as their stability, 
so that the most stable form has the smallest solubility, 
and the least stable form the greatest solubility. Sup¬ 
pose that at a given temp., the stable octohydrate had 
a greater solubility than the labile pentahydrate, then 
a sat. soln. of the latter could still dissolve some of the 
former. 8uppo3e that a soln., saturated with resi)ect 
to the octohydrate, and supersaturated with the penta¬ 
hydrate, be. sown with the pentahydrate, that hydrate 
separates out until the soln. is sat. with respect to the 
pentahydrate. It is thus possible to convert the octo¬ 
hydrate into the pentahydrate without the consump¬ 
tion of energy. This, however, is contrary to the 

original assumption that the pentahydrate is the labile i f]!” 

form, and hence the solubility of the pentahydrate *''«• 20. -Tlie Mubihty of 
must be greater than that of the wtohydrate. J. Koppel Pr^JUJidyinium'" Bull 

has given a general demonstration of the original pro- phatos. 
position. The solubility determinations by J. Koppel 

are in agreement with this rule, but this is not the case with the determinations of 
W. Muthmann and H. Bdlig. 

C. F. Bammelsberg, P. A. Bollcy, and C. G. Mosander prepared crystals of 
lanthanum sulphate. The last-named found that 100 parts of water dissolve 
16-67 parts of ennmhydraled latdhanum tulpluUe, La2(80«)s.9H20, at 2”; 2-36 parts 
at 23”; and 1 -89 parts at 100°. W. Muthmann and H. Ediig gave for the percentage 
solnbiUty: ^ 

. 2-91 


WSOsls 


14 * 

2-83 


SO" 

1'8« 


SO" 

1-47 


76" 

006 


•too* 

068 


with the enneahydrate as solid phase, Fig. 20. The enneahydrate is readily made 
by warming a 15 per cent, ice-cold soln. of lanthanum sulphate to 30°. According 
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to B. Brauner and F. PavHcek, fine needles of the hexadecahydrate, La 2 (S 04 )s.l 6 H 20 , 
separate from the ice-cold sat. soln. This hydrate is unstable and decomposes 
at 0°; F. T. Frerichs and E. F. Smith said that the hexahydrale, La 2 (S 04 )s. 6 H 20 , 
separates from a strongly acid soln. of lanthanum sulphate. According to 
6 . Eberhard, and C. von Scheele, 100 parts of water dissolve 23'64 parts of praseo¬ 
dymium sulphate at 0°; and 17'7 parts at 20°. W. Muthmann and H. Bolig 
found the percentage solubility to be: 

0“ 18" 36" 65" 76" 86" 96" 

Pr,(80,), . . 16-5 12-3 9'4 6’6 41 l-S 1-0 

Solid ph«»e . . PriCSOjlj.SH.O Pr,(80,)j 6H,0 

The results are plotted in Fig. 20. C. von Scheele found the hydrate, Pr 2 (S 04 )s. 
I 5 JH 2 O, to be formed by the crystallization of a dil. soln. at ordinary temp., and 
W. Muthmann and H. Bolig, the dodecahydrate, Pr 2 (S 04 ) 3 . 12 H 20 , at temp, in the 
vicinity of 0°, and it resembles the corresponding cerium sulphate; at ordinary 
temp, it passes into the oclohydrale, Pr 2 (S 04 ) 3 , 8 H 20 , which separates from aq. 
soln. between 0 ° and 75°. Near 75°, it changes to the pentahydrate, Pr 2 (S 04 ) 3 . 5 H 20 , 
which crystallizes from the soln. between 90° and 100°. B. Brauner mentioned a 
hexahydrale, Pr 2 (S 04 ) 3 . 6 H 20 , but this has not been confirmed. W. Muthmann and 
H. Bolig found the percentage solubility of neodymium sulphate to be; 

0" 16" 30" 50" 80° 108" 

, Nd,( 804)3 • ■ • 8'7 6-0 4-7 .3 5 2-6 2-2 

The solid phase is the octohydrate, Nd 2 ( 804 ) 3 . 8 H 20 , Fig. 20. C. A. Matignon 
mentioned a pentahydrate, Nd 2 (S 04 ) 3 . 5 H 20 , but this has not been confirmed. The 
octohydrate, Sa 2 (S 04 ) 3 . 8 H 20 , is the only known hydrate of samarium sulphate. 
F. Wirth gave for the percentage solubility of octohydrated samarium sulphate, 
3’426 grras. of anhydrous sulphate in 100 grms. of liquid at 25°. F. Wirth gives 
for the percentage solubilities, i.e. the number of grams of the anhydrous sulphate 
in 100 grms. of soln. at 26°, the following: 

IJ»i( 80,)„9H,0 tVSOPi.SHjO Pr,(S04),.8H,0 Ndi(S04),,8H,0 Saj(304)j.8Hj0 

2483 7'800 11 110 6-30 3'426 

The crystals of the dodecahydrates have not been obtained in a form suitable 
for measurement. The hexagonal bipyramidal crystals of enneahydrated cerium 
sulphate were measured by J. C. G. de Marignac, and E. H. Kraus; the former 
gave for the axial ratio o; c=l: 0-73100; and the latter, 1:0-72958. The crystals 
of enneahydrated lanthanum sulphate were measured by J. C. G. de Marignac, 
H. TopsOe, and E. H. Kraus. They are isomorphous with those of the corresponding 
cerium salt, and, according to the last-named, have the axial ratio a: c—1: 0-7366. 
E. H. Kraus examined the corrosion figures of both salts; and showed that the 
double refraction is feebly positive. H. Topsoe gave 2 827 for the sp. gr. of the 
lanthanum salt, and E. H. Kraus, 2-821. G. Wyrouboff gave 2-841 for the sp. gr. 
of the cerium salt, and E. H. Kraus, 2-831. P. T. Cleve gave 3 898 for the sp. gr. 
of the samarium salt at 18-3°. 

The hydrated crystals and aq. soln. of ccrous and lanthanum sulphates are 
colourless; those of praseodymium sulphate are green; those of neodymium 
sulphate are rose-red; and those of samarium sulphate are yellow. J. C. G. de Marig- 
nac regarded the crystals of octohydrated cerium sulphate as combinations of 
bipyramidal rhombic crystals; B. Brauner, and A. dee Cloizeaux agreed with this, 
but G. Wyrouboff showed that the crystals are pseudorhombic, and are really 
twinned triolinic crystals, devoid of all elements of symmetry, with axial ratios 
o:5:c=l-0650:1:1-1144, and o=90° 52', (3=90° 40', and y=91° 45'. The 
double refraction is strongly negative. G. Wyrouboff gave 2-886 for the sp. gr. of 
the or^tals. Octohydrated oerous sulphate is dimorphous. C. F. BammeUberg 
treated a soln. of cerosocerio sulphate with hot water; the filtrate from the basic 
ceric sulphate furnished monoclinio prismatic crystals of octohydrated cerous 
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sulphate with the axial ratios o: h; c=2-9398; 1: 2 0302, and ^=117° 18’, 
E. H. Kraus, B. Brauner, and H. Dufet exatnincd the crystals of octohydrated 
praseodymium sulphate. The monoclinic prisms, said E. H. Kraus, have the 
axial ratios a; h: c=2’9863:1: 1*9995, and /S—llS” 0’; he also studied the cor¬ 
rosion figures. E. H. Kraus gave 2*819 for the sp. gr.; and C. von Scheele, 2*882. 
The double refraction is feebly positive, and the crystals exhibit a feeble anomalous 
dispersion. H. Dufet gave for the indices of refraction for Li-, Na-. and Tl-light 
respectively a=l*5366, 1.5399, and 1*5430; /3---1 5459, 1*5494, and 1*5525; and 
■y=r5573, 1*5607, and 1*5641. He also studied the absorption spectrum of the 
salt. For monoclinio prismatic crystals of octohydrated neodymium sulphate 
H. Dufet gave the axial ratios a : 5 :c=2*9835 :1 : 1*9968, and US" 8*5'. B. Brauner 
also studied the crystals. E. H. Kraus gave 2*850 for the sp. gr. The double 
refraction is positive, and it exhibits an anomalous dispersion. H. Dufet gave 
for the indices of refraction for Li-, Na-, and Tl-liglit, respectively a= 1*5379, 
1*5413, and 1*.5441 ; j8.^l*,5469, 1*5.50,5, and 1*5,534; and y=.1*5.583, 1*5621, and 
1*5662. The pleoehroism is weak. H. Dufet studied the sbsorj)tion spectrum 
of the salt. H. Dufet found the axial ratios of the monoeliuie prisms of octohydrated 
.samarium sulphate to be u:b:r 3*(X)30:1 : 2*0022, and jS-- 118“ 16'. A. Fock 
also examined the crystals. According to S. H. Katz and 0. James, the s]). gr. is 
2*930 at 18*3°. The double refraction is positive. H. Dufet gave for the indioes 
of refraction for Li-, Na-, and Tl-light respectively a=l *5395,1*6427, and 1*6468; 

-= 1 *5486,1 *5.519, and 1 *55.51 ; and y=. 1 *5594,1 *5629, and 1 *5663. He also studied 
the absorption spectrum. The monoclinic crystals of the octohydrates of praseo¬ 
dymium, neodymium, samarium, gadolinium, yttrium, and erbium are isomorphous 
with one another, and also with the corresponding selenates, and with the mono¬ 
clinic form of octohydrated cerous sulphate. The isomorphous crystals of octo¬ 
hydrated didymium sulphate were investigated by J. C, (1. de Marignac, 
H. Becquercl, P. T. Cleve, R. Bunsen, J. Schabus, and C. F. Rammelsbcrg. Accord¬ 
ing to G. Bodman, the hydrates of bismuth sulphate are isomorphous with those 
of lanthanum --(Bi,La)a(S 04 ) 3 . 9 H 20 ; (Bi,Ls) 2 (S 04 ) 3 . 5 H 20 ; (Bi,Di) 2 (S 04 ) 3 . 8 H 20 ; 
etc. 


The crystals of pentahydrated cerous sulphate, 002 ( 804 ) 3 . 61120 , were examined 
by A. de8Cloizcaux,G.Wyrouboff,2 8 nd E. H. Kraus; the last-named found the axial 
ratios of the monoclinic prisms to be a: t: c- 1*4656 :1: 1*1264, and ;3=102° 40', 


and he studied the corrosion figures. E. H. Kraus g 

gave 3*160 for the sp. gr.; G. Wyrouboff, 3*176 ; and ^ i_ _ 

L. F. Nilson and 0. Pettersson, 3*220. The crystals ^ f X_ 

have a negative double refraction. For the monoclinic | __ i .. 

prismatic crystals of the isomorphous |)entahydrated ^_... __ 

praseodymium sulphate, E. H. Kraus gave a:b:c j _ Vq.... 

=1*4460; 1 : 1*1167, and )3=10r 16'; and the sp. gr. ^3 _ 

3*173. The crystals have a strong double refraction. | _ 

P. T. Cleve found the 100 c.c. of a sat. soln. of ^ ^ _ 

potassium sulphate dissolved 0*05 eq. of 80203 ; and | S _ 

100 c.c. of a sat. soln. of sodium sulphite dissolved 0*24 J ^ I f _ 5 S B B 
grm of sodium samarium sulphate, SaNaOOslj.nHjO. * 

A. A. Noyes and F. G. Falk found the percentage _ 
ionization^of soln. of lanthanum sulphate at 18° to be 

for soln. containing 2,10, and 50 millicq. per litre, re- Sulphates in Sulphuric Acid, 

spectively 46*4,28*9, and 19*8. F. Wirth measured the 

solubility of cerous, lanthanum, and samarium sulphates in sulphuric acid. The 
order of solubility is quite different from what it is in water. The results are 
shown in Fig. 21. Expressing the data in grams of B 2 (S 04)8 pet 100 grms, of eat. 
soln. at 26°, he found with sulphuric acid of normality N: 


K ... 0 0*1 1*1 2*16 4-32 6*688 9*68 16*18 

Ce,(SO,), . . 7*60 7*618 6*00 6*018 .1*301 1*606 0*733 0*239 
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whore the solid phase is 062 ( 804 ) 3 . 81120 ; with lanthanum sulphate; 

AT ... 0 0-505 l-IO 2-l« 4-321 0-686 9-08 16-15 

L(»,(SO,)j . . 2-483 2-934 3-118 3-166 1-927 0-9217 0-4617 0-307 

where the solid phase is L 8 . 2 (S 04 )s. 9 H 20 ; and with samarium sulphate : 

AT ... 0 0-1 0-606 1-1 2-16 6 175 12-6 

Soj(SO,), . . 3-426 3-441 3-362 3-076 2-416 0-7025 0-1107 

G. Wjnroubof? found that the hydrated and anhydrous varieties of the lower 
cerium oxide dissolve in cone, sulphuric acid, and the soln. on evaporation, deposits 
small, brilliant, transparent needles. When the evaporation is continued until 
no more sulphuric anhydride is evolved, care being taken that the temperature of 
decomposition of the salt is not reached, a crystalline cerolU hydrosulphatei 
Ce(HS 04 ) 8 , is obtained. The salt is quite stable in dry air, and is very hygroscopic. 
B. Brauncr and J. Picek found that in the above process of preparation, some 
sulphuric acid adheres very tenaciously to the acid salt, but it can be separated by 
heating the salt under reduced press, at a temp, not sufficiently high to decompose 
the sulphate—say 130°, but not above 180°. They prepared this salt by dissolving 
normal cerium sulphate in ice-cold water and then adding an excess of sulphuric 
acid. The acid salt which separates may occasionally be contaminated with the 
hydrate of the normal salt, which is, however, readily converted into the acid salt 
by heating. The acid salt was freed from sulphuric acid in a Sprengel vacuum at 
130°; it forms colourless, glistening needles. The corresponding lanthannin 
hydKMUlphate, La(HS 04 ) 3 , was obtained by a similar process in colourless silky 
needles; so also in green silky needles of piaseodymiom hsrdioaolphate, Pr(HS 04 ) 3 ; 
rose-red silky needles of neodymium hydrostilphate, Nd(H 804 ) 3 ; and golden- 
yellow silky needles of samarium hydn^phate, Sa(HS 04 ) 3 . C. A. Matignon 
prepared neodymium hydrosulphate either by evaporating down a soln. of the 
neodymium salt of a volatile acid with excess of sulphuric acid or by dissolving the 
normal sulphate in the boiling reagent and allowing the soln. to cool. It crystallizes 
in long, silky, deliquescent, pink needles, which have an oblique extinction inclined 
at 12“ to the principal axis. This form, however, rapidly becomes hydrated and 
changes into an aggregate of small, anisotropic crystals; finally, the normal salt 
with 8 H 2 O is obtained mixed with excess of dil. sulphuric acid. One hundred parts 
of, boiling cone, sulphuric acid dissolve 1-30 parts of the acid salt. The heats of 
dissolution of the acid and normal sulphates in water at 17° are 64-20 and 37-2 
Cab. respectively, the heat of formation of the former from the latter being 26-3 
Cab. Praseodymium hydrosulphate, prepared in a similar manner, is isomorphous 
with this substance, separating in slender needles having oblique extinction; 100 
parts of boiling cone, sulphuric acid dissolve only 1-02 parts of the compound. 
The heats of dissolution of the acid and normal sulphates in water at 16° are 65-5 
and 36-0 Cab. respectively, the heat of formation of the former from the latter being 
24-2 Cab. The acid praseodymium salt is less stable than its neodymium analogue, 
and is more readily decomposed on heating. He abo obtained samarium hydro- 
sulphate by evaporating at 200 ° a sulphuric acid soln. of the normal sulphate or by 
allowing the boiling soln. to cool, when the salt forms thin needles, less soluble 
than the corresponding salts of praseodymium or neodymium. B. Brauner and 
J. Picek heated the hydrosulphates in the vacuum of the mercury pump, and 
found the percentage decomposition to be; 
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E. Kuaheim studied the aetion of carbon on cerium sulphate in the electric arc 
furnace. 

tomplax salts. M. Batre 3 has examined the lowering of the solubility of cctous 
and lanthanum sulphates in water by the presence of alkali sulphates, and, expressing 
the results m grams of anhydrous salt in soln. per 100 grms. of water, he found 
with sodium sulphate: 


19" 

INsgSO, 

. 0 

0-33 

1-09 

1-39 

1-70 

3-50 

\Ce,(SOj)3 . 

. 0*66 

0-64 

0-09 

0-06 

0-03 

0-01 

18° 

/NugSO, 

. 0 

0-40 

0-77 

1-14 

2-48 

5-55 

(LajISO,), 

. 213 

1-00 

0-30 

0-13 

004 

U-02 

with potassium sulphate: 
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(KjSO. 

. 0 
. 10-70 

0-18 
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0-43 

0-73 

0-25 

1-29 

0-04 

2-50 

0-00 

10’5 


. 0 

0-26 

0-50 

0-85 

i-iu 

2-6tl 


. 2-21 

0-73 

0-27 

0-10 

0-02 

0-00 

and with ammonium sulphate: 
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l(NH,)gS04 . 
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tCoj(.SO,), . 

lO-Tf) 
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18-24 
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65-29 

\i.a 2 (S 04)3 

213 

03U 

0-25 

0-28 

0-14 

o-oi 


The solid phase is not stated, but it is known that double or complex salts are 
produced. The subject is in an empirical stage ; it has not yet been illumined by 
the, phase rule. M. Barre, for 
example, found that a sat. soln. 
of sodium sulphate precipi¬ 
tates sodium dicecous sulphi^, 

Na 2 S 04 .Ce 2 (S 04 ) 3 . 2 H 20 , from 
a soln. of cerous sulphate, and 
at the b.p. precipitation is 
virtually complete. The same 
complex salt is obtained if 
crystalline sodium sulphate is 
added to a soln. of cerous sul¬ 
phate. C. Czudnowicx, and 
8. John reported sodium dicerous bezBsulphate, .3Na.,804.(V2(St>4)2.21l20; a*iid 
A. Beringer, sodium tetiacetous enneasulpbate, 3Na2S0V2(>2(804)a. 1*. T. Clove, 
and M. Barre also obtained sodium lanthanum sulphate, Na2S04.La2(804)j.2H20, 
and F. T. Clcvc sodium samarium sulphate, Na 2 S 04 . 8 a 2 (S 04 ) 3 . 2 H 20 , in a similar 
way. D. B. Keyes and C. James' solubility curve. Fig. 22, shows the existence 
of only the complex salt, 3Na2804.‘2Sa2(S04)3. 6H20, at 25'“. 

J. J. Berzelius noted that a double salt is precipitated when a cone. soln. of a 
cerous salt is mixed with a soln. or with crystals of potassium sulphate. If any 
iron sulphate be present, T. Schcerer said that it is carried ilown with the double 
salt and imparta to it a yellow tint. The double salt which is precipitated by the 
solid potassium sulphate, said A. Beringer, contains a slight excess of iwtassium 
sulphate which is not entirely separated by washing and recrystallization. The 
double salt can be puriBed by washing with cold water, dissolving in boiling water, 
and cooling the soln. Small colourless crystals are thereby obtained. The pro¬ 
perties of the double salt were described by J. J. Berzehus, A. Beringer, 
C. G. Mosander, etc. From this, it appears that the salt fusee at a red heat; it is 
decomposed by fusion with alkali carbonate, and when the fused mass is* extracted 
with water, ceric oxide remains. Cerous hydroxide is precipitated by potassium^ 
hydroxide or carbonate from a hot aq. sob. of the double salt, but some basic sulphate 
or other sulphate will be entrained with the precipitate unless the mixture is digested 
VOL. V. 2 u 



Fi(j. 22. - Solubility CitrvoM of Stmiariiiiii Sulnimto hi 
Solutmnt* of Sodium and Ainmuhiuiii 8ul|mat«>N at 
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or boiled lor a considerable time. Sulphuric acid dissolves the double salt, forming 
potassium hydrosolphate. The double salt is soluble in other acids; it is freely 
soluble in boiling water; sparingly soluble in cold water; and virtually insoluble 
in a sat. soln. of potassium carbonate. According to J. J. Berzelius and W. Hisinger, 
and W. Muthmann and H. Eolig, the double sulphates are very conveniently 
brought into soln. by heating them with cone, nitric acid, and pouring the whole 
into boiling water, or, according to 6. Urbain, by dissolving them in a cone. soln. 
of ammonium acetate. C. von Scheele found that they are directly converted into 
hydroxides by heating them with alkali hydroxide; and C. A. von Welsbach con¬ 
verted them into oxalates by prolonged heating with an aq. soln. of oxabc acid. 
According to P. E. Browning and P. L. Blumenthal, and L. M. Dennis and 
F. H. Rhodes, when the double Sulphates are heated for about an hour with four 
times their weight of powdered charcoal, they arc almost completely reduced to 
sulphides, soluble in hydrochloric acid. 

0. Czudnowicz, S. John, and M. Barre obtained potassium ceroos sulpbatei 
K2804.Ce2(S04)3.2H20. Crystals of potassium lanthanuin sulphate were made 
by M. Choubine, T. Scheerer, and C. 6. Mosander. M. Barre made potassium 
lanthanum sulphate, K 2 S 04 .La 2 (S 04 ) 3 . 2 H 20 . C. Baskerville and H. Holland made 
potassium praseodymium sulphate, Pr2(804)3.E2S04.4H20; ceesium praseodymium 
sulphate, Pr 2 (S 04 ) 8 .CB 2 S 04 . 2 H 20 , and Pr2(804)3.C83S04.4H20; lavender blue 
crystals of cwsium neodymium sulphate, Ca2S04.Nd2(804)8.3H20. According to 
8. John, R. Hermann, and C. Czudnowicz, when a cone. soln. of potassium sulphate 
is added to one of cerous sulphate, at ordinary temp., potassium dicerous heza- 
SUlphate, 3K.2S04.Ce2(804)3, is precipitated; at 50°, R. Hermann obtained potassium 
dicerous pentasulphate, 2 K 2 S 04 .Cc 2 (S 04 ) 3 . 2 H 20 . According to E. Hermann and 
C. Czudnowicz, if the soln. contains one part of potassium sulphate to two or more 
parts of cerous sulphate, crystals of pota^um tetraemus enneasulphate, 
3K2S04.2Ce2(804)3, are formed, and M. Barre obtained the octohydrate, 
3 K 2804 . 2 Ce 2 (S 04 ) 3 . 8 H 20 , as well as potassium dicerous octosulphate, 6 K 2 SO 4 . 
Ce2(804)3,andpota8siumdilanthanumoctosulphate,5K2S04.La2(804)a. R.Hermann 
and F. T. Clcve made potassium dilanthanum heza^phate, SKaSOa.LaafSOala. 
C. Baskerville and E. G. Moss made rubidium hezahuithanum henasulphi^, 
2 Rb 2804 . 3 La 2 ( 804 ) 3 ; and ceesium hezManthanum henasulphate, 2 CS 2 SO 4 . 
SLaafSOala. C.-von Scheele made potassium dipraseodymium hezasulphate, 
3K8804.Pr2(S04)3.H20, as a heavy crystalhne precipitate of sp. gr. 3'276. P. T. Clevc 
prepared potassium Samarium pentadecasulphate, 28 a2(804)3.9K2S04.3H20. 

Lanthanum in the aluminium group might be expected to form a series of alums 
like those of aluminium. J. Locke stated that if an element will form an alum at 
all, it does so more readily with ctesium sulphate than with any other alkali sulphate. 
According to C. Baskerville and co-workers, when equi-mol. mixtures of lanthanum 
and oiesium sulphates are evaporated on a water-bath, enneahydrated lanthanum 
sulphate, La2(804)3.9H20, Separates; if the evaporation is conducted under 
diminished press., crystals of 3La2(804)3.2C82S04 were formed. Similarly with 
rubidium salts, crystals corresponding with La 2 (S 04 ) 3 . 2 B 2 S 04 . 2 H 20 were obtained 
W electrolysis, where R represents csesium, rubidium, potassium, or sodium. 
Ine anhydrous salts L 82 (S 04 ) 3 . 2 R 2 S 04 are formed by the evaporation of soln. at 
about 50°. The property possessed by lanthanum sulphate of forming the ennea- 
hydrate with a slight elevation of temp., interferes with the formation of the 
alum. P. W. Clarke suggests that while aluminkun. very reaMy lories the ahan. 
Vp^‘. mere ve^^vneA to give salts of the type : 

'La 2 lA 04 ) 3 . 3 K 2 S 04 ; or, graphically. 


.SO.-K 

Ls^S 04 -K 


.SO 4 

ti( 

^SOjK 


\SO4-K 

Silzular attempts to fomt praaeodj^uuum and neody mmm alums liavo uot boon 
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guccesgful?* The former furnishes crystals of Pr,( 804 )s.C 8 jS 04 . 2 Hj 0 , resembling 
the gadolinium sulphate, Gd,(S 04 )a.K^ 04 . 2 Hs 0 . The evaporation of mixed soln. 
of praseodymium and caesium sulphates under reduced press., or the application 
of the olwtrolytio process for alums, furnishes crystals of Pra{ 804 )s.CBj 804 . 4 H, 0 . 
Neodymium and caesium sulphate soln. evaporated under reduced press, furnish 
Nd*(S 04 ) 8 .CsjS 04 .SHij 0 . 

According to C. Ozudnowicz, and 8 . John, when a mixed soln. of ammonium 
and cerous sulphates is boiled, octohydrated ammnntiim CSIOIU ndphat 6 i 
(NH 4 )jS 04 .Ce 2 ( 804 ) 3 . 8 H 20 , separates in mouoclinic prismatic crystals, which, 
according to E. H. Kraus, have the axial ratios a: h ; e =0-3598:1 :0-9340, and 
^=97° 16'. Observations on the crystals have been also made by G. Wyrouboll 
and A. Verneuil; and on the corrosion figures by K. H. Kraus, The (louble refraction 
is feeble and positive; and the dispersion very weak. E. H. Kraus gave 2-523 for 
the sp. gr. H. Wolff found that a mol of the salt loses 6 mole of water at 100 °, 
and it becomes anhydrous at 160°; but, in contact with its sat, soln., the salt 
becomes anhydrous at 46° ; the solubility expressed in grams of {NH 4 )jS 04 .Cej(S 04)3 
per 100 grms. of water is : 

22-3" 35-1' 46-2" 45" 55-3" 76-4' S2-2" 

(NHJjSOj.OejiSOda . S-3:tl 5-184 4-993 2-994 2-240 1-482 1-184 

Solid phase . . . Octohydrate Anhydrous salt 

The corresponding octohydrated ammonium lanthanum gulpbatSi (NH 4 ) 2 & 04 . 
La 2 (S 04 ) 3 . 8 H 30 , was prepared by J. C. G. de Marignac, E. H. Kraus, and 
G. Wyrouboff and A. Verneuil. It is isomorphous with the cerous salt. The axial 
ratios of the monoelinic prisms are o : 6 : c -0-3509 : I : 0-914.5, and |3 -97° 36'. 
The corrosion figures were studied by E. H. Kraus. The double refraction is 
feeble ; the sp. gr. 2-516. M. Barrc also made the dihydrate, P. T. Cleve reported 
the octohydrated ammonium samarium sulphate, (NH 4 ) 2804 .Sa 3 (S 04 ) 3 . 8 H 20 , but 
D, B. Keyes and C. James inferred from the solubility curve at 26°, Fig. 22, that the 
salt is really heptahydrated. P. T. Cleve, and C. Morton, and J. C. G. de Marignac 
studied the corresponding didymium salt. M. Barrc prepared ammonium dicerous 
ootosulphate, 5(NH4j28O4.0e2(SO4)3; ammonium dilanthanum octamlptnite, 
5 (NH 4 ). 2 S 04 .La 2 ( 804 ) 3 ; and ammonium tetralanthanum henasulphate, 5 (NH 4 ) 3 S 04 . 
2 La 3 (S 04 ) 3 . C. von Schecle made ammonium dipraseodymium hexasulpbate, 
3 (Nli 4 ) 2 S 04 . 1 ’r 2 ( 804 ). 8 H 20 , in large crystals of sp. gr. 2 532 ; the crystals do got 
change in air or over cone, sulphuric acid, but they become anhydrous at 170°. 

A. Kolb prepared cerium pyridine sulphate, Ce 2 (C 5 NH«),(S 04 )e. 3 K 20 , in ucedlc- 
like crystals; cerium Quinoline sulpl^, probably Cc2(S04)3.60sNH7.4H2804. 
17 H 2 O ; cerium hydrazine sulphate in lustrous crystals; cerium l^drozyiamine 
sulphate in microscopic leaflets; lanthanum pyridine sulphate, LajlOsNHglsiSOals. 
4 H 2 O, in lustrous, columnar crystals; lanthanum quinoline sulphate in small, 
columnar crystals, and lanthanum hydrazine sulphate in small leaflets. B. J. Meyer 
and U. Muller prepared lanthanum hydrazine sulphate, La2(S04)3.(N2H5)2804.3H30, 
in sparingly soluble, colourless crystals on warming a soln. of the mixed sulphates 
to 75°; and neodymium hydrazine sulphate, Nd 2 (S 04 ) 3 .(N 2 H 5 ) 2 S 04 . 3 H 30 , in 
reddish-violet crystals, by warming a soln. of the mixed sulphates. 

According to G. Wyrouboff, osmium cerous sulphate, CdSO 4 .Ce. 28 Ot. 6 HjO, is 
obtained by mixing eq. proportions of the component salts, adding sulphuric acid 
which precipitates some cerium sulphate on evaporation of the soln., the double 
salt crystalnzes in rhombic prisms with axial ratios «: 6 : c=l-1336; 1:0-7836. 
According to H. Zschiesche, and G. Wytonboff, thallous cerous sulphate^ Tlj^Ot. 
CejfSOtlj.lHjO, crystallizes from a soln. of the mixed salts in monoclidio priKos 
with axial ratios o: 5: c=l-309:1:0'7069, and /S=91° 63'. By tuixiiw erfd 
cono., or warm dil. soln. of thallic and cerous sulphates, the double salt STlsW*. 
OejlBOtlj.HjO is precipitated. According to F. 2^mbonini, didymium aad barium 
suipbates ate immucible when crystalliz^ from hot cone, sulphuric acid. 
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When a soln. of ceric oxide or hydroxide is warmed with sulphuric Vid, some 
oxygen is evolved because part of the ceric sulphate is reduced to the eerous state; 
when the soln. is evaporated, orange-red or dark-red hexagonal prisms, or masses 
of acicular crystals are produced. Similar crystals are formed when a soln. of 
eerous sulphate is mixed with an excess of ceric sulphate and sulphuric acid, and 
evaporated. R. J. Meyer, and A. Aufrecht, and B. Brauner added a definite amount 
of sulphurous acid to the acid soln. of ceric sulphate and evaporated the product. 
The mother liquor furnished, on evaporation, pale yellow crystals of ceric sulphate. 
The orange-red hexagonal crystals are regarded as cerosoceric hydiosulphate, 
[ 0 e*''( 804 ) 4 ]Ce 4 *'^. 44 H 20 . Many attempts have been made to find the composition 
of the crystals. The results are complicated by the fact that the degree of oxidation 
— i.e. the ratio Ce(ous); Ce(ic)—-of the salt varies with the mode of preparation— 
e.g. B. Brauner* found the less the acidity of the soln., the less the sulphuric acid 
and the more the tervalent cerium in the product; and recrystallization from dil. 
acid gives still more eerous oxide, and the crystals retain an excess of sulphuric 
acid very tenaciously. R. J. Meyer has recalculated the different formulw which 
have been proposed on the assumption that the at. wt. of cerium is 140. 

One set ol determinations has SCeiSOi) 3 . 00 .( 804 ) 3 .nHaO--R. Hermann (1843), C. F. Ram- 
melsberg (1868), and C. Czudnowiezgaven=27 ; 0. F. Rammelsberg (1873) gave n —31*5 ; 
and S. John, ni-=31. Another set of determinations has 2 Co(S 04 ) 2 .Ce 3 (S 04 ) 3 .nH 30 — 
D. I. Mendel^ff and B. Brauner gave n—24; and W. Muthmann and L. Stiitzel, n—20. 
Another set of determinations has 2 Ce(S 04 ) 3 .Ce 3 (S 0 |) 3 .t»H 3804 .nH 30 —R. Hermann 
(18041 gavem>..2,n = 26. Another set has 2 Ce(S 04 ) 2 .Ce|(S 04 ) 3 .mH 3 S 04 .nH 30 —B. Brauner 
(1895)gavem’==l'5, and n=26; R.J. Meyer and A. Aufreeht, ni=^ 1, n=20; andB. Braimer, 
m = l,n=-24; H. Zsehiesche gave 206 ( 864 ) 3. lJCe 3 (S 04 ) 3 .H 3 S 04 . 2 eH 20 ; and 0. Wyrouboff 
and A. Vemouil, 3 Ce( 804 ),. 2 Cej( 804 ) 3 .l- 6 H 2 S 04 . 42 H 20 . 

G. Wyroubofi and A. Verneuil showed that the actual analyses—particularly 
in the ratio Cefous): Ce(ic)—often agree as well with one formula as with another. 
In consequence, the formula for cerosoceric sulphate is still sub judice. Cerosoceric 
sulphate thus contains both eerous and ceric sulphates, and the colour of cerosoceric 
sulphate is darker than that of ceric sulphate even though about half the cerium is 
present as eerous sulphate, a colourless salt. It is therefore inferred that the two 
sulphates are chemically combined as a complex. The fact that the sulphuric 
acid cannot be eliminated at 130° in vacuo led B. Brauner to regard cerosoceric 
hydrosulphate as the eerous salt of a complex acid— ceious sulphatocerate, 
Cc 4 "'[Ce(S 04 ) 4 ] 3 . 12 H 20 ;wherethehydrosulphatocetic add is symbolizedH 4 Ce(S 04 ) 4 . 
This is rendered the more probable by the existence of the corresponding salts; 
Unthauum solpbatooerate, LaH[Cu( 804 ) 4 ] 3 . 12 H 20 ; praseodymium srdphato- 
cerate, PrIHCe(S 04 ) 4 ]j.l 2 Ha 0 ; and neo^mium sulphatocerate, NdH[ 00 ( 804 ) 4 ]. 
I 2 H 2 O, which B. Brauner obtained by crystallization from an acid soln. of ceric 
sulphate mixed with an eq. proportion of lanthanum, praseodymium, or neodymium 
sulphate. It will be observed too that the rare earth hydrosulphates are symbolized, 
H(iB(S 04 ) 3 — vide supra —so that eerous hydrosulphate becomes H 3 Ce"'(S 04 )s, 
and the ceric salt of this would be Ce 3 ""[Ce 8 "'( 804 ) 3 ) 4 , or 3 Ce""(S 04 ) 2 . 2 Ce 2 ( 804 ) 8 , 
where the ratio of Ce(ic); Ce{ous) is the same as that given by G. Wjfrouboff and 
A. Verneuil. B. Brauner has stated that the four sulphatocerates are isomorphous, 
orystalUzing in hexagonal prisms. The axial ratio of the lanthanum salt is 
a; 0 — 1 : 2'3349; that of the eerous salt, 1: 2'3081; that of the praseodymium 
salt, 1; 2'1771; and that of the neodymium salt, 1:2 6669. The double refraction 
is negative. The crystals of the eerous salt were examined by J. Schabus and 
C. J. Rammelsberg. The eerous salt is reddish-yellow and pleochroic —<0 dark 
yellow, 4 citron-yellow; the praseodymium salt is greenish-yellow; and the 
, neodymium salt—a> yellowish-green, t pale-green. 

W, H. Magee and A. 8 . Eakle have described three other dicerosocerio sulphates: 
dletrOMoetic inlphate, Ce 2 {Ce( 804 ) 3 ]. 16 |H 20 , is obtained from a sulphuric acid soln. 
of red ceric hydroxide; diotmotobiowic lull^ute, Ce,[Ce 4 ( 804 )n]. 16 H 20 , obtained 
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from a mixed sulphurous-salphnric acid aolii. of yellow ceric hydroxide; and 
diceroso-oot^ric sulphate, (ioJ[(Va(S 04 )ijl. 45 H 20 , from a sulphuric acid soil), of 
ceric hydroxide. The crystals are inonoolinic prisms with axial ratios and angles 
respectively o : 6 : e==0-7159 ; 1: 1-3296, and )3:-=94“ 1’; 1-6023 : I : 1-89784, and 
^=111° 8 '; and 1-5122 : 1 :15166, and 1,3'. 

Anhydrous cenc sulphate, OeiSOi)., is produced when a mixture of ceric oxide 
and cone, sulphuric acid is warmed on a sand-bath : the sulphate does not dissolve ; 
and the change is quantitative. The deep yellow crystalline powder is washed 
with ice-cold water or glacial acetic acid, and dried over caustic alkali. Ceric 
sulphate can also be made by fusing ceric oxide with potaasium hydrosulphate, 
p. f. Mendelecff, and C. F. Rammelsberg prepared the tetrahydrate.CelSOjlo.lHjO, 
in yellow needles from the mother licjuor remaining after the deposition of cerosoceric 
hydrosulphatc; and from the liquiil obtained by dissolving basic ceric sulphate 
in sulphuric acid. The soln. is concentrated over sulphuric acid. The evaporation 
of a cone. soln. of the anhydrous salt in dil. sulphuric acid, or, as W. Hisiiiger and 
J. J. Berzelius showed, of ceric hydroxide in the same medium, furnishes the yellow 
crystals. While B. Brauner represents the crystals as tho.se of a tetrahydrate, 
G. Wyrouboff and A. Verneuil represent them by the formula (!e(8()4)2.3jHj(). 
According to B. Brauner, the tetrahydrate furnishes rhombic pyramids with axial 
ratios o:5:c=0-717 : 1 :0-471. Accordingto.J.F. Spencer, when the anhydrous salt 
is heated in air, there is a slight loss in weight at 155"; and when heated at 195“ 
until the weight is constant, the basic- salt cetic oxjrtetrasulpbate, Cej 0 j(S 04 ) 4 , ot 
20 e(S 04 ) 2 ,C'e 02 , 3 OO 2 . 4 SO 3 , is produced; more sulphur trioxide is lost at 250°, 
and at 300°, sulphur trioxide is continuously lost until ceric oxide remains. 
L. and P. Wohler and W. Pluddemann found that heat converts ceric into cerous 
sulphate with the loss of oxygen. B. Brauner showed that in the presence of slightly 
dil. sulphuric acid, ceric sidphate undergoes autoreduction to an appreciable extent. 
The ready reduction of solii. of ceric salts is explained on the ionic hypothesis by 
the high oxidation potential of the ceric ion, (-'e.-- -. This has been measured by 
E. Baur and A. Gliiasner, and E. Milhlbach. The potential is greater than that of 
oxygen, so that acid .soln. behave as if they were supersaturated with oxygen; in 
alkaline soln., ceric soln. are not so readily reduced to the cerous condition, but 
cerous salts are readily oxidized to ceric salts. According to 0. A. Barbieri, in the 
cold, ceric sulphate, and ceric salts generally, oxidize nitrites without the evolution 
of gas: 2 Ce(S 04 ) 2 -|-KN() 2 i-H 20 -(' 02 ( 804 ) 3 +KNO 3 -IH 2 SO 4 . A volumetric 
process for the determination of nitrites has been based on the reaction. The efid- 
point is attained when the soln. becomes yellow with the first drop of the standard 
ceric sulphate. 

(leric sulphate is very soluble in water, and it forms a yellowish-brown soln. 
The .salt readily hydrolyzes so that the soln. is acidic, and when diluted or boiled, 
a pale yellow amorphous solid is preciiiitated. C. 6 . Mosander said that water 
dissolves only one part of the basic salt in 25,(XKI. R. J. Meyer and A. Aufrccht 
say that basic sulphate contains some cerous salt, but J. F. Simneer could find none. 
The speed of the hydrolysis is increased by raising the temp. Owing to hydrolysis, 
the colour of an aq. soln. of the ceric salt fades perceptibly. A freshly made soln. 
of ceric sulphate darkens immediately when sulphuric acid is added, because the 
hydrolytic action is reversed; but with an old soln. tha reversion takes place more 
slowly—possibly because the ageing of the product of the hydrolysis has made it 
leas reactive. For a similar reason, the addition of hydrogen dioxide immediately 
decolorizes a freshly prepared soln. of a ceric salt, but, as R. J. Meyer and E. Jacoby 
showed, with an old soln. a dark ted intermediate product is formed, and this is 
reduced more slowly. A. Benrath and K. Ruland discussed the oxidation of 
formic acid, methyl alcohol, acetic acid, tartaric acid and anthracene, by soln. of 
ceric sulphate ; oxalic acid; H 2 C 2 O 4 -f 2 Ce( 804)2 = 2COj + 0 ) 02 ( 804)3 -f H 2 SO 4 ;• 
hydrazine; 2 N 2 H 4 + 20 ( 804)2 = Nj + (NH 4)2804 + 02 ( 804 ) 3 ; hydroxylamine 
forms nitrogen and nitrous oxide; ^iiun thiosulphate forms the tetrathionate; 
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2 Naj 8 j 03 + 206 ( 804)2 = 062 ( 804)3 + Na 2804 + N 8284 OJ; sulphurous acid forms 
sulphuric and dithionic acid; and hypophosphorous acid forms phosphorous acid. 

R. Hermann reported the basic sulphates: 0 e 0 ( 804 ).H 20 , and later 80 e 02 . 7 S 03 . 
I 6 H 2 O, and 6 OeO 2 . 5 SO 8 . 5 H 2 O; J. 0. Q. de Marignac, 8 Ce 02 . 7 S 03 . 12 H 20 ; 
0. F. Banunelsberg, 4 OeO 2 . 3 SO 8 . 7 H 2 O, and 30e(S04)8.50e(OH)4. 0. Erk made some 
observations on this subject; he was able to extract all the sulphuric acid from the 
precipitate by the action of Wing water. 0. Hauser and F. Wirth have described 
two basic sulphates, 40 e 02 . 3803 . 12 H 20 , as a pale yellow crystalline substance 
obtained by keeping a dil. ice-cold soln. of ceric sulphate at 0“ for 24 hrs., and 
2 CeO 2 . 38 O 3 . 4 H 2 O, by similarly treating a sat. soln. of ceric sulphate. The latter 
product is readily soluble in water. J. F. Spencer varied the proportion of the acid 
and the cone, of the soln., and obtained only one solid phase— ceric oxysolphate, 
Ce 0 ( 804 ). 2 H 20 —which is a yellow amorphous powder, stable in contact with 
0’02Ar- to 0‘371V- sulphuric acid, but is further hydrolyzed by water apparently to 
the limit, ceric hydroxide. The compound is sparingly soluble in water. With 
soln. of greater acidity it is probable that autoreduction occurs. Attempts to 
make ceric oxysulphate by the action of acid on ceric oxide were not sucpessful. 

Ceric sulphate forms a number of complex salts. W. Hisinger and J. J. Berzebus* 
observed that when a little potassium hydroxide or potassium sulphate is 
added to a soln. of ceric sulphate, an orange-yellow precipitate is obtained which 
dissolves in water with difficulty. A hot, aq. soln. furnishes dark yellow crystals 
of potassium ceric sulphate, 2 K 2 S 04 .Ce(S 04 ) 2 . 2 H 20 . The salt was also made by 
0. F. Bammelsberg, R. Hermann, J. C. G. de Marignac, etc. T. Scheerer found 
that the sulphur-yellow double salt is precipitated when potassium sulphate is 
added to a soln. of ceric nitrate, but if the ceric nitrate soln. be previously boiled 
or mixed with hydrochloric acid, the precipitate is white. According to J. C. G. de 
Marignac, the monoclinic prisms have the axial ratios a:b: c=l'2160:1 : 2'0925, 
and p=100° 40'. According to W. Hisinger and J. J. Berzelius, when potassium 
hydroxide is added to a soln. of the salt, ceric hydroxide is precipitated, while 
ammonia, ammonium carbonate, or potassium carbonate precipitates ceric hydroxide 
mixed with some sulphate. When an acid soln. of eerie and ammonium sulphates 
is evaporated, the soln. deposits a crop of small yellow crystals, followed by a 
crop of monoclinic prisms, and both salts are ammonium cerio sulphates. Accord¬ 
ing to C. F. Bammelsberg, and D. I. Mendel4efi, the formula of the yellow salt is 
3 (NH 4 ) 2 S 04 . 2 Ce(S 04 ) 2 . 3 H 20 —a recalculation of the analysis gave 2 (NH 4 ) 2804 . 
06 ( 804 ) 2 . 2620 —and that of the orange-yellow salt, 3 (NH 4 ) 2804 .Ce(S 04 ) 2 . 4 H 20 . 
G. Qeipel found the axial ratios of the monoclinic prisms to be a:b:c 
==0'6638 ; 1: 0’7838, and P—%° 44'. Observations were also made by J. Schabus. 
The double refraction is positive. V. Cuttica made sodium ceric sulphate, 
2 Na 2804 . 0 e( 804 ) 2 , in orange-yellow prismatic crystals. No signs of a lithium 
salt were observed. M. E. Pozzi-Escot obtained an orange-yellow crystalline 
precipitate of silver ceric sulphate, 3 Ag 2 .S 04 . 5 Ce( 804 ) 2 , by adffing silver nitrate 
to a strongly acid soln. of cerio sulphate. The salt slowly hydrates, forming the 
dihydrate, and it is decomposed by boiling water. V. Cuttica obtained the same 
salt; also orange-red, prismatic crystals of thallium cerio sulphate, 2 TI 2 SO 4 . 
Ce(S 04 ) 2 ; and a complex salt with guanidine sulphate. Cerons cerio sulphate, 
and B. Brauner's lanthanum cerio sulphate, praseodymium cerio sulphate, 
and neodymium cerio sulphate, are described above as derivatives of bydrosui- 
phatoceric acid. 

RSrSKBNOXS. 
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§ 17. The Carbonates of the Cerium Metals 

The high basicity of the rare earths is shown by the ready formation of their 
carbonates. The hyciroxides of the rare earths absorb carbon dioxide from the atm., 
and from water, thereby forming granular powders. L. N. Vauquelin i found that 
the precipitate produced in cerous salts by the addition of an alkali carbonate, is, 
when dried, a white voluminous powder with a silvery lustre; and A. Beringer, 
S. Jolin, and C. Czudnowicz showed that the white amorphous flakes, which are pre¬ 
cipitated by ammonium carbonate, after standing in the liquid for about three days, 
change into shining crystalline scales. Analyses by L. N. Vauquelin, M. H. Klaproth, 
W, Hisinger, and A. Beringer correspond with pentahydrated cerous carbonate, 
CcjICOsls.hHjjO. P. T. Cleve also obtained the rare earth carbonates in a crystalline 
form by passing a current of carbon dioxide through water in which the rare earth 
hydroxide is suspended. J. Preiss and A. Dussik found that the normal 
carbonates of this family can be obtained only by precipitation of a soln. of the 
salt with a soln. of alkali hydrocarbonate sat. with carbon dioxide; the normal 
alkali carbonates furnish basic salts. C. Q. Mosander produced shining crystalline 
scales of la n t hm u m carbonate, La2(C03)3.3HjO,by a process similar to that employed 
by A. Beringer for cerium carbonate. P. A. Bolley said that crystalline scales arc 
precipitated from a hot soln., while in the cold, a horny gelatinous mass, resembling 
aluminium oxide, is produced; when dried at 100°, the composition is La2(C03)3.H20. 
This carbonate was also obtained by R. Hermann, and P. T. Cleve. The octohydrate 
occurs in nature as lantha'nite, La3(C08)3.8H30, q.v. C. von Scheele made prSMO- 
djmlnm carbonate, Pr{(C03)3.8H30, in green silky plates, by the action of carbon 
dioxide on the hydroxide suspended in water, or by precipitation with ammonium 
carbonate. R. J. Meyer made light red neodyminm oaAonate in a similar way; 
and P. T. Cleve prepared yellow needle-like crystals of samaiinm caibottl^ 
Sa,(C08)8.3H20, by the action of carbon dioxide on the hydroxide, suspended in 
water; but not by the addition of alkali carbonates to a soln. of a samarium salt, 
because double carbonates are precipitated. Samarium carbonate is insoluble in 
water, and loses 2H3O at 100 . J. Preiss and oo-workers studied the thermal 
dissooiation of the praseodymium, neodymium, and lanthanum carbonates, and 
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found a step by step dissociation from the nonnal carbonate, M2(COj)s, to the 
ozydicubonate, M^OfCOg):, between 35(1' and 550° and to the tiozymonootfbonnte, 
MjOjOs, between 800° and 905°. 

The properties of laulhanile have already been discussed. The mineral hasln&sile 
((/.V.) is regarded as lanthanum fiaocarb<maie. P. T. Cleve, and ('. Morton have 
also discussed the preparation and propertiesof didymiumcarbonale. DijlC’Ojlj.SHjO. 
According to W. Hisinger and J. J. Berselius, cerous carbonate' can be gently ignited 
without decomposition, but at a higher temp., cerosoceric oxide, carbon monoxide 
and dioxide are formed; and, if ignited with access of air, ceric oxide is formed. 
C. 6. Mosander said that the carbon dioxide can be all expelled from lanthanum 
carbonate by long-continued ignition. L. N. Vauquelin noted that cerous carbonate 
is insoluble in water and in aq. carbon dioxide. P. H. M. P. Brinton and ('. ilames 
measured the hydrolysis of many of the carbonates of the rare earths by boiling them 
with water for different periods of time, and measuring the ratio of the amount of 
carbon dioxide given off to the total carbon dioxide originally present in the system ; 


Hours boiling 

. 0-,') 
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10 

27-9 

15 

28-0 

20 2-5 3-0 

35 

Cej((X)3)3 
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35-4 

37-8 

39-5 40 8 42-4 
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which shows that the order of basicity is in accord with Pr, Nd, La, Oe, and Sa. 
Lanthanum and cerous carbonates behave abnormally. When the precipitated 
carbonates are allowed to stand in contact with a cone. soln. of an alkali carbonate, 
they are transformed into double carbonates; and the double carbonates can be 
precipitated by adding, drop by drop, a cone. soln. of a rare earth salt to a cold 
cone. soln. of an alkali carbonate. 

S. Jolin described sodium ceroua carbonate, aNaaOOs.dejlCOslj.'iHaO, as an 
amorphous powder obtained by pouring a soln. of a cerous salt into a boiling soln. 
of sodium hydrocarbonate. R. .1. Meyer, and W. Hiller poured a cone. soln. of 
cerous chloride into a cold sat. soln. of sodium carbonate, and obtained a gelatinous 
precipitate which, after standing in contact with the mother liquid, acquired a 
crystalline structure. The composition was 3Na2C()3.2('e2(C03)3.24H20. The 
salt decomposed in contact with a dil. soln. of sodium carbonate, and is virtually 
insoluble, in a cone, soln. W. Hiller, R. .1. Meyer, and 0. Arnold showed that, in 
general, the double carbonates of the cerium earths are slightly soluble in conc.koln. 
of sodium or ammonium carbonate, but readily soluble in a cone. soln. of potassium 
carbonate ; the order of increasing solubility is La, Pr, Ce, and Nd. R.,J. Meyer 
prepared gelatinous sodtum lant h ft lt u m cftrboufttu, 3Na2CO3.2La.3{CO3)3.20H2O, bj 
adding an aq.soln. of lanthanum chloride to one of the alkali carbonate; similarly also 
with amorphous sodium ptaseodymoim carbonate, 3Na2C03.2Pr2(C08)8.22H20 ; 
amorphous pale red sodium neodymium carbonate, 3Na2C08.2Nd2(C'03)8.22H20 ; 
and, according to P. T. Cleve, with hydrated sodium samarium carbonate, 
Na2C03.Sa2(C03)3.16H20. F, Zambonini and 6. Carobbi found these five double 
carbonates arc easily obtained crystalline, with the general formula M2(C08)8. 


Na2C08.12H80. ^ . , 

Owing to the solubility of the double carbonates of the rare earths m a cone. soln. 
of potassium carbonate, the potassium salts are best made by adding the rare earth 
chloride to an excess of a cone. soln. of potassium carbonate, warming to di^lve 
the precipitate, cooling, and diluting slightly. R. J* Meyer prepared potainiw 
cerous carbonate, KjCOs.CejiCOsjt.SHjO, by a somewhat rimilarpr<>ce«. 8. John 
reported needle-like crystals of the trihydrate, K2CO8.Ce2(C08)8.3H2O, to be formed 
by pouring a cerous salt soln. into a boiling soln. of potassium hydrocarbonate. 
R. J. Meyer said that the salt becomes pale yellow on exposure to air. He alrfo 
made silky crystals of potaigilua lanthanum oarixmate, KjCOa.La^lCOgla. 121^0: 
small needle-like crystels of p(rtilltiun snaeodrmli^ cartwiata, KjCOi-PriiCOsH 
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I 2 H 2 O; and rosette groups of needles of* potastdom neodymitun oaibon^, 
KaC08.Nd2(C0,)8.12H20, in a similar way. The potassium salts of praseodymium 
and neodymium carbonates were also obtained in needle-like crystals by the slow 
evaporation of their soln. in one of potassium carbonate. P. T. Cleve made 
potassiain samaiiom caibonatei K 2 C 03 .Sa 2 {C 03 ) 3 . 12 H 20 , in a similar way. 

R. J. Meyer, and W. Hiller prepared ammoniom cerous carbonate, 
(NIL) 8 C 03 .Ce 2 (C 08 ) 3 . 6 H 20 , as a voluminous precipitate, by treating a soln. of 
cerous chloride with an excess of a soln. of ammonium carbonate; on standing in 
contact with the mother liquid for some time, the salt becomes crystalline. The 
double salt is only slightly soluble in an excess of the precipitant; and it acquires 
a yellow colour on exposure to sir. They also obtained crystalline ammonium 
lantbanom carbonate, (NH 4 ) 2 C 0 a.La 2 (C 03 ) 3 . 4 H 20 ; bright green crystals of 
ammonium praseodymiom carbonate, (NH4)2C08.Pr2(C03)3.4H20; and regular 
prisms of ammodum neodymium carbonate, (NHaijCOa.NdalCOala.lHaO. 
P. T. Cleve also obtained crystalline ammonium samarium carbonate, 
(NHalaCOa.SaaiCOala.ldHaO, in a similar way. The mineral pariaite [q.v.) can 
be regarded as a c^cium lanthanum carbonate. 

It has not yet been possible to make ceric carbonate. W. Hisinger obtained 
a yellow gelatinous precipitate of what is thought to be basic ceric carbonate, 
by double decomposition between a ceric salt and an alkali carbonate. The precipi¬ 
tate dissolves in a cone. soln. of potassium carbonate; the yellow soln. is stable 
in air, but, according to A. Job, may be oxidized with hydrogen dioxide. C. Engler 
and co-workers represent the formula graphically : 


/O.CO.Os 
Ce(-O.CO.O-)Ce 
^O.CO.O^ 

C«roui oarlKtnaio, 


/O.CO.O, 

HO.CeeO.CO.O^Ce.OH 

\o.co.o/ 

Basic ceric carbonate. 


A. .Job also reported that two ceric oxycarbonates, 2Ce02.3C02, and 2Ce02.C02— 
contaminated with potassium carbonate—are obtained by heating potassium percerie 
carbonate to 240° and 360° respectively. When hydrogen dioxide is added to a 
soln. of cerous carbonate in a cone. soln. of potassium carbonate, oxidation occurs, 
and a blood-red colour is developed. With increasing proportions of hydrogen 
dioxide, the intensity of the coloration increases to a maximum, further additions 
weaken the tint, and deposit an orange-yellow or reddish-brown precipitate. All 
the eerium may be so removed from the soln. A similar soln. can be obtained from 
ceric carbonate by oxidation with hydrogen peroxide. The precipitate is thought 
to be an unstable cerium tetroxide, Ce 04 , but it has not yet been studied in detail. 
When covered with a cone. soln. of potassium carbonate, oxygen is slowly evolved, 
and blood-red crystals of poccric pontssium carbonate, Ce208(C03)3.4K2C08.12H20, 
ate produced. E. Baut attributes the formula Ce2O4(CO3)2.4K2CO3.10H2O to the 
crystals. 

The ted soln. is supposed to contain percerie carbonate, a derivative of cerium 
trioxide, CeOs, and when the colour has acquired its maximum intensity all the 
cerium is thought to be in the percerie form. C. Engler and co-workers represent 
the formation of the percerie carbonate by the equation: 


DiH HOiOH HOO. O 

(CO,)a/ .+. >e,(C0,),-)-0<^>Ce,(C0,),-fH,0 

^olii HOjOH HOO^ 

A. Job prepared the soln. by the interaction of ceric ammonium nitrate and hydrogen 
dioxide in a cone. soln. of potassium carbonate. He found that the soln. wn be 
kept several months without alteration; and, by spontaneous evaporation at 
ordinary temp., it furnishes blood-red crystals of potassium percerie carbonate. 
When this substance is dissolved in dil. sulphuric acid, it yields carbon dioxide, 
oxygen, hydrogen dioxide, and potassium cerous sulphate. A brown liquid having 
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ill the ohawteristioB of a eoln. of a ^rcerio salt is obtained on dissolving the double 
oaibonate in a dil. eoln, of potassium carbonate. The crystals of the double car¬ 
bonate become anhydrous when heated to 110 °, but undergo no further decomposi¬ 
tion when the temp, is raised to 200 "; at 210 °, evolution of oxygen commences, 
and as the temp, rises, the rate of evolution increases; at 300°, carbon dioxide is 
liberated, and the decomposition is complete in one hour at 360°; the Ksidue then 
consists of a yellow ceric potassium carbonate having the composition CcjQj.CQj. 
4K^CO|. The double perceric carbonate is also produced, together with the yellow 
cenc salt by agitating a soln. of cerous nitrate and potassium carbonate in the 
presence of atm. oxygen. C. C. Meloehe modified the method of preparation. 
Instead of working in cone, potassium carbonate soln., he found it advantageous 
to pass a stream of carbon dioxide through the potassium carbonate soln. until a 
large part of the potassium was removed as the hydrocarbonate. The filtered 
liquid, when kept at 5° lor 24 hrs., deposited ruby-red crystals. His analysis 
corresponded with 0 ej 04 (C 03 ) 2 . 4 K 2 C 03 . 12 H 20 . This product loses part of its 
water when exposed to dry air; and may be almost completely dehydrated at. 
110 °- 120 ° without losing available oxygen. 

In alkaline soln., the potassium perceric carbonate has three gram-atoms of 
available oxygen for two gram-atoms of cerium, but in acid soln., only onc-tliird 
this amount of oxygen is available. 0. C. Meloehe hence infers that it is impossible 
lor perceric compounds to exist in soln. with free mineral acids, and he found that in 
contact with water the salt is rapidly hydrolyzed. He infers that in order to make 
the oxygen available in the nascent form when in the presence of an acid, contact is 
necessary as in the case of the nascent hydrogen liberated by the action of metals 
on dil. hydrochloric acid. The loss of oxygen by the acid treatment is explained by 
representing the reaction : 2 Ce 03 -f 3 H 2 S 04 ~Ce 2 (S 04 ) 3 -|- 02 -l-H 202 -|- 2 H 20 ; where 
the production of oxygen by autoreduction is regarded as an intramolecular process, 
so that oxygen is evolved in the molecular, and not in the atomic state. It is inferred 
that there are two atoms of peroxide oxygen in perceric compounds because if three 
atoms were present more than one molecule of hydrogen peroxide would probably 
remain in soln. after treatment with cold dil. sulphuric acid. If only one atom of 
peroxide oxygen were present, it is improbable that any hydrogen peroxide would 
remain after treatment with acid, since the following reaction takes place quanti¬ 
tatively; 2 Ce(S 04 ) 2 -fH 202 =Cc 2 (S 04 ) 8 -f 02 -fH 2 S 04 . The presence of peroxide 
oxygon is indicated qualitatively by the following reactions: When a 10 per cent, 
soln. of the perceric potassium carbonate in 23 per cent, potassium carbonate Sbln. 
was treated with a cone, potassium carbonate soln. of potassium ferriejranide, 
potassium permanganate, potassium manganate, potassium hypochhiritc, or 
potassium hypobromitc, a lively evolution of oxygen was observed. Likewise, 
when a 10 per cent. soln. of the same compound in sat. potassium bicarbonate soln. 
was treated with lead dioxide, oxygen was evolved. It is inferred that the peroxide, 
oxygen in potassium perceric carbonate is not present as hydrogen peroxide because 
of the stability of the compound at II 0°-l 20°. 

While a soln. of ceric carbonate in one of potassium carbonate is stable in air or 
oxygen, an aq. soln. of cerous carbonate is autoxidized, for it absorbs oxygen and 
forms perceric, not ceric, carbonate: 062 ( 003 ) 3 -f 2 H 2 O-l-O 2 =Ce 2 ( 0 O 3 ) 8 (OH) 2 -)-H 2 O 2 . 
The perceric carbonate so produced reacts with the unchanged cerous carbonate, 
forming ceric carbonate. 0. Bngler and co-workers showed that by varying the 
conditions, the relative speeds of the two reactions can be modified. Cerous car¬ 
bonate may thus act as a catalytic agent or as a carrier of oxygen in the oxidation 
of various substances by sir. In this reaction the acceptor should be able to reduce 
both the perceric and ceric carbonates to the cerous states; if it can reduce only the 
perceric carbonate to the ceric state, the reaction ceases when all the cerous salt 
has been oxidized to the ceric state. ' 

C. 0. Meloehe prepared ruby-red crystals of rabulilim pneeric OlHnnate bj 
a method similar to that employed for the potassium salt, but the salt was not 
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an&lyzed. The rubidium salt is less readily hydrolyzed than the potassium salt; 
and oxygen is liberated by its soln. in contact with lead dioxide. A soln. of 
ammo&iom perceric carbonate was obtained by a similar process, but the salt 
could not be crystallized from the liquid. The soln. is less stable than that of the 
potassium compound, and decomposes when kept with the formation of a yellow 
deposit-presumably a ceric oxycarbonate. It was not possible to prepare Bodiom 
pncerio carbonate by the method used for the potassium compound—pre¬ 
sumably owing to the lower solubility of the sodium carbonate—but if the dark 
red soln. of perceric ammonium carbonate is treated with excess of solid sodium 
carbonate and the soln. evaporated slowly in vacuo, well-formed crystals of perceric 
sodium carbonate of the composition Ce2O4(CO3)2.4Na2CO3.30H2O, are obtained. 
It is only sparingly soluble in cold water and effloresces in dry air. Contact with 
moisture above 0° results in hydrolysis, and with larger quantities of water the 
crystals are completely decomposed with the formation of a gelatinous, orange-red 
precipitate. 
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§ 18. The Nitrates o! the Cerium Metals 

The pitrates of the rare earths are readily obtained in soln. by dissolving the 
sesquioxides, hydroxides, or carbonates in nitric acid; or by the oxidizing action 
of hot cone, nitric acid on the oxalates. As a rule, the evaporation of the aq. 
soln. furnishes the hexahydrated salt. J. J. Berzelius > prepared colourless tabular 
crystals of ceroos nitrate, CefNOslg.CHjO, by evaporating a soln. to a syrupy 
consistency ; A. Beringer could not get his soln. to crystallize ; and L. N. Vauquelin 
obtained crystals only from acidified soln. S. Jolin, and T. Lange prepared a soln. 
of cerouB nitrate by double decomposition of cerous sulphate and barium nitrate; 
and if cerous oxide or oxalate and nitric acid is used, they recommend the addition 
of some hydrogen peroxide as reducing agent. A mol of the hexahydrate loses 
three mols of water at 100°, and at 200° it begins to decompose. In general, when 
the attempt is made to prepare the anhydrous rare earth nitrates by heat, basic 
nitrates are produced. E. Lfiwenstein measured the vap. press, of cerium nitrate 
crystals and found evidence of the hexa-, tetra-, and mono-hydrates. J. C. 6. de 
Mari^ac and C. 0. Mosander prepared large crystals of llUlthMinm nitrate, 
La(N 08 ) 3 . 6 Hi 0 , by the spontaneous evaporation of the aq. soln,; a mol of the salt 
doses five mols of water when confined over cone, sulphuric acid. E. LSwenstein 
measured the vap. press, of lanthanum nitrate crystals and found evidence of the 
hexa-, tetra-, and mono-hydrates. By similar processes, C. von Scheele prepared 
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lar^ gmn ne^les of praseodymiom nitn^ Pr(N0a)s.6Hj0; G. Bodman, 
NdfROsla-eHaO; and P. T. Cleve, sunaiitun nitnie, 
Sa(K 03 ) 3 . 6 H 20 , of sp. gr. 2*375 at 20*4°. 

The hexahydrates all crystallize in the triclinio system ; according to A. Fock, 
the axial ratios and angles of the cerous salt are o; 6; e=0-8346:1:0-6243, and 
0=78“ 54', ^=102'’ 9', and 7=92° 3'; for the lanthanum salt, J. C. 0. de Marignao 
gave 0:5: c=0-8345:1:0-6215, and a=^79° 12', (8-101° 58', and y=92° 18'; 
and H. Topsoe gave for the didymium salt, a:b\ c=2-4036:1:18597, and a=69° 6', 
30, and 7=92° 47J . Hexahydrated lanthanum and neodymium nitrates 
were shown by G. Bodmann to be isodimorphous with bismuth nitrate. J, 0. G. do 
Marignac said that the crystals of cerous nitrate are debquescent, but 8. John said 
this is not the case. K. Jauch found the sp. lit. of soln. of N eq. of lanthanum 
and samarium nitrates to be; 


^ 0-6 1-U 2-0 3-0 4-0 

Sp. ht. Lasall . . 0-930B 0-8880 0-8030 0-7321 0-0688 

Sp. lit. Sa salt . . 0-9430 0-8900 0-8160 0-7610 

W. W. Coblentz studied the ultra-red transmission spectra of the nitrates of 
lanthanum, praseodymium, and neodymium. W. Mutliniann measured the electrical 
conductivity, A, of soln. containing a gram-oq. of the salt, JLalNOjlj, in o litres, and 
found, at 25°: 


” . 32 04 128 260 612 1024 

A . . 98-0 105-4 112-8 118-1 124-1 1206 

where the value Aiojj—A3jj=28. A. A. Noyes and J. Johnston found for the per¬ 
centage ionization, a, at 35°: 


V . 5-00 10-00 20-00 80-00 600 0 of 

o . . 58-0 04-4 70-0 80-4 90-4 100 

A. A. Noyes and K. G. Falk, and 0. N. Lewis and G, A. Linhardt studied the ioniza¬ 
tion of soln. of lanthanum nitrate. 

A. Heydwcillcr gave the sp. gr. and electrical conductivities of soln. of lanthanum 
and samarium nitrates. G. N. Lewis and M. Randall calculated the activity eoeft. 
of soln. of lanthanum nitrate. A. C. Neish and J. W. Burns measured the hydrogen 
ion cone, of pJ-iV-soln. of the nitrates of some rare earths, and found the order to 
to be thorium, cerium(ic), neodymium, praseodymium, cerium(ous), and lanthanum. 
J. H. Hildebrand titrated soln. of praseodymium and neodymium nitrates with Jbln. 
of sodium hydroxide, and measured the c.m.f. of the soln. during the operation 
against a normal hydrogen electrode. These nitrates are all readily soluble ip water; 
according to (!. James and 0. F. Whittemore, 100 grms. of water at 25° dissolve 
151 1 grms. of hexahydrated lanthanum nitrate, and, according to 0. James and 
J. E. Robinson, 152-9 grms. of neodymium nitrate. According to 0. L. Barneby, 
these nitrates are also soluble in acetone, and in alcohol; according to 
L. N. Vauquelin, 100 parts of alcohol dissolve 60 parts of cerous nitrate. The solu¬ 
bilities are usually diminished by the addition of nitric acid, and the pentahydrates 
usually separate from nitric acid of sp. gr. 14. E. Demarjay gave 78°-79° for the 
m.p. of the yellow needles of hexahydrated samarium nitrate. C. James and 
C. F. Whittemore measured the solubility of lanthapum nitrate in aq. soln. of 
lanthanum oxalate; H. Freundlioh and E. Lbning studied its effect on a colloidal 
silver soln. G. L. Clark made fanthanam hOTamminonitrate, LalNHslsiNOj),, 
by the action of ammonia at 43° on the hexahydrated nitrate. 

According to G. Wyroubofi and A. Vemeuil, crystals of onoiu tulpbatonitrato, 
Ce(N 0 |)(S 04 ).H 20 , separate when a soln. of cerous sulphate in cone, nitric acid is 
evaporated on a steam-bath. C. James and C. F. Whittemore studied the ternary 
system, lanthanum oxalate, lanthanum nitrate, and water at 25°, and found that thd 
henahydrated lanthanum oxalate, LnifCjO^lj.llHjO, is not stable at this temp, 
in contact with the nitrate; the solubility curves show the existence of toe 
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octob/drate, the pentabydrate, and the trihydrate, but no lanthanum oxalatonitrate 
appears to be stable at this temp, though one might exist<at a higher temp. The 
observed results are summarized in Fig. 23. A similar examination by C. James 
and J. E. Eobinson of the ternary system, neodymium oxalate, neodymium nitrate, 
and water, at 25°, shows the existence of henahydrated neodymium oxalate, and 
neodymium oxalatonitrate with Nd 2 (C 204 ) 3 . 2 (or 2 i)Nd(NOs) 3 . 2 iHiO, as illustrated 
in Fig. 24. 

The cerium family of metals forms double nitrates with many other metals. The 
general method of preparation is to dissolve the two nitrates in cone, i^itric acid, 



Fia. 23.—Mutual Solubility of Lanthanum Fio. 24.—Mutual Solubility of 
Oxalate and Nitrate. Neodymium Oxalate and Nitrate. 


and evaporate until crystals are formed. G. Wyroubolf found that with the excep¬ 
tion of the sodium salt, if soln. of the double nitrates with the alkali metals are 
evaporated over 70°, the anhydrous salt is obtained, hut 6. Jantsch and S. Wigdoroff 
could not confirm this observation. According to T. Lange, when a mixed soln. of 
cerous and sodium nitrates is evaporated, slender needle-like crystals of sodium 
Cflioas nitrate, 2 NaN 03 . 0 e(N 03 ) 3 .H 20 , are formed. G. Jantsch and S. Wigdoroff 
found that double salt is not completely dehydrated at 160°. The sp. gr. 
is 2 65 at 0°H°. The last-named also made sodium lanthanum nitrate, 
2NaN08.La(N03)j.HjO, in white slender needles of sp. gr. 2 63 at 0°/4°; and the 
salt is not completely dehydrated at 160°. G. Wyrouboil said that the monoclinic 
crystals have the axial ratios o; 5; c=l'9970:1; 0'7678, and j3=90° 32'. C. von 
Scheele said that sodium praseodymium nitrate, 2 NaN 03 .Pr(N 03 ) 3 .H 20 , crystal¬ 
lizes in small deliquescent needles. T. Lange made potassium cerous nitrate, 
2 KN 03 .Co(N 03 ) 3 . 2 H 20 , and found that the crystals are completely dehydrated 
at 180°. According to A. Book, the formula is 2 KN 03 .C'c(N 03 ) 3 . 1 JH 20 ; and the 
crystals are rhombic pyramids with axial ratios a.b: c=0'6227; 1:0’5704. 
Similarly for potassium lanthanum nitrate, A. Fock^avc 2 KN 03 .La(N 03 ) 3 . 1 JH 20 , 
and found the rhombic crystals to have the axial ratios a:b: c=0'5220:1; 0'57I2. 
G. Jantsch and S. Wigdotofl found the white, slender, hygroscopic needles are 
dihydrated; they have a sp. gr. 2 54 at 0°/4°; and ate dehydrated at 60°, 
G. Wyrouboff, and G. Jantsch and S. Wigdotofi made ruiddium cerous nitrate, 
2RbN08.Ce(N03)8.4H20. It forms hygroscopic, needle-like crystals belonging to the 
monoclinic system, with axial ratios a:b: c=l'2298:1:0'9910, and 8=101° 16'; the 
sp. gr. is 2'497 at 0°/4°; the m.p. is 70°; and the crystals are dehydrated at 60°. 
G. WyrouboS, and G. Jantsch and B. Wigdoroff obtained rubidium lantbannm 
nitrate, 2RbN0a.La(N08)8.4H20, by evaporation from a soln. containing lanthanum 
and rubidium nitrates in the molar proportions 1:4. The monoclinic crystals have 
the axial ratios aib: c=l’2349; 1:0 9888, and (8=101°; the sp. gr. is 2-497 at 
0°/4°; the m.p. 86°; and the crystals are dehydrated at 60°. If the lanthanum 
and rubidium nitrates be in the molar proportion 1:2, colourless plates of rubidium 
lasthe&amhpdrunitntie, BbN 03 .La(N 08 ) 8 .HN 03 . 6 H 20 , appear in colourless plates 
which lose their nitric acid, and five-sixths the water at 120°; the product 
RbN08.La(N08)a.H20 is not dehydrated at 200°, and its sp. at. is 2-377 at 0°/4°. 
Q. von Scheele, and G. Jantsch and S. Wigdoroff made luU&m prutodpmium 
nltrats, RbNOs.PrfNOals-dHiO, in green, hygroscopic, monoclinic crystals; which 
have a sp. gr. 2-60 at 0°/4°; and imp. 63-6°; and are dehydrated at 60°. Similarly 
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nUdiam ntodymitun nltnte. RbNO,.Nd(NOj)s.4HjiO, furnishes bright reddish- 
violet pistes which, according to Q. Wyrouboff, have the axial ratios a:b:c 
=1‘2278:1:1’OlfiS, and /S=1(X)° 29'. The sp. gr. is 2'56 at 0°/4°; and the m.p. 
47®. The salt is dehydrated at 60®. The temp, at which the above com¬ 
pounds melt in their water of crystallization decrease with increasing at. wt. of 
the rare earth metal. According to G. Wyrouboff, the nitrates of the tyiw 
2M'N08.R(N0 j)8.4Hj 0, are isomorphous. G. Jautsch and S. Wigdoroff, and 
6. Wyrouboff prepared casdam oerous nitrate, 2C8N0s.Ce(N03)3.2H80, in mono- 
clinic prisms, with axial ratios o: 6: c=l'2052:1:0-9816, and J3=103° 41'; 
similarly, offidom lanthanum nitrate, 2 CsN 03 .La(N 03 ) 3 . 2 H 30 , forms small, tabular, 
monoclinic crystals with axial ratios a: b: c-“l'a)52:1:0-9663, and j8=io3° 26'; 
the sp. gr. is 2-827 at 0°/4®. 

H. Wolff prepared ammoniom oerous nitrate, 2Nll4NO3.Cc(N08)3.4H30, by 
crystallization from a mixed soln. of ammonium and cerous nitrates, 'fliis double 
salt is stable in the interval of temp, between 9° and 65®, and it can be recrystallized 
from water with change. A. des Oloizeaux, J. 0. G. de Marigiiac, A. Kock, and 
G. Wyrouboff have examined the crystals. According to A. Fock, the monoclinic 
crystals have the axial ratios a: 6 :c=l-2321:1; 2 1696, aiid;8=112°45',and they 
are isomorphous with the corresponding salts of lanthanum and didymium. The 
double refraction is negative. The salt melts in its water of crystallization at 74°. 
According to H. Wolff, 100 grins, of water dissolve 

8S“ 45" 80“ 05-08' 

arms. aNHjNOj.CefNO,), . . 410-2 C81-2 817-4 

and if u> denotes the percentage amount of the anhydrous salt, the solubility at 9° 
between 25° and 65° is M)=68-7+1729-f0-00-292. M. Holzmann obtained 
3NH4N03.2 Cc(N 03)3.12H80 by crystallizing a soln. of the component salts at 0°. 
According to H. Wolff, when this salt is rccrystallized from water, it furnishes 
2 NH 4 N 03 .Ce(N 03 ) 3 . 4 H 20 . J. C. G. de Marignac, A. des Oloizeaux, H. Dufet, 
E. H. Kraus, and G. Wyrouboff prepared ammonium lanthanum nitrate, 
2 NH 4 N 03 .La(N 03 ) 3 . 4 H 20 , and found the monoclinic, prismatic crystals were iso¬ 
morphous with those of cerium (ous) and didymium. E. H. Kraus gave for the 
axial ratios a:b: c=l-2476 :1: 2-1863, and /8=U2° 36'; and the sp. gr. 2136. 
The double refraction is strongly negative. 0. Holmherg found that 100 grins, of 
water at 15° dissolve 181-14 grins, of 2 NH 4 N 03 .La(N 03 ) 3 . 0. von Schccle prepared 
ammonium praseodymium nitrate, 2 NH 4 N 03 .Pr(N 03 ) 3 . 4 H 20 , in large dclhiucscynt 
crystals of sp. gr. 2155; and 0. A. von Welsbach, ammonium neodymium nitrate, 
2NH4N03.Nd(N03)3.4H80. 

A. Kolb and co-workers reported complex salts of cerous nitrate with |,yridirie, quinoline, 
and piperidine; and of lanthanum nitrate with pyridine, antipyrino, and quinoline. 
G. A. Bacbieri and F. Calzolari made a complex salt of lanthanum and neodymium nitrates 
and hexamethylenetetramine. 

G. Jantsch and'S. Wigdoroff prepared thallous oerous nitrate, 2TlN08.Ce(N08)8. 
4 H 2 O, in hygroscopic crystals of sp. gr. 3'326 at 0°/4°, and m.p. 64 5°. The salt is 
dehydrated at 60°. They also made hygroscopic crystals of thallous lanthanum 
nitrate, 2TlN08.La(N08)8.4H80, of sp. gr. 3 318, and m.p. 72°. The salt is 
dehydrated at 100°. 

The magnesium, zinc, manganese, cobalt, and nickel rare earth nitrates of the 
general formula 3M"(N08)2.2R(N08)8.24H20, have been investigated by many. 
They form an extended isomorphous series crystallizing in the trigonal system. 
They are also isomorphous with the ootrespondmg bismuth complex salts. While 
the double nitrates of the alkali metals are obtained from acidified soln., these 
salts, with the exception of the gadolinium series, can be obtained from oeutral 
soln. T. Lange, M. Holzmann, and C. F. Rammelsberg prepared magneiinm 
fMtoni nitrate, 3Mg(N08)2.2Ce<N08)8.24H20, in trigonal crystals with the axial ratio' 
-a: col : 1-6378. The crystals were also examine by A. des Cloizeauz, L. Carina, 
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C. F. Rftmmekberg, and G. Geipel. The double refraction is feebly negative. 
G. Jantsch gave for the magnesium series: 



U 

Ce 

Pr 

Nd 

8a 

Sp. gr. (0”/4”) 

Mol- vol. 

1*988 

2*002 

2-019 

2-020 

. 2*088 

. 788*3 

784*2 

768-0 

761-2 

742*4 

Melting point 

Molar solubility . 

. 113*6® 

111*6® 

111-2” 

109-0” 

96*2® 

0 0418 

0*0382 

0-0503 

0-0635 

0*0583 


where the molar solubility refers to the mols of salts dissolved by a litre of nitric 
acid of sp. gr. 1-325 at 1674°. M. Holzmann prepared magnesium lanthanum 
nitrate, 3Mg(N03)2.2La(N0s)3.24H20; and G. Jantsch, large leek-green crystals 
of magnesium praseodymium nitrate, 3Mg(N03)2.2Pr(N03)3.24H20; B. Demaryay 
prepared magnesium neodymium nitrate, 3Mg(N03)2.2Nd(N03)3.24H20; and 
magnesium samarium nitrate, 3Mg(N03)2.2Sa(N03)8.24H20. T. Lange, and 
H. Zschiesche prepared zinc cerous nitnte, 3Zn(N03)2.2Ce(N03)3.24H20, in 
deliquescent trigonal crystals which, according to A. Fock, have the axial ratio 
a: c=l: 1-5677. The double refraction is negative. G. Jantsch gave for the 
zinc series : 

la C!o Pt N<l 8a 

Sp. gr. (0''/4°) . . 2-161 2-188 2-216 ' 2-208 2-283 

Mol. vol. . . . 763-8 766-6 761-0 750-0 732-8 

Melting point . . 08-0" 02-8° 01-6“ 88-6“ 76-6” 

Molar solubility . . 0-0761 0-0676 0 0888 0-1066 0-2179 

vide supra for the term molar solubility. A. Damour and H. St. C. Deville prepared 
zino lanthanum nitrate, 3Zn(N03)2.2La(N03)3.24H20. G. Jantsch made zinc 
praseodymium nitrate, 3Zn(N03)2.2Pr(N03)3.24H20, in large, tabular, yellowish- 
green crystals; zinc neodymium nitrate, 3Zn(N03)2.2Nd(N03)3.24H20, in small 
reddish-violet crystals; and zinc samarium nitrate, 3Zn(N03)2.2Sa(N03)3.24H20, 
in large violet crystals; and another zinc samarium nitrate, 3 Zn(N 03 ) 2 .Sa(N 03 ) 3 . 
24 H 2 O, in large topaz-yellow crystals. 

Normal cerio nitrate, Cc(N 03 ) 4 , has not been prepared. When a soln. of ceric 
hydroxide in cone, nitric acid in the presence of calcium nitrate, is evaporated, 
V. von Lang and L. Haitinger obtained red monoclinic prisms with axial ratios 
a'.b: c—1-7834 :1:1-0465, and j3=90° 48'. The favourable action of calcium nitrate 
on the crystallization is probably due to its lowering the solubility. The composi¬ 
tion of the red crystals corresponds with ceric hydrozynitrate,Ce(OH)(N 03 ) 3 . 4 JH 20 , 
qr,'8ccotding to R. J. Meyer and R. Jacoby, Ce( 0 H)(N 03 ) 3 . 3 H 20 . When this salt 
is dissolved in water, the yellow liquid has an acid reaction, and in consequence of 
a progressive hydrolysis, the colour gradually deepens; by adding nitric acid to 
a freshly prepared sOln., the colour becomes dark red, but a soln. which has stood 
a long time at ordinary temp., or one which has been boiled, is only gradually 
darkened by nitric acid. When hydrogen dioxide is added to a freshly prepared 
soln. of ceric nitrate, the salt is immediately reduced and the soln. decolorized; 
but with an old soln. or one that has been boiled, the liquid first acquires a deep red 
colour owing to the formation of a higher oxidized salt, and it is then slowly 
decolorized by reduction. R. J. Meyer and R. Jacoby add that this behaviour is 
characteristic of cerio salts. 

In the old soln. or in spin, which have been boiled, hydrolysis has presumably 
made considerable progress, and a hydrosol is formed which coagulates when nitric 
acid is added, and virtually all the cerium can be precipitated as a hydrogel by adding 
sufficient acid. When the hydrogel is dried over potassium hydroxide, an amber- 
oolomed, horny, translucent mass is formed. Its composition is 4 CeO 2 .N 2 O 5 . 5 HjO; 
and in ooptact with sufficient water, a greenish soln. is obtained; if less water is used 
the liquid may appear opalescent. When the hydtosol is dialyzed nitric acid is 
lost, but the decomposition ceases when the ratio is about 28Ce(OH)4; NjOs- If 
hydrochloric acid be added to the hydtosol, the precipitated hydrogel has the com¬ 
position 4Ce02.2HC1.34H]0; and with sulphuric acid, dCeOj.SOj.SHjO. The 
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kasio chloride resembles the basic nitrate, but the basic snlpbatc does not form the 
hydrosol when treated with water, although about half the sulphuric acid is washed 
away. Similar colloids have been prepared with lanthanum, praseodymium, etc., 
in place of cerium. 

When ammonia is added to the nitrate hydrosol, a hydrogel with the composition 
SCeOj.llHjO is formed. 6. WyrouboS and A. Vemeuil regard these colloids as 
derivatives of polymerised or condensed ceric hydroxides, which they liken 
to metastannic acid and metatungstic acid, and called melucertc oxide, 
CejiOi6(OH)jo(OH),, in which only the (OH)( is capable of reacting with acids. 
When ceric oxide is obtained by calcining cerous oxalate in air at as low a temp, 
as possible, it is indifferent towards cone, nitric acid, but when digested for some 
hours at 100“ with 3 per cent, nitric acid, and separated from the liquid by decanta¬ 
tion, the product is soluble in water. The turbid soln. contains a hydrosol which 
may be precipitated as a hydrogel by adding 2 per cent, nitric acid, or ammonium 
nitrate. When dried at 100°, it forms a horny translucent mass with the com¬ 
position 2 OCeO 2 .N 2 O 8 . 5 HjO. It is soluble in water. Basic chlorides, sulphates, 
etc., may be similarly prepared. If cerous hydroxide, precipitated by ammonia 
from a cerous salt soln., is oxidized to ceric hydroxide by a current of air, the product 
is almost entirely insoluble in boiling cono. nitric acid, but the soluble portion is 
colloidal and with water forms a soln. of •paraceric oxide. 

C. F. Rammelsberg, and R. J. Meyer and R. Jacoby prepared potaslinm OeiiO 
nitrate, KjCclNOjle, by evaporating a mixed soln. of the component salts in cone, 
nitric acid, sp. gr. 1'25, over potassium hydroxide and cone, sul^ihuric acid. 
M. Holzmann also reported this double salt to be a sesquihydrate, but this is possibly 
due to contamination with the hydrated cerous salt, or with the basic nitrate. The 
colour of double nitrates of this type is like that of the dichromates. According 
to A. des Cloizeaux, the potassium salt furnishes monoclinic crystals with axial 
ratios a:b: c==l-2455 :1:1-9170, and j8=9r 12'. The double refraction is negative. 
G. Wyrouboff said the crystals of M. Holzmann are hexagonal with the axial ratio 
o: c=l: 1'400, and the double refraction is negative. R. J. Meyer and R. Jacoby 
prepared in a similar way rubidium oerlc nitrate, RbjCefNOsle, readily soluble 
in water, sparingly soluble in nitric acid; and cseaium oerio nitrate, CsjCelNOjlo, 
which is not so readily soluble as the rubidium salt. M. Holzmann prepared 
ammnninm oerio nitrate, (NH 4 ) 2 Ce(N 03 )e, and he regarded it as a sesquihydrate ; 
W. Muthmann supposed it to bo monohydrated; and P. Schottlilnder, anhydrous. 
The work of R. J. Meyer and R. Jacoby has shown that the salt is anhydreus. 
G. Plancher and G. A. Barbieri prepared the salt by the anodic oxidation of cerous 
ammonium nitrate in a compartment cell. This is one of the most important of 
the ceric salts, and it is employed as a means of preparing pure ceria. A. Sachs 
found that the monoclinic crystals have the axial ratios a:b: c=2-4668; 1; 2'3901, 
and jS=129“52'. A. des Cloizeaux gave o ; ft; c==l-1690:1:1-9260, and^=90° 21 . 
The double refraction is negative. The hygroscopic crystals really dissolve m 
water, forming yellow soln. H. Wolff found the percentage solubility to be : 

25 * 85 - 2 * 45 - 8 * 64 - 5 * 88-6* ( 122 ‘) 

(NHJjCelNO,), 68-49 62-79 64-51 66-84 69-40 (8803) 

and he represented the results at 6° between 26° and 8^° by the formula 8—62 (H 
-+-0-314fl-0-0013d2; but with soln. above 60° there is a partial reducUon of ceric Mlt 
to cerous salt; and at about the b.p. of the sat. soln., say 122°, after boiU^ 
about 9-8 per cent, of the salt was found to be in the cerous state. The soln. in 
alcohol is dark red. The salt is not very soluble in nitric acid, and it forms Mrk 
red soln., which become nearly black when heated. The salt can be reorystaUizM 
from water without decomposition. J. Koppel found the double compounds of 
ceric salts with the organic bases to be more stable than the morgue double salts, t 
C. H. Q. Williams prepared a compound of oerio nitrate with qmnolme. 

Ceric nitrate also forms an isomorphous series of double salts of the type 
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M(N08)2.Ce(N08)4.8H20, in which M- represents an atom of bivalent magnesium, 
zinc, nickel, cobalt, or manganese. The crystals are also isomorphous with the 
corresponding thorium salts. These salts are very easily reduced, and they must 
be prepared from cone, nitric acid; the salts are decomposed when dissolved in 
water, and they do not lose their water of crystallization when dried over sulphuric 
acid. R. Bunsen and J. Jegel, and M. Holzmanu prepared magnesinm ceric nitrate, 
MgCefNOsle.SHjO, but H. Zschiesche, and C. F. Rammelsberg believed the product 
to be a mixture of ceric nitrate and magnesium cerous nitrate. R. J. Meyer and 
R. Jacoby prepared the salt in the presence of cone, nitric acid, and showed the idea 
that the salt does not exist to be based on the fact that it is very easily reduced. 
It is deliquescent in air ; more soluble in water and nitric acid than the aUrali salts; 
and when heated it melts in, and is decomposed by, its water of crystallization. 
G. Qeipel found the axial ratios of the monoclinic, dark red crystals to be 
o: 5: c=1032:1:1’586, and P=96° 43'. M. Holzmann prepared zinc ceric 
ni^te, ZnCefNOslj.dHjO. C. F. Rammelsberg and H. Zschiesche denied the 
existence of this salt, but as in the case of the magnesium salt, R. J. Meyer and 
R. Jacoby showed how it can bo prepared. M. Holzmann thought the salt was 
an onneahydrate. G. Geipel found the axial ratios of the monoclinic dark red 
crystals to be o : i : c=0'978 :1:1-339, and (3=100° O'. 
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§ 19. The PhoiphateB ot the Ceihim Metals 

Several phosphates of the rare earths occur in nature. These have already 
been discussed. W. Hisinger and J. J. Berzelius i precipitated a cerium phosphate 
by adding phosphoric acid or an alkali phosphate to a soluble cerous salt. S. John, 
and W. N. Hartley showed that the white powder so obtained is dihydratcd owons 
orthophosphate, 0 ePO 4 . 2 H 2 O. F. V. C. Radominsky fused the precipitated phos¬ 
phate with cerous chloride, and extracted the cold mass with water and dil. nitric 
acid; the crystals of cerous orthophosphate, Cel’Oj, resembled monazite. 
L. V. R. Ouvrard also obtained the anhydrous phosphate in yellow rhombic prisms 
by fusing ceric oxide with potassium metaphosphate ; H. Grandeau obtained similar 
greenish-yellow, needle-like crystals. H. Holm obtained a similar product by 
fusing cerous sulphate with sodium metaphosphate. M. Choubine, P. T. Cleve, and 
R. Hermann made lanthanum orthophosphate, I.aP 04 , by adding phosphoric acid or 
disodium hydrophosphate to a soln. of lanthanum acetate or sulphate. F. T. Frerichs 
and E. F. Smith say that the amorphous precipitate obtained with the sulphate soln. 
has the composition La 2 (HP 04 ) 3 . L. V. R. Ouvrard, and H. Grandeau obtained the 
crystalline orthophosphate by melting lanthana with potassium metaphosphate. 
P. T. Cleve made crystals of sanukrium orthophosphate, SaP 04 , by fusing samaria 
with sodium metaphosphate, and leaching the cold mass with water. 

According to H. Grandeau, the sp. gr. of the crystals of cerium orthophosphate 
is 5-22 at 11°; and, according to P. T. Cleve, that of samarium phosphate is 6-828 
at 17-,6°. W. Hisinger and J. J. Berzelius said that cerous orthophosphate is slightly 
soluble in nitric and hydrochloric acids; M. Choubine also noted that lanthanum 
orthophosphate is soluble in acids; and P. T. Cleve, that samarium orthophewphate 
is insoluble in water. C. G. Mosandcr said that when cerous phosphate is ignited 
in a carbon crucible, it is neither fused nor reduced, but merely sinters together. 
L. V. B. Ouvrard saturated molten potassium orthophosphate or pyrophosphate 
with ceric oxide, and, on cooling, obtained prismatic crystals of potauium emtu 
orthophosphate, K 3 Ce 2 (P 04 ) 3 , or K 3 P 04 . 2 CeP 04 , of sp. gr. 3-8 at 20“; and similarly 
also with sodium cerous orthophosphate, Na 3 Ce 2 (P 04 ) 3 ; and with potasiinm 
lanthanum orthophosphate, K 3 La 2 (P 04 ) 3 , of sp. gr. 3-5 at 20°. F. Zambonini 
obtained cerium ayalile and dulymium apatite by fusing and slowly cooling a mixture 
of calcium orthophosphate and chloride, and cerium phosphate, CeP 04 . The 
crystals contained up to 13 per cent. f‘eP 04 ; similarly, crystals with 3 per eent. 
of DiPOi were made; and also crystals of dulymium spodiasite with up to 9 per 

cent. DiP 04 . . 

A. Rosenheim and T. Triantajihyllides prepared cerous pyrophosphate, 
by adding a cerous salt to an excess of a wdn. of sodium pyro¬ 
phosphate. It is readily soluble in mineral acids. S. John made microscopic 
needles of cerous hydropyrophosphate, CeHPjO:, from a sat. soln. of cerous caAon- 
ate in pyrophosphoric acid. P. T. Cleve prepared lanthanum hydropyrophoiphate, 
LaHP 207 . 3 H 20 , by adding a lanthanum ^It to a soln. of sodium pyrophosphate 
until the white precipitate first formed redissolves. On allowing the soln^o stand, 
needle-like crystals of this salt are formed. He also made samarium hj^pjrro- 
phosphate, SaHP 207 . 3 JH 20 , from a soln. of samariumiydroxide in pyrophosphoric 
acid. K. A. WaUroth prepared sodium cerous pyrophosphate, CCNBP 2 O 7 , from a 
soln. of the oxide in molten sodium metaphosphate or sodium ammonium Pho»' 
phate; he also made in a similar way sodium la nth a num pyrophosphate, LaNal 2 O 7 , 
isomorphous with the cerous salt. 

0. F. Rammelsberg obtained 
cerous hypophosphite with nitric 
son obtained microscopic crysta 
on fused metaphosphoric acid. ' 
in acids. F. T. Frerichs and E. 1 


cerous metwhwhate, Cc(F 03 )s, by evaporating 
acid, and calcining the residue; and K. R. John- 
.Is by the action of anhydrous cerous sulphate 
The sp. gr. of the salt is 3 272, and it is insoluble 
F. Smith precipitated lanthauum meti«bonriiate, 
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from asoJn. of sodium metspiosphafe by meaas of lanfbanum suJpiafe; 
and E. R. Johnson obtained the acid metaphosphate, La^Oj.dP^O;, by dissolving 
the sulphate in molten metaphosphoric acid, and extracting the mass with 
water. The monocUnic crystals had the axial ratios a:d: c=l'44804 : 1; 0'96897, 
fi—89° 28' 20", and sp. gr. 3'24I, P. T. Cleve similarly prepared aanutriiun mets- 
pbospb&te, S 82 O 3 . 6 P 2 O 5 . The crystals had a sp. gr. 3'487 at 28-8°. 

According to W. N. Hartley, when sodium phosphate is added to a slightly 
acid soln. of a ceric salt, a yellowish precipitate is obtained, which, when dried in 
vacuo over sulphuric acid, has the composition of ceric l^dnHHthophosphatet 
2 Ce 2 H{P 04 ) 3 . 25 H 20 ; R. J. Carney and E. de M. Campbell, and A. Rosenheim 
and T. Triantaphyllides obtained ceric pyrophosphate, CcPaOr.nHjO, by warming 
a soln. of cerous pyrophosphate in hydrochloric acid mixed with bromine. 
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§ 20. Yttrium 

Yttrium occurs in virtually all the rare earths, but more particularly in gadolinite, 
xenotime, euxenite, polycrase, samarskite, and these minerals are common enough 
to act as a source of this earth—gadolinite from Hittero, for example, has been 
reported with 46 0 per cent, of yttrium earths ; that from Colorado, 9-14 per cent.; 
xenotime from Hittero, 68 per cent., that from Minas Geraes, 64 per cent., that 
from Colorado, 67-8 per cent.; samarskite from Colorado, 17 per cent., and that from 
Urals, 21 per cent. ; polycrase from Hittero, 32 per cent.; euxenite from Arendal, 
30 per cent. Monazite has but 0-4 to 4-5 per cent, of yttria earths, but the by¬ 
product •remaining after the extraction of thoria and ceria earths is a convenient 
source of yttria earths. Minerals rich in yttrium earths arc more abundant than 
those rich in cerium earths. The cerium miuerab are poor in yttrium earths, while 
the yttrium minerals are poor in cerium earths. It is, however, probable that although 
yttrium is the most abundant of the rare earths in the yttrium family, any one of 
the cerium elements, excluding samarium, is more abundant than yttrium. As 
previously indicated, yttria was discovered by J. Qadolin i in 1794, and afterwards 
studied by A. G. Ekcberg, M. H. Klaproth, L. N. Vauquelin, J. J. Berzelius, and 
N. J. Berlin. 

J. J. Berzelius employed the"following process of extraction: Powdered gadolinite is dis. 
solved in aqua regia ; the soln. evaporated to dryness; the mass extracted with hot water 
acidulated with hydrochloric acid; the soln. Altered from the silica; mixed with a suffi¬ 
cient quantity of botassium sulphate, which must project above the surface of the liquid; 
and left to stand for a space of 24 hra.; potassium cerous sulphato is then precipitated 
in the form of a white powder. The whole is then passed throu^ a Alter and washedtwo or 
three timea'with water saturated with potassium sulphate; the Altrate and washings 
m neutralized with ammonia; and the ferric oxide precipitated by ammonium succinate. 
The Altered liquid treated with ammonia yields a precipitate consisting of basic yttrium 
sutphate mixed with a small quantity of mangnese oxide; it is repeatedly digested, while 
atiU moist, with fresh quantities of a dil. soln. of ammonium carbonate, well shaken, arid 
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allowed to stand. Hie yttrium oarbonato dinolved in Uiis liquid ie precipitated on boiling 
the filtrate, and is then ignited. If after ignition it exhibits a brown instead of a greyish* 
yellow colour, it contains manganese. To eliminate this impurity, the salt is dissolved in 
nitric acid, evaporated to dryness, and heated in a sand-bath to the m.p. of tin, by which 
means the manganese nitrate is decomposed. Hie mass is then dissolved in a very small 
quantity of water: the almost syrupy liquid filtered through paper; diluted ; mixed with 
ammonia; and the resulting hydrate exposed to a red heat. The residue on the filter 
containing manganese, yields, by washing with more water, a brown soln., which may 
he again evaporated and heated to separate the manganese. T. Scheerer discussed the 
separation of iron oxide from yttria. 

In 1842, C. G. Mosander discovered that the earth yttria is not really simple 
because it can be resolved into three others. The name yttria was reserved for 
the most basic one, and the other two received the names erbia and terbia. The 
following is the procedure employed by C. G. Mosander: 

When ammonia is added in small quantities at a time to a soln. of ordinary yttria in 
hydrochloric acid, and the precipitate produced by each addition is separately collooted, 
WMhed, and dried, basic salts are obtained, the last of which are colourless, and consist of 
pure yUria. Proceeding from these last in the reverse order, we find that the precipi¬ 
tates become reddish and nearly transparent, and contain a larger and larger quanti^ 
of terbia, while the precipitates first formed contain the largest quantity of cr6fa, mixed, 
however, with terbia and yttria. When a aofn. of crude yttria in nitric acid is treat<^ in 
the same manner, and the several precipitates Be|>arately lieated, the fiwt precipitate 
yMids an oxide of a deep yellow colour; and the colour of those which follow lieijomea 
continually lighter, till at lengtli a colourless oxide is obtained, consisting mainly of yttria 
mixed with a small quantity of terbia. In these exjieriments, it is important that the crude 
yttria should bo perfectly fro© from iron, uranium, etc. It is better, therefore, to precipitate 
it from the original soln. by a dil. soln. of ammonium sulphide ; and, when the precipitate 
ceases to exhibit a bluish-green tinge, to filter the soln., and pro<.*eed with the filtrate as 
above. Or, better still: to add a portion of fnw^> acid to the soln. of yttria, and then to drop 
it gradually into a soln. of potassium oxalate, stirring constantly, till the precipitate no longer 
redissolves. In a few hours a precipitate is deposit^ ; this must be soj^rated by filtration, 
end the clear liquid again treated with acid oxalate, as long as a precipitate continues te 
form. The filtrate, on being neutralised with an alkali, yields a small quantity of ni^ly 
pure yttrium oxalate. The precipitates first obtained are crystalline, and rapidly 
the bottom of the vessel; whereas the last, which is pulverulent, is slowly deposited, Tm 
first contain the largest quantity of orbia mixed with terbia and yttria ; tho^ next, chiwy 
terbia contaminated with erbia and yttria; and the last, nearly pure yttria. The first 
precipitates are always reddish ; the last colourless. If thoinixturoof theearths lie procipb 
tatod by an oxalate, and the precipitate digested in very dil. sulphuric acid ( 1: 49), the acid 
first dissolves out the yttria, properly so called ; and on treating the residue with suoessive 
portions of fresh acid, the quantity dissolved becomes loss and loss; and at the same ty^, 
the undissolved portion becomes more and more yellow by calcination. When the 
has been thus removed, the residual oxalate is to be washed and ignited ; the earth whu3h 
remains, dissolved in nitric acid ; and the soln. -which should not be dil. '-mixed te 
saturation with pounded potassium sulphate. By this means the erbia is pretHplt^d m 
the form of a potassium erbium sulphate, which is nearly insoluble iii water ^turated with 
potassium sulphate, but dissolve easily in pure water. The pota^ium terbi^ sulphate 
remains in soln. Hi© liquid liaving boon filtered, and tlie prwipitete wasli^, the po^« 
slum erbium sulphate may be dissolved in water, and the erbia piwipitated by potMSium 
hydroxide, then washed and ignited. The terbia may also be precipitated by treating the 
filtrate with potassium hydroxide. 

Gadolinito is much more complex than the earlier chemiets suppoBcd. In the 
modem process of extracting yttrium, the rare earths sulphates, which have a low 
solubility in a sat. soln. of an alkali sulphate, are first separated; and the remaining 
earths are converted into bromates or ethyl sulphates and fractionated. The fraction 
between that with the least and that with the greatest solubility contains^tnum 
contaminated with dysprosium, holmium, and erbium. Various methods of 
fractionation have been used— e.g. fraetkmai hydrolysis of the phthalates; fct^onal 
predpitation with potassium ferrooyanide; fractional crystallisation of the double 
alkali sulphates; fractional precipitation of the chromates; fractional p^ipitation^ 
of the basic nitrates; etc. These methods have been previously described in the 
first purification. L. de Boisbaudran* fractionally precipitated with ammonia ; 
P. T. (Seve fractionally crystallised the oxalate from nitric acid; R. J. Meyer and 
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J. Wuorinen fractionaify precipitated the iodate from nitric acid, and they found that 
the chromate process separates yttrium from terbium and gadolinium, but is most 
applicable to mixtures from which the greater part of the terbium has been removed 
by other methods. They found that the fractional crystallization of the ethyl 
sulphates is tedious, but is suitable for large quantities. Precipitation with pota^ium 
ferrocyanide gives nearly pure yttria, but the yield is small, and the precipitates 
are not readily filtered. The crystallization of the double ammonium tartrates is 
unsuccessful, as is also the fractional hydrolysis of these salts by water, ammonia, 
or magnesia. E. W. Engle and C. W. Balke purified yttria by the chromate method; 

O. James and L. A. Pratt, by the basic nitrate method; and B. S. Hopkins and 
C. W. Balke, by the sodium nitrate method. J. P. Bonardi and C. James said the most 
rapid method for separating yttria from the yttria earths is by fractional precipitation 
with potassium cyanocobaltate. E. Wickers and co-workers found the nitrate 
method rather more efficient than the cyanocobaltate process. The subject has 
been discussed by C. C. Kiess and co-workers ; and by H. C. Fogg and C. James. 

C, James and L. A. Pratt proceeded with the basic nitrate method as foUows: 'i^e 
fraction containing the yttria was precipitated as the hydroxide and well washed wi^ boiling 
water. The hydroxides were next converted into the nitrates, and the latter subjected to 
fractional decomposition. This was carried out by evaporating the soln. and fusing \mtil 
a portion hod decomposed. The evolution of red fumes was allowed to proceed imtil the 
surface acquired a peculiar steely appearance. This point was easily ascertained by 
experience. The decomposition was allowed to continue until the mass became creamy. 
The fused mass was then poured into cold water. Great care was required in order to 
prevent spattering. The result of this operation was a nicely granulated product, which 
rapidly disintegrated upon boiling. Under the best conditions, the entire moss went into 
«soln.; especially was this true of the yttrium end of the series. Upon cooling, the basic 
nitrates separated out in a crystalline form. At the opposite end —the least basic portion — 
of the fractions there always remained an insoluble basic nitrate, unless the decomposition 
was stopped at on earlier stage, i.e. when there was a copious evolution of red fumes. 

In case a precipitate remained, it was highly important that it should be well agitated 
by thorough boiling. After cooling, the precipitate was filtered off, redissolved in nitric 
acid and again fus^. The filtrate was also boiled down, and fused. This second series 
gives two filtrates and two j>recipitate8. About 40 series of operations wore carried out. 
The nitrate was dissolved in water, heated, and precipitated by means of oxalic acid. The 
resulting oxalate was filtered off, well washed, dried, and ignited. Some of the yttria still 
contained a little erbium and holmium. It was put through a modified chromate method. 
Tliis yielded a supply of yttrium oxide of such a purity that, when converted into a cono. 
soln. of the nitrate, it showed no absorption bands through a layer of about 6 eras. 

Yttrium metal has been obtained only in a more or less impure condition. 
H. Davy said that the old yttria at a white heat is but imperfectly decomposed by 
tbe vapeur of potassium, and J. J. Berzelius stated that potassium yttrium fluoride 
appears to bo decomposed by potassium, but on adding water, the yttrium is 
re-oxidized. F. Wohler obtained the metal by the following process: 

Yttrium chloride and flattened globules of potassium are arranged in alternate layers 
in a platinum crucible, the quantity of potassium not being quite sufficient to decompose 
the whole of the yttrium chloride; the cover is then fastened down by a wire, and the 
crucible heated. The reduction is effected in a moment, end with such violent disengage¬ 
ment of heot that the crucible becomes white hot. When the whole has become perfectly 
cold, the cover is taken off, and the crucible thrown into a large glass of water, in which 
the fused potassium chloride, dissolves, with evolution of a small quantity of impure 
hydrogen gas having- a feetid odour; and the yttrium is collected on a filter, washed 
thoroughly, and dried. 

P. T. Cleve and co-workers obtained it by the action of sodium on the anhydrous 
chloride; J. F. G. Hicks, by the same method, or by electrolyzing the iused 
chloridesand C. Winkler, by tbe action of magnesium on the oxide at a 
high temp. E. W. von Siemens and J. G. Halske made yttriuna by heating, 
“in the absence of air, yttrium nitride, or other compound of yttrium with the 

elements of the nitrogen family. J. F. Bahr and R. Bunsen, and F. WShler 
obtained yttrium by the electrolysis of a molten mixture of sodium and yttrium 
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chlorides. F. Wohler, sad 0. Popp described the metal as a shining powder con¬ 
sisting of small scales with a metallic lustre, and of an iron-grey colour; when burn¬ 
ished, the colour and lustre of the metal resemble those of iron. P. T. Cleve and 
0. HSglund found that the metal is readily oxidized in air, and is converted into the 
hydroxide by boiling with water. When burnt in air, said F. Wohler, yttrium oxide 
is formed. W. Kettcmbeil found that when soln. of the rare earths are electrolyzed 
with mercury cathodes, there is no formation of amalgam at the cathode. According 
to W. Nernst, a complex ion, MHj, separates during the electrolysis of alkali salts 
at about 1’4 volts cathodic potential. Above this j)otcntial, with one-third of the 
current, the formation of amalgam should occur. Below this point to that where 
the metal ion itself separates, no formation of amalgam could be obtained, even in 
a freezing mixture, but evolution of hydrogen took place. It is supposed that the 
amalgam is formed, but is decomposed with such rapidity as to escape detection. 

J. Missenden observed that, superficially, yttrium is iron-grey powder when 
freshly obtained, and is apt to assume a darkish appearance when kept for an 
appreciable time. This phenomenon is not to be explained by the combination 
of the metal with oxygen, as the oxide is white, and precisely the same effect is 
observed when the metal is placed in vacuo. The change is probably due to the 
energetic action of light, the darkening process being considerably retarded by 
preservation in a box from which all light has been excluded. W. Guertler and 
M. Pirairi gave 1490° for the m.p. of the metal. W. R. Mott gave 1260° for the m.p., 
and 2500° for the b.p. of yttrium. The spark spectrum of yttrium has been in¬ 
vestigated by R. ThaUn,® 0. Lohsc, R. Bunsen, and F. Exnet and E. Hasohek. 
The more important lines are 3600‘90, 3710'44, 3774’51, 4177’68, 4375’11, and 
4883’95. The arc spectrum has been studied by F. Exner and E. Haschek, 
0. C. Kiess and co-workcrs, 11. Kayscr, (1. Eberhard, L. F. Ynteina and 
B. S. Hopkins, and J. M. Eder and E. Valenta. The most characteristic lines 
are 3210-83, ,3242-42, 3328 02, 3600 92, .3611-20, .3621 10, 3633 28, 3664 78, 3710 47, 
3774-52, 3788-88, 3950 52, 3982 79, 4077 5, 4102 57, 4128 00, 4143 03, 4802-46, 
4309-79, 4318-93,4375 12, 4883 89,6191-91, and 6435-27. W. J. Humphreys studied 
the effect of press, on the spectral lines of yttrium; and B. B. Moore, the effect 
of a magnetic field in producing the Zeeman effect. F. G. Wick studied the effect 
of press, on the absorption spectrum. H. G. -J. Moseley, D. Coster, E. Hjalmar, and 
E. Friman studied the high frequency or X-ray spectrum of yttrium. F. C. Blake 
and W. Duane, and M. Siegbahn gave for the K-serics, a2a'=0-840; aia=0-836: 
fl|j3=0 746; and ^ 2 y—11'133; and for the L-serics, D. Coster, B. Hjalmar,"and 
M. Siegbahn gave. 0^0=6-4349; o2O^^=6-4066j and Pij3=6-1984. M. Muthmann, 
E. Baur, and R. Marc showed that yttrium compounds do not give the giathodio 
phosphorescent spectrum when highly purified; the results obtained by W. Crookes 
were caused by the presence of impurities. Soln. of yttrium salts give no absorption 
spectrum in the visible region. 

The analytical reactions of yttrium. —Yttrium salts are colourless. With a 
soln. of yttrium nitrate as typical salt, the addition of aq. ammoni^ or of sodium 
or potassium hydroxide precipitates the white hydroxide, insoluble in excess. The 
hydroxide precipitated from hot soln. is gelatinous, but is not difficult to filter, 
while that precipitated in the cold, is slimy and difficult to filter. If tartaric, citric, 
or other oxy-acid is present, no hydroxide is precipitated, but in the case of ammonia 
and tartaric acid, an ammonium yttrium tartrate is precipitated, and with alkalies, 
the tartrate is precipitated on boiling. The addition of ammonium sulphide rom. 
to the yttrium salt precipitates the hydroxide, insoluble in eicera. The addition 
of nmm nnfnm carbonstc, or an alkali carbonate gives a white precipitate of yttrium 
carbonate, soluble in excess; and the soln. after standing some time becomes turbid 
owing to the separation of the double salt. Unlike aluminium, thorium, ^d the 
cerium elements, barium carbonate gives no precipitate in the cold, and omf 
an incomplete precipitation with hot soln. With OZaUc add, and a mm o n iu m 
an amorphous oxalate is precipitated j the precipitate is almost insoluble 
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in water; insoluble in an excess of oxalic acid; sparingly soluble in hydrocbloric 
acid; but appreciably soluble in ammonium oxalate. A soluble double salt is 
formed with potassiom sulphate ; no precipitation occurs with sodium thiosulphate. 
White amorphous yttrium fluoride is precipitated by hydrofluoric add ; and the 
precipitate becomes pulverulent when warmed. It is insoluble in water and in 
bfdroBnoric acid. With hydrogen peroxide in alkaline soln., an unstable peroxide 
is precipitated. A soln. of turmeric does not change colour. With lodio add, 
no precipitate is formed in nitric acid soln.; and with sodium hypophosphate no 
precipitation occurs in soln. strongly acidified with hydrochloric acid. W. Kettembeil 
could not make yUriutn amalgam by electrolyzing an aq. soln. of a salt of yttrium 
usiM a mercury cathode. 

Wie atomic weight ol yttrium. —The individuality of yttrium is now considered 
to be definitely settled, and the high frequency spectrum fits the assumption that 
its atomic number is 3^ In J. J. Berzelius’ ‘ at. wt. tables of old, yttrium appeared 
as 96'4 calculated for the tervalent element. In 1860, N. J. Berlin also gave 89'66. 
0. Popp analyzed yttrium sulphate, and from the ratio YjiSOilg: SBaSOg calculated 
102'3; and from the ratio YglSOglg: YgOg obtained 102 0. M. Delafontaine for 
the same ratio obtained in 1866, 9ri and 87'8. J. F. Bahr and R. Bunsen cal¬ 
culated 92 63 from the ratio 92 63; P. T. Cleve and 0. Hoglund (1873) obtained 
89-67 ; P. T. Cleve (1883), 89 11; J. C. 6. de Majignac, 88-95; H. C. Jones, 88-96; 

G. and E. Urbain, 88 - 6 . R. J. Meyer and J. Wuorinen, 88 - 6 ; and R. J. Meyer 
and M. Weinheber, 88-71 to 88-76—average, 88 7. W. Feit and C. Przibylla, 
from the ratio YgOg: 3 H 2 SO 4 , obtained 89-40. In 1913, J. B. Egan and C. W. Balke 
objected to the sulphate method because the value obtained varies with the time 
and temp, of the ignition of the yttrium oxide; and the octohydrate is too unstable 
for accurate work; they determined the ratio YjOj: 2 YCI 3 , and obtained 90-12; 
and B. S. Hopkins and C. W. Balke, 88-9. The values deviated from 88-80 to 
89-06. H. C. Fogg and C. James obtained 89 03 from the ratio YCI 3 ; 3Ag; and 

H. C. Kremers and B. S. Hopkins, 89-33. The International table for 1921 gives 
88-7 as the best representative value for the at. wt. of yttrium. This number is 
probably rather low. F. W. Aston observed no isotopes by the positive ray analysis. 

Yttrium forms white basic yUria or yttrium oxide, Y 2 O 3 , by the ignition ol the 
hydroxide, oxalate, or nitrate. A. Duboin ^ prepared it in a crystalline form by 
fusing the oxide with calcium chloride. Yttria, said C. G. Mosander, is a colourless 
earth which is milk-white after ignition; but when not quite free from other earths 
it niay have a yellowish colour. P. T. Cleve gave 5-028 for the sp. gr.; If. F. Nilson, 

6 046; S. M. Tanatar and I. Voljansky, 5-326; and W. Muthmann and C. R. Bohm, 
4-84. R. J. Meyer and J. Wuorinen gave 4-48 at 15°, and they suggested that the 
yttria used previously was impure. L. F. Nilson, and 0. Pettersson said the sp. ht. 
IS 0-1026 between 0° and 100°; and 8. M. Tanater and I. Voljansky gave 011729. 
W. R. Mott gave 4300° for the b.p. of yttrium oxide at 760 mm.; 0. RuB and co- 
workers gave 2410° to 2415° for the m.p. of yttria, and they found a vigorous vaporiza¬ 
tion occurs at 2350° and 16 mm. press. Yttria is feebly ifiamagnetic. The magnetic 
susceptibility of atrium oxide was found by E. H. Williams to fall slightly from 
20° to —140°. The value is leas than IxlO"*, and the experimental error large. 
E. Wedekind and P. Hausknecht found the at. magnetism of yttrium oxide to be 
-)-8-7xl0~®. R. J. Meyer end J. Wuorinen gave for the magnetic susceptibility, 
—0-14 X 10~* units. H. von Wartenberg and oo-wotkers found yttria to be reduc^ 
by hydrogen at about 2000° if another metal be present—e.j. tun^ten. P. T. Cleve 
found that yttria readily absorbs ammonia from the air; and it is a strong base 
capable of expelling ammonia from ammonium salts. When heated with cono. 
acids, said.C. G. Mosander, yttria becomes hot and dissolves, but not so quickly as 
in dil. acids. It dissolves rapidly in hot acids. Its neutral sob taste sweet at first, 
knd afterwards astringent. W. W. Coblentz found that yttrium oxide had a deep 
red colour at temp, between 900° and 1000°. The ultra-red emission spectrum has 
maxima at 2-76/i, 3ft, 3-6ft, 4-6ft, and 6-9fi. The reflecting power for light of 
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wave length A=0’60/t is 73'8 per cent.; for A=4'4ft, 34'4 per cent.; for A= 8 ‘ 8 fi, 
ll'l percent.; andforA=24fi, lOpercent. P. T.Cleveobtauedyttli^hTdtOsidSi 
Y(OH)a, as a white gelatinous precipitate by adding ammonia or alkali hydroxide 
to a soln. of an yttrium salt. It dries to a white powder which absorbs carbon 
dioxide from the air. B. Szilard described colloidal yttrinm hydroxide— vide 
thorium hydroxide. J. Bohm and H. Niclassen studied the X-radiograms of the 
sol and gel of the hydroxide. A. B. Sohiotz found the oxide dissolves in formic 
acid, and is precipitated from this soln. by acetic acid. If an yttrium salt is 
precipitated by ammonia in the presence of hydrogen peroxide, hydrated ytWnin 
peroxide, Y 40 e.nH 20 , is produced. 

P. T. Cleve prepared hemihydrated yttrium fittoride, YKs.^UjO, as a white 
gelatinous precipitate, by adding hydrofluoric acid, or an alkali fluoride to a soln. 
of an yttrium salt. H. Moissan and A. Etard prepared the anhydrous salt by the 
action of fluorine on the carbide. Yttrium fluoride occurs in nature as yttrocerite 
(}.».). C. G. Mosander prepared a radiating mass of crystals, of yttrium chloride, 
which, according to P. T. Cleve, are hexagonal prismatic crystals of the hexahydrate, 
YCls.flHjO, and arc obtained by slowly concentrating the aq. solu. These 
crystals deliquesce in air and are readily soluble in water and in alcohol, but not 
in^ether. According to C. A. Matignon, a mol of the salt loses five mols of water 
at 110°, forming the monohydratc, YCI 3 .H 2 O, which melts between 156° to 160°; 
the anhydrous salt is formed at 170°-180°, but owing to hydrolysis, some oxide 
is formed at the same time. P. T. Cleve made the anhydrous salt by heating an 
intimate mixture of ammonium chloride and the hexahydrate; C. A. Matignon, by 
evaporating a soln. of the oxide in hydrochloric acid to dryness, and heating the 
product in a mixture of hydrogen chloride and sulphur chloride ; A. Duboin, by 
heating the oxide in a mixture of carbon dioxide and chlorine; F. V. Hadominsky, 
by heating the hexahydrate in a stream of hydrogen chloride; and H. Moissan 
and A. Etard, and 0. Pettersson, by heating the carbide in a stream of hydrogen 
chloride. H. C. Kremers and B. 8 . Hopkins, and H. C. Fogg and C. James have 
discussed the preparation of the pure salt. 

According to C. A. Matignon, the sp. gr. of the anhydrous salt is 2’80 at 18°. 
it melts below 686 °, and solidifies to shining white leaflets which volatilize at a 
high temp. W. W. Coblentz studied the ultra-red transmission spectrum. He also 
found that the heat of soln. of anhydrous yttrium chloride in water is 46'3 Cals., 
and that the aq. soln. is neutral to methyl orange. Further, the anhydrous salt is 
very soluble in alcohol, and pyridine : 100 grms. of alcohol at 16° dissolve 60'1 grfns. 
of the chloride, and the soln. deposits crystals of the complex YClj.C^HjOH ; Md 
100 grms. of pyridine at 10 ° dissolve 60'6 grms. of the chloride and the soln. fvrnishes 
crystals of an addition compound, YCI 3 . 3 C 5 H 5 N. 0. A. Barbieri and F. talzolari 
obtained crystals of an addition compound, YCI 3 . 2 C 3 H 12 N 4 .IIH 2 O, with A®**' 
methylenetetramine. P. T. Cleve, and L. F. Nilson prepared chloroaurates, chloro- 
platinites, and chloroplatinates. 0. Popp prepared enneahydrated mCTOWC 
yttrinm chloride, Ya 3 . 3 HgCl 2 . 9 H 2 O, from a soln. of the component salts. The 
deliquescent salt is easily soluble in water and alkalies. 

According to P. T. Cleve, enneahydrated yttrinm bromide, YBr 3 . 9 H 20 , crystal¬ 
lizes from an aq. soln. of the salt in deliquescent crystals easily soluble in water. 
A. Duboin made the anhydrous bromide, YBrs, by heating yttria in a mixture 
of bromine vapour and carbon dioxide; the crystals arc said to be very deliquesMUt, 
and very fusible. P. T. Oeve similarly made deliquescent crystals of yttrinm 

iodide, which are readily soluble in water and in alcohol. . 

P. T. aeve made yWnm inlphide, YjSg, by heating the anhydrous chloride m 
a stream of hydrogen sulphide; and Oi Popp, by melting the oxide with 
and sodium carbonate; or by heating the oxide in a stream of carbra disttlpmde. 
The yellow powder of the sulphide is decomposed by water. A. Dubom mMe 
widfaim yttrinm tnlphide, NajB.Y 2 S 8 , or NaY 82 , in peenish leaflets, by^»s«ng 
hydrogen sulphide over a heated mixture yttrium oxide and sodium sulpmde. 
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C. G. Mosander found that yttrium sulphate crystallizes from its aq. soln. in 
small, compact, colourless prisms; the salt retains its water of crystallization at 80°. 
The crystals arc octohydrated, y 2 (S 04 ) 3 . 8 H 20 ; and, according to C. F. Eammels- 
berg, and E. H. Kraus, they form monoclinic prisms isomorphous with the corre¬ 
sponding salts of erbium, gadolinium, samarium, praseodymium, and neodymium; 
the axial ratios arc a: 5 : c=3'0284; 1:2 0092, and j3=118'’ 26'. H. Topsoe gave 
2’530 for the sp. gr., and E. H. Kraus, 2'558. According to the last-named, the 
double refraction is positive, and the indices of refraction for Na-light are a=l'6433, 
j3=l'5490, and y=l'5765. When the octohydrate is heated, it furnishes the 
anhydrous sulphate, ¥ 2 ( 804 ) 3 , which, according to L. F. Nilson and co-workers, 
has a sp. gr. 2'52, and sp. ht. 0T319. E. Lowenstein measured the vap. press, of the 
hydrated sulphates and found evidence of the octohydrate only. E. Wedekind 
and P. Hausknecht found the mol. magnetism of yttrium sulphate to be —5'7 x 10^*. 
Both the anhydrous salt and the octohydrate are very soluble in cold water. 
J. Thomsen gave for the heat of soln. y 2 (SO 4 ) 3-[-8 04H2O, 10'68 Cals. F. Wirth 
found the solubility of the octohydrate is 5 02 grms. of the anhydrous sulphate in 
100 grms. of soln. at 25° ; or 100 parts of cold water dissolve 9 3 grms. of the octo- 
bydrate, and 4 6 grms. at 100°. According to 0. Brill, yttrium dioxysulphate, 
¥ 202 ( 804 ), is formed when the anhydrous sulphate is heated to 700°. P. T. Cleve 
found that ¥ 405 ( 804 ).IOH 2 O is formed by a partial precipitation of a soln. of fhe 
Sulphate by dil. ammonia; but whether this is a chemical individual has not 
been demonstrated. B. Brauner and A. Picek made yttrium hydiosulphate, 
Y(H 804 ) 8 , ty crystallization from a soln. of the anhydrous sulphate in cone, sulphuric 
acid. P. T. Cleve prepared a white, amorphous, pulverulent sodium yttrium 
sulphate, Na 2 S 04 .¥ 2 (S 04 ) 3 . 2 H 20 , easily soluble in water. According to C. James 
and H. C. Holden, equilibrium in the ternary system, Na 2 S 04 ~Y 2 (S 04 ) 3 —H 2 O, at 
26°, is attained very slowly—to be exact, 14 months. The relative solubilities, 
expressed in grams of anhydrous salts per 100 grms. of water, are: 

Na,80, . . 1-29 385 8’53 7-67 10-14 14-89 21 06 28 13 

Y/SOjJa . 5-61 6-38 8-43 6-86 3-42 1-90 3 04 1-61 

Solid pliMO . YilSOPj.SHjO Ys(804)3..No,SUj.2H,0 

Hence, Fig. 25, the addition of sodium sulphate increases the solubility of yttrium 
sulphate up to a maximum ; the solubility then diminishes rapidly and at the same 

time the solid phase changes from octo¬ 
hydrated yttrium sulphate to the double salt. 
P. T. Cleve obtained crystals of potassium 
yttrium sulphate, Y 2 (S 04 ) 3 . 4 K 2804 , by 
crystallization from a soln. of one mol of 
yttrium sulphate and three mols of potassium 
sulphate; the mother liquid furnished 
P. T. Cleve and 0. Hoglund with needle-like 
crystals of Y 2 (S 04 ) 3 . 3 K 2804 . 100 c.c. of a 

cold sat. soln. of potassium sulphate dissolve 
4-866 grms. of Y 2 O 3 as sulphate. P. T. Cleve 
also prepared small tabular crystals of 
ammonium yttrium sulphate, 2(NI^)2804.¥2(804)3.9H20 ; it loses four mob of 
water when confined over sulphuric acid. R. J. Meyer and U. Mtiller made 
orystab of yttrium hydnudne stdphate, Y 2 (S 04 ) 3 .(N 2 H 5 ) 2 S 04 . 3 H 20 , by evaporating 
a soln. of the mixed sulphates. The salt is very soluble in water. 

P. T. Cleve passed carbon dioxide into a soln. of yttrium hydroxide in one 
of sodium carbonate, and obtained white pulverulent yttrium carbonate, 
¥z(C 03 ) 3 .^H 20 ; he obtained the same salt by ad&ng an alkali carbonate to a soln. 
'- of an yttrium salt; the precipitate gradually crystallizes. 0. Popp found that in 
thb process the precipitate retains much sodium carbonate. P. T. Cleve and 
0. Hdglund say that yttrium carbonate is insoluble in water, and very sparingly 
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soluble in carbonic acid; it loses a mol of water at 100 °, and all is lost at 130°. 
W. H, Evans reported that yttrium carbonate acts unfavourably on the growth of 
plants. P. H. M. P. Brinton and C. James found that the percentage hydrolysis of 
yttrium carbonate—the ratio of the amount of carbon dioxide expelled by boiling to 
the total carbon dioxide originally present in the system—is after boiling with 
water for different periods of time: 

Hours boiling • . .0 6 1-0 1-6 2 0 2'9 3'0 

Hydrolysis .... 44-9 48-.5 SI O 62-8 64 0 86-1 


According to P. T. Clcve, yttrium carbonate is soluble in an excess of sodium 
carbonate, and, when the soln. is allowed to crystallize, needle-like crystals of 
sodium yttrium carbonate, Na^COs.YjiCOjlj.tHoO, are formed; the same 
salt is formed as a voluminous precipitate when sodium carbonate is digested with 
an aq. soln. of yttrium chloride. The precipitate slowly crystallizes. A soln. of 
yttrium carbonate in one of ammonium carbonate likewise furnishes ammonium 
yttrium carbonate, (NH 4 ).^C 03 .Y 2 (C 03 ) 3 . 2 H 20 ; it is also obtained by adding a soln. 
of yttrium nitrate to an excess of a soln. of ammonium carbonate. 

C. G. Mosander found that the crystallization of a soln. of yttrium nitrate 
furnishes a mass of laminated crystals. P. T. Clevc and 0. Hdgluud evaporated the 
soln. over sulphuric acid, and obtained the hexahydrate, Y'fNOslj.GHjO, in crystals 
which, according to F. Zainbonini, belong to the tricllnic system. According t 6 
V. von lang and L. Ifaitingcr, the crystals arc strongly doubly refracting, triclinic 
pitwcoids, isomorphous with the gadolinium salt; and isodiinorphous with bismuth 
nitrate. P. T. Cleve and 0. Uoglund found the crystals are deliquescent in moist 
air; and they lose three mols. of water at 100 ° or over cone, sulphuric acid, forming 
the trihydrate, YfNOslj.dHaO. E. L 6 wen.stein measured the vap. press, of yttrium 
nitrate crystals and found evidence of the hexa-, penta-, and tri-hydrates. The 
trihydrate, according to E. Ueinar^ay, crystallizes from cone, nitric acid. P. T. Cleve 
and 0. Hbglund found the hexahydrate to be readily soluble in water, alcohol, and 
ether. S. M. Tanatar and I. Voljausky also reported a dihydrate, Y(N 03 ) 3 . 2 H 20 . 
P. Zambonini obtained a series of mixed crystals of calcium nitrate, Ca(N 03 ) 3 . 4 H 20 , 
and up to 219 per cent, of yttrium nitrate, Y(N 03 ) 3 . 6 H 20 ; and also between 
strontium nitrate, Sr(N 03 )o. 4 H» 0 , and up 
to 0 86 per cent, of y-ttrium nitrate. Ac¬ 
cording to J. F. Bahr and R. Bunsen, a 
basic nitrate is formed when yttrium nitrate 
is heated until red nitrous fumes appear; 
and the residue passes into yttria at a 
still higher temp. When the basic nitrate 
is boiled with the smallest possible amount 
of water and allowed to cool, the hydrated 
salt Y(N 03 ) 3 .Y( 0 H) 3 . 3 H 2 D appears. Ac¬ 
cording to C. James and L. A. Pratt, the 
only basic nitrate stable at 25° in aq. 
soln. is yttrium ozynitrate, y(NO3)3.YO(NO3).10H2O, or 3 Y203.4N206.20H20. 
C. James and L. A. Pratt studied the ternary system, Y(N03)3—Y(0H)3-H20, 
and, expressing the cone, of the compounds in grams per 100 c.c. of water at 26 , 
they found: 



Fio. 26.—Itio Ternary System, 
Yj0,-N,0s-H,0, at 25°. 


y(NO,), 

y,o. 

Sp. gr. 


Solid pb&sc 


3 13 1387 33-02 44.36 80-06 137 10 141-6 

0-014 0-034 0-160 0-114 0-074 0 083 0 

1-0260 1-1106 1-2617 1-3268 1-6687 l-74« > 1-744 

' Y(0H), 3y,0,.4N,0,.2H,0 • YdtO,), 


The results ate plotted in Fig. 26. This salt is stable in air, and in the presence of a * 
soln. of yttrium nitrate containing one-fourth of its weight or more of anhydrous 
mtrate. It is not afiected by absolute alcohol, but is decomposed by water. 





The mineral xenotime (q.v.) is yttrium orthophospllBte, YPO 4 ; and wcin. 
schenkite (q.v.) is another, (Y, Er, . . .)P 04 . 2 H 20 . According to P. T. CIcve 
when an ammoniacal soln. of ammonium orthophosphate, or phosphoric acid is 
added to a sola, of yttrium m’trate, the dihjdrate, YP 0 i. 2 H 20 , is precipitated. 
F. V. Badominsky obtained crystals of the amorphous phosphate, artificial xenotime, 
hy meiriijg the precipitated phosphate with ten times its weight of yttrium chloride, 
and washing with water and acetic acid. P. Zambonini made crystals of yttrium 
apatite by fusing and slowly coohng a mixture of calcium orthophosphate and 
chloride, and yttrium orthophosphate. The crystals contained up to 6 per cent. 
YPO 4 . P. T. Cleve found that if disodium hydrophosphate is added to a soln. of an 
yttrium salt, amorphous yttrium hydrophosphate, Y 2 (HP 04 ) 3 , is precipitated. 
According to W. Wartha, xenotime is sparingly soluble in cone, hydrochloric acid, 
but if it has been previously heated with a little cone, acid, dissolution readily occurs. 
K. R. Johnson obtained microscopic six-sided plates of yttrium pyrophosphate, 
2 Y 2 O 8 . 3 P 2 O 5 , or Y 4 (P 207 )s, by melting orthophosphoric acid with jrttrium sulphate. 
The salt fuses with difficulty, its sp. gr. is 3'()59, and it is insoluble in acids. 
P. T. Cleve made yttrium todropyrophosphate, Y 2 (H 2 P 207)3 TH 20 , in crystal 
aggregates, from a soln. of yttria in p 3 rropho 8 phoric acid. The salt loses six mols of 
water over cone, sulphuric acid; and it does not fuse at a red heat. K. A. Wallroth 
heated yttria with microcosmic salt, and obtained sodium yttrium pyrophosphate, 
SaYP 207 . By melting the amorphous phosphate with sodium or potassium 
ortho- or pyro-phosphate, A. Duboin obtained crystals of salts with the com¬ 
position K 2 O.Y 2 O 3 . 2 P 2 O 6 ; 3 K 2 O.Y 2 O 3 . 2 P 2 O 5 ; 3 K 2 O. 6 Y 2 O 3 . 6 P 2 O 6 : and 

3Na20.Y203.2P208. P. T. Cleve evaporated to dryness a soln. of yttrium nitrate 
with an excess of orthophosphoric acid; and extracted the calcined mass with 
water. The resulting white crystalline yttrium metaphosphate, Y(P 03 ) 3 , was 
insoluble in water and acids. 
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§ 21 . The Terbium Family of Rare Earths 

The terbium family of rare earths is arbitrarily taken to include the three eleinents, 
europium, Eu; gadolinium, Qd; and terbium, Tb. The general characters 
resemble those of the cerium family. The members of this family decrease in 
basicity in the order: . . Sa, Eu, Gd, Tb, Dy, . . ., so that the cerium family 
merges into the terbium family, and the latter into the yttrium family. There are 
no sharp lines of demarcation between these three families. The elements are all 
tervalent and yield colourless oxides of the type B 2 O 3 , although terbium alone fur¬ 
nishes what is considered to bo a higher oxide, Tb 407 . The terbium elements yield 
salts of the type RX 3 , where X represents a univalent acidic radicle ; europium alone 
gives rise to salts of the type EuX 2 , corresponding with the unknown oxide, 
EuO, where europium is bivalent. Samarium is the only other rare earth element 
which acts as a dyad, and it forms halides of the type SaX 2 . Soln. of the salts of 
terbium and europium exhibit a weak absorption spectra in the visible region; 
where soln. of terbium salts give an absorption spectrum only in the ultra-violet 
region. The salts of terbium are generally less soluble than those of gadolinium. 
The solubility of the double potassium or sodium sulphates is rather greater than is 
the case with the cerium family, and less than with the yttrium family. 

The history and occurrence have already been discussed. The terbia earths are 
found in small amounts in the majority of the ceria and yttria minerals. They are 
usually extracted from gadolinite, xenotime, and samarskite, because these minerals 
are readily obtained, and contain a larger proportion of the terbia earths than 
other minerals. Probably europium is the moat sparsely distributed and gadolinium 
the moat plentiful of these elements, but in any case the actual proportion of these 
elements in any given mineral is very small. 6 . Urbain and H. Lacombe 1 say that 
monazite does not contain more than 0 002 per cent, of europia. The occurrence of 
these elements in the sun has been previously considered. 

Th« isolation Ol the terbium earths.— As previously indicated, the terbium 
earths can be separated from the cerium and yttrium earths by fractional crystal¬ 
lization of the double alkali sulphates, but the separation is not clean since a large 
proportion crystallizes with the cerium earths, and remains in soln. with the yttrium 
earths. The fractional crystallization of the cthylsulphatcs with alcohol or water 
as solvent enables the terbia earths to be isolated fairly quickly, the cerium ethyl- 
sulphates crystallize first, and the yttrium sulphates last. The fractional crystalliza¬ 
tion of the fornoates from aq. formic acid also enables a separation to be made, 
although there is a loss since some of the terbia earths accompany the yttria earths 
and ate not separable by the formate process. The general scheme for the isolation 
of the rare earths, previously discussed, provides for the isolation of the members 
of this family of earths. 

The iaolation ol euiopia. —E. Demat^ay 2 noted that in the fractional crystal¬ 
lization of a mixture of rare earths rich in samaria and gadolinia from cone, nitric 
acid, there appeared a new nitrate with a solubility greater than that of gadolinium 
and less than that of samarium. The element was found to have a characteristic 
spectrum; and he named it provisionally Z. A year later he named it europium, 
and found that the crystajlization of the double magnesium nitrate gave a more 
rapid separation. Before E. Demar 9 ay’s work, L. de Boisbaudran had noted 
some spectral lines in some samarium preparations which were attributed to elements 
Z, and Z{, and which were afterwards found by E. Dcmar 9 ay to coincide with those 
given by europium; similarly, in 1885, W. Crookes noted a red band, A=6090, 
in the phosphorescent spectrum of a preparation obtained by fractionating yttria 
earth. The band was sometimes nebulous, sometimes clear and sharp, and almost 
as narrow as a spark line. W. Crookes called it the anonmlous line, and he con¬ 
sidered it to be produced only when samaria and yttria are simultaneously present; 
soon afterwards, W. Crookes attributed the line to a new element which he called 
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S^. This elemeat was afterwards shown by K. Demar^ay to have the same speotrum 
as eiuopium. G. Urbain and H. Lacombe found that bismuth magnesium nitrate 
furnishes crystals which were isomorphous with the corresponding salts of samarium 
and europium, and were intermediate in solubility; and with the bismuth salt as 
I iUment se^raleur^ it was found possible to separate europium from samarium 
and gadolinium. C. James and J. E. Robinson obtained europium from monaiito 
residues by the following process: 

The crude oxides were dissolved in oonc, nitric acid, taking care that the soln. did not 
become alkaline. An eq. amount of nitric acid was similarly treated with magnesium 
oxide. The two soln. were mixed, and evaporated imtil half the solute crystallized out on 
cooling. The mother liquid wis poured off and evaporatcil further for crystallization. The 
double nitrates which separated were recrystallized three times, and then set aside. Wlion 
the mother liquors began to crystallize badly, they were treated witli oxalic jiciil, and the 
washed oxalates were ignited. The resulting mixture of oxid^ of lanthanum, cerium, 
praseodymium, neodymium, samarium, gadolinium, yttrium, etc., were again converUMi into 
double magnesium nitrates and recrystalliz^ from 30 i>er cent, nitric acid. The oerium, 
lanthanum, praseodymium, and neodymium rapidly collected in the least soluble portion ; 
the intermediate fraction contained the pale yellow samarium salts ; luid the most soluble 
portion contained gadolinium, erbium, and yttrium salts. As soon as crystals of yttrium 
nitrate appeared in the moat soluble fractions, bismuth magnesium nitrate was intixxluced 
and all traces of samarium and europium were soon separated. The samarium was removed^ 
by fractionation, from the cerium, lanthanum, praseodymium, and neodymium fraction. 
Tlio samarium-gadolinium fractions were then recrystallized. The blue europium nhsorp* 
tion band appeared in the fractions of tlio gadolinium next to the samarium ; ai\d the blue 
europium band gradually liecarae stronger in the fractions between sainartiitn and godo* 
linium. Later, the two green europium bands appeared. -Tho fractious showing no 
europium absorption spectrum were removed. The fractions containing bismutli mag¬ 
nesium nitrate were mixed according to their absorption sjiectra, diluted, and treated with 
hydrogen sulphide. The filtrates containing europium wore treated with oxalic acid; 
and the europium oxalate collected and washed, llie oxalate from each filtrate was 
ignited, dissolved in nitric acid, and the soln. examined spectroscopically. The soln. of 
europium nearest to the samarium fraction were still contaminated with that element. Tlie 
europium material was again converted to the double magnesium nitrate, and friu^tionally 
crystallized with bismuth magnesium nitrate until free from samarium. 'I'lio bismuth 
was then removed with hydrogen sulphide, end the europium oxalate precipitated as 
before. 

The isolation of gadolinia. —J. 0 . 0 . dc Marignac 3 announced the discovery 
of a new earth in samarskite which he designated Y^. The impure earth was obtained 
by fractional precipitation with potassium sulphate. L. de Boisbaudran applied 
the term gadolinium to the new element wliich he obtained by the fractional 
decomposition of the nitrates, and also by fractional precipitation with ammonia. 
A. Bettendorf! separated gadolinium from ortbite. C. Benedicks obtained gadolinia 
by the fractional crystallization of the simple nitrates from nitric acid, and’also by 
fractional precipitation with ammonia. E. Demar 9 ay fractionally crystallised the 
double magnesium nitrates; and 11. Marc fractionally crystallized the double 
potassium sulphates. G. Urbain and H. Lacombe used bismuth magnesium nitrate 
in conjunction with E. Demar^ay’s process, and later purified the materia! by 
recrystallization of the double nickel nitrates from cone, nitric acid. According 
to L. Jordan and B. S. Hopkins, the dimethyl phosphate fractionation very rapidly 
and completely concentrated the europium and samarium and removed them from 
the gadolinium. The greater part of the terbium was separated in the insoluble 
fractions of the series. The method did not remove the last traces of terbium which 
still coloured the gadolinium oxide a light yellow-brown. Gadolinium oxide of con> 
siderable purity was obtained from the middle fractions of this series. Gadolinium 
material giving an oxide coloured orange-brown by terbium was fractionated as the 
bromate in the presence of neodymium. The method was more tedious than the 
dimethyl phosphate method, but almost completely removed even the last traces of 
terbium from the gadolinium and famished a light cream, almost colourless, oxide.* 
This oxide still contained a small quantity of neodymium and samarium. The 
first method studied would seem to be an effective method for removing these 
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Barths. C. C. Kiess and co-workers, and R. J. Meyer and U. Mailer hare also 
discussed this subject. 

The isolation Ol terbia.— In 1842, C. G. Mosander * first obtain^ what he called 
erbium from some yttria earths, but several chemists—wife the history of the rare 
earths—failed to obtain C. G. Mosander’s orange-yellow erbia, and in consequence 
the term caihe to be applied to an earth which gave a rose-red oxide. In 1887, 
M. Delafontaine succeeded in getting C. G. Mosandet’s erbia from samarskite, and 
since the term was now generally applied to another earth, M. Delafontaine and 
C. 6. Mosander’s erbia was called terbia. J. C. G. de Marignae, and P. T. Cleve 
confirmed the existence of orange-yellow terbia. L. de Boisbaudran concluded that 
there were four terbia earths, which he designated Z^, Z^, Zy, and Zj. K. A. Hof¬ 
mann and G. Krttss found that what was regarded as terbia could not be resolved 
by the fractionation of the double sulphates or formates, but could be resolved in 
aniline hydrochloride. R. Marc, E. Portratz, and W. Feit made some observations on 
this subject. G. Urbain found that a soln. of terbium oxide which he prepared gave 
the absorption spectrum of Zj, the inverse spectrum of the spark spectrum of 
E. Demarcay’s element F, and the phosphorescent spectrum of one of W. Crookes^ 
ionium, incognitum, and his C. A. von Welsbach fractioned the double oxalates 
of the yttria earths, and claimed to have split terbium into three elements, but 
neither G. Urbain nor C. James and D. W. Bissel could confirm this. 

The methods originally used for separating terbia gave preparations with only a 
few per cent, of that earth. These methods included the fractional decomposition 
of the nitrates; fractional.precipitation by potassium sulphate; fractional precipita¬ 
tion of the oxalates from a nitric acid soln.; and the fractional precipitation of the 
formates. L. de Boisbaudran recommended fractional precipitation by ammonia, 
but G. Urbain said the process is very tedious, and recommended the fractional 
crystallization of the double nitrates of these earths and nickel; the fractional 
crystallization of the simple nitrates in the presence of bismuth nitrate; and the 
fractional crystallization of the ethylsulphatea. C. James and D. W. Bissel used the 
bromate process: 

The fraction, mainly containing the gadolinium, terbium, dysprosium, and holmium 
oxidM, was wanned with bromio acid ; and the resulting bromates fractionally crystallized. 
The order of decreasing solubility is : La, Ce, Fr, Nd, and Eu; and the solubility then 
increases in the order Eu, Qd, Tb, Dy, Ho, Y, £r, Tm, Yb, Lu, and Sc. The whole of the 
terbium and most of the holmium and dysprosium soon collected in the most soluble 
portions. As the work proceeded, some europium collected in the least soluble portion as 
ehoW by the blue absorption band of the soln. The gadolinium collectod in the least 
soluble portion and gave a white oxide. Oadolinium bromate was removed as soon as it 
gave a wlute oxide ; and the more soluble fraotioiui as soon as they gave a buf!*coIoured 
oxide. The fraotioxks which gave the darkest coloured oxides gave the absorption band 
of terbium alone; the more soluble portions of the fractions giving the terbium band 
also gave absorption bands of dysprosium; and the less soluble portions, the absorption 
bands of neodymium. As large amounts of gadolinium bromate were, however, rapidly 
removed from one end, and fair quantitiM of the bromates of erbium, yttrium, holmium, and 
dysprosium from the other, the bulk of material imdergoing fractionation quickly decreased. 
The whole of the erbium was removed in the most soluble portion after a few crystalliza* 
tions. This was followed by yttrium and holmium with some dysprosium. Finally, 
holmium bands became very faint, and later dysprosium, with a little terbium, formed the 
most soluble fracrions of the series. The (uystalfization of the chlorides from hydrochloric 
aoid was used in the endeavour to separate small amounts of terbium from dysprosium. 
The chlorides formed very nice crystals, and the mother liquor could easily be drained off. 
The rate of fractionation seemed to be about the same as in the case of the nitrates. The 
oxide from the least soluble portion was darker than that from the most soluble. This 
showed that terbium chloride like terbium nitrate passed into the least soluble fractions. 

The metals of the terbium family have not been isolated. The spark spectnun 
of dysprosium has been investigated by E. Demar^ay,^ C. Benedicks, J. M. Eder and 
, E, Valenta, W. Crookes, G. Urbain, F. Exner and E. Hasohek, etc.; and the azo 
iQ^aetrom by F. Exner and E. Hasohek, G. Ebeihard, J. Lunt, and J. M. Eder and 
E. Valenta. The most prominent lines in the aro spectra have the wave-lengths: 
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3688'57, 3726T0, 3819-80, 3907-28, 3930-66, 3972-16, 4129 90, 4206-20, 4436-76, 
4622*76, 4594*27, 4627*47, 4662*10, 6645*44. The spark spectrum of gadolinium^ 
has been measured by C. Benedicks, E. Demar^ay, L. de Boisbaudran, P. Bxner and 
B. Haschek, 6. Urbain, W. Crookes, J. M. Eder, E. Baur and R. Marc, etc. The arc 
spectrum of gadolinium is very rich in lines which have been measured by P. Exner 
and B. Haschek, C. C, Kiess, G. Bberhard, and J. M. Eder and E. Valenta. The 
more prominent lines in the arc-spectrum characteristic of gadolinium have the 
wave-lengths: 3082*15, 3100*66, 3422*62, 3545*94, 3549*52, 3585*12, 3646*36, 
3671*39, 3719*63, 3743*68, 3768*60, 3796*62, 3814*18, 3852*65, 3916*70, 4037*49, 

4050*05, 4063*62, 4070*51, 4073*99, 4085*73, 4098*80, 4130*59, 4184*48, 4*251*90, 

4262*24, 4325*83, 4327*29, 4342*35, 6114*26. W. M. Hicks, and E. Paulson have 
sought for regularities in the spectral lines of gadolinium. The spark spectrum 
of terbium^ has been measured by E. Deniar^ay, G. Urbain, etc. *, and the arc 
spectrum by G. Eberhard, J. M. Eder and E. Valenta, F. Exner and E. Haschek, etc. 
The more prominent lines in the arc spectrum of terbium have the wave-lengths; 
3324*53, 3509*34, 3531*86, 3561*90, 3568*69, 3600*60, 3628*53, 3650*60, 3659*02, 

3704*10, 3711*91, 3848*90, 3874*33, 3899*34, 3925*60, 3939*75, 3977*01, 3982*07, 

4005*70, 4012*99, 4278*70, 4752*69. 

The reversion spectrum of europium was studied by E. Demar{ay,* 0. Urbain, 
and L. de Boisbaudran. There is a red phosphorescence, and a dil. acid soln. gives 
two bands, one between A=6160 and A=6110 with a maximum at A--6125, and the 
other between A=5970 and A=5920 with a maximum at A=5890. L. de Bois¬ 
baudran, and G. Urbain also found that terbium gives a green phosphorescence, and 
the chloride soln. shows four bands with maxima respectively at A=6205, 5868, 
5432, and 4870. 

G. Urbain ^ found that puri6ed europia gives no cathodic phosphorcscont 
spectrum, but if a trace of calcium sulphide or oxide be present, or if traces of other 
earths are present, the luminescent spectrum is very intense ; it has been studied 
by W. Crookes, G. Urbain, and E. Demarjay. Gadolinia when pure gives no 
cathodic luminescent spectrum, but if slightly impure it gives a green phosphor¬ 
escence whose spectrum has been studied by G. Urbain, and W. Crookes. Tcrbia 
also gives no luminescent spectrum if purified, but if a trace of alumina is present, 
it gives a white fluorescence. The green fluorescence of terbium chloride in the 
cathode rays was studied by G. Urbain. Tbe high frequency or X-ttS ipoollft of 
europium, gadolinium, and terbium were studied by H. G. J, Moseley, E. Friman, 
D. Coster and co-workers, and E. Hjalmar. • 

Neutral soln. of europium chloride are rose-coloured, and the ftbiotptfon 
sppctrnm has been studied by G. Urbain,'® W. Prandtl, L. F. Yntenja, and 
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Fio, 27.—Absorption Spectrum of Europium Nitrate Solution. 

E. Demarcay. The bands ip the visible part of the spectrum arc narrow and 
faint. There are maxim a for A = 6913, 5882, 6790, 6337, 5251, 5234, 4656, 
4645, 4000, 3960, 3853, 3836, 3800, 3760, 3746, 3663, 3615, 3207, 3192, 3178, 
3168, and 2983; with a soln. of europium nitrate. Fig. 27, a band 6913 replaces 
6913 and 6882 of the chloride spectrum; 6337 gives place to 6337; 6260 
replaces 6251 and 5234; and 4660 replaces 4656 and 4645. ^In. of gadolinium 
amts are colourless if the acid radicle is colourless. The absorption bands' of an aq. 
soln. of gadolinium chloride were studied by G. Urbain, J. L. Soret, and H. C. Jcues 
and W. W. Strong; they are all in the ultra-violet with maxima at 3794, 3697, 
3596, 3516, 3108, 3059, 3056, and 3062. H. C. Jones and W. W. Strong measmed 
VOIm V. 2 Y 
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the absorption spectrum of a soln. of gadolinium chloride in aq. alcohol, and found 
it very diflerent from that in aq. soln. Soln. of terbium salts are colourless if the 
acid radicle is colourless. L. de Boisbaudran, and G. Urbain showed that with the 
exception of the feeble blue band 4880, Fig. 28, the nine absorption bands of 
terbium salt soln. are in the ultra-violet with maxima at 4880, 3787, 3894, 3592, 
3519, 3420, 3390,3266, 3176, 3029. J. Carrera gave for the absorption coeff. for 
the K-series of X-ray spectra, Eu, 59'81; Gd, 60'84; and Tb, 61'93. The K-series 
were examined by M. Siegbshn and E. Jonsson, and W. Duane and T. Shimizu; 
and for the L-series, D. Coster, E. Hjalmar, and M. Seigbahn gave for europium 
ojo'=2-12733; oia=2-11633; Bi^=l-91631; ^2y=l-807; yi8=l-659; 
=1-698; ^4 v= 1-921 ; and ^ 39 = 1 - 886 ; for gadolinium, 030 '=2-05264; oja 
=2-04193; fti3=l-84246; ^2^=1-741; yi8=l-58863; /3iv=l-848; 
and for terbium, aja=l-98231-, aia=l-97149; ^i^=l-77268; ^2y=l-67925; 
yi8=l-529-, t)= 1-936; ^jJ=l-656-, y 2 fl=l- 474 ; ^ie=l-781; ^9=1-74266; 
y3X=l-468 ; and y 49 ==l- 437 . A. Dauvillier measured the L-series for europium 
and gadolinium. A. Dauvillier, and B. Cabrera have discussed the magnetic 
properties of these elements. 

The atomic weights of the terbium metals. —The general reactions of salts of 
the terbium earths resemble those of the yttrium salts (j.n.). E. Demaryay *1 first 
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Fio. 28.—Absorption Speotrum of Terbium Nitrate Solution. 

obtained europia and gadolinia of a high degree of purity, but owing to the weak 
absorption spectra which they ..exhibited, he suggested that these earths might be 
heterogeneous. This question was further tested by G. Urbain, who fractionated the 
earths in a number of ways, and tested the extreme and intermediate fractions for 
new elements by the spark and absorption spectra, and by at. wt. methods, but 
found no evidence of the resolution of these earths into simpler components. He also 
found that europia isolated by the bismuth nitrate method from monazite is identical 
with the earth isolated by the same process from gadolinite, xenotime, and pitch¬ 
blende, and with europia obtained by the double magnesium nitrate process. 
Gadolinia was treated by G. Urbain in an analogous manner, and be failed to get any 
evidence of heterogeneity. The earth derived from gadolinite was identical with that 
obtained from xenotime or pitchblende. In the case of terbia, G. Urbain obtained 
no signs of complexity when the products obtained by different processes were 
compared. G. Eberhard also compared the arc spectra of these preparations, and 
concluded that there are no signs of the resolution of europia, gadolinia, or terbia into 
their components, and there are no signs of any intermediate elements in the terbium 
family. C. A. von Welsbaoh, however, claimed to have resolved terbia, by his 
double ammonium oxalate methods of fractionation, into Tbx, Tbg, and Tbs '< but 
C. James and D. W. Bissel were able to confirm G. Urbain’s conclusions, and not 
those of C. A. von Welsbazh. The conclusion that europium, gadolinium, and ter¬ 
bium are well-defined elements is also in harmony with J. M. Bder’s work on the arc 
spectra, and with H. G. J. Moseley’s work on the relation between the at. numbers 
and the frequencies of the lines in the X-ray spectra. The atomic munbcn are 
Eu, 63; Gd, 64; and Tm, 65. 

J. M. Eder has ezumned the are spectra of C. A. von Welebaoh't preparations of terbium, 
. and he could find no evidenoe of a new element between gadolinium and terbium. The speotral 
lliaea of F. Exner and E. Haachek, and attributed by them to a hypothetical element, B, 
ate produced by Uie blmdiw of the terbium lines with those of gaiaolinium of nearly the 
same wave-length. J. U, £der, however, affirms that the lines of the mixed fractions 
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terbi^ tod dysprosium correspond with tbs existenoe of a now olsmsnt, 
smich 18 nuued weUiilin in honour of C. A, von welsbach. The differences in the measure* 
m«it8 of the spectral lines by J, M. Eder and by G. Eberhard are attributed to impurities 
m the latter 8 samples. 

From a comparison of the characteristics of this family of clemciite with those of 
the cerium family, it is assumed that the elements are tervalent. E. Demar^ay 
found the at. wt. of europium to be 151 from the ratio Eu^Os: £ 0 . 2 ( 804 ) 3 . 0. Urbain 
and H. Lacombe obtained 152 00 from the ratio Euj(S 04 ) 3 . 8 H 30 : £ 113 ( 804 ) 3 ; 
161'93 from the ratio £ 03 ( 804 ) 3 ; EU 2 O 3 ; and 151'94 from the ratio £ 03 ( 804 ) 3 . 
8 H 3 O: EU 2 O 3 . G. Jantsoh also calculated 152’05 from the results obtained by 
calcining the hydrosulphate; and W. Feit and C. Przibylla, 152-66, from the ratio 
EU 2 O 3 : 3 H 28 O 4 . The International Table for at. wt. for 1921 gives 152 as the 
best representative value. J. C. Q. de Marignao gave 156 75 for the at. wt. of 
gadolinium; and L. de Boisbaudran, 156-12. From the ratio 68203 : 662 ( 804 ) 3 , 
A. Bettendorll calculated 156-72; C. Benedicks, 156-51; B. Brauner, 154-78; 
and R. Marc, 156-46. From the ratio 663 ( 804 ) 3 . 81120 : 66203 , 6 . Urbain cal¬ 
culated 157-24. From the ratio 66303 : H 28 O 4 , W. Feit and C. Przibylla obtained 
167-39. The International Table for 1921 gives 157 3 for the best representative 
value of the at. wt. of gadolinium. 

The early data for the at. wt. of terbium by M. Delafontaine,** J. L. Smith, and 
J. C. 6 . de Marignac are based on determinations with very impure materials. 
From the ratio 18303 : Tb 2 (S 04 ) 3 , L. de Boisbaudran gave 1614 to 1631, and 
later, 169-0 to 169-95; K. A. Hofmann and 6 . Krtiss, 148 9 to 162 2; R. Marc, 
151-9 to 161-2; W. Feit, 158-6; and £. A. Potratz, 154. 6. Urbain obtained 159-2 
from the ratio 162 ( 804 ) 3 . 8626 : 8 H 2 O. The International Table for 1921 gives 
169-2 as the best representative value for the at. wt. of terbium. 
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§ 28. The Compounds ot the Terbiom Earth Metals 

According to E. Demaryay,! and q. Urbain and H. Lacombe, the oxides of these 
earths are obtained by the ignition of the hydroxide, nitrate, sulphate, oxalate, or 
other salts of the volatile oxyaoids. Europia, or etuopimn se^oiozide, Eu^O,, 
is a pale pink powder. When derived from the sulphate, a very high temp, is 
■needed—say 1600°—^in order to expel the last traces of the sulphur oxides; and the 
colour is then rather more intense than when prepared at a lower temp. According 
to W. Prandtl, europia is white with a reddish-yellow tinge, and when obtained by 
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heating the oxalate at 900°, it has the sp. gr. 7-42 at 1674°, and that obtained by heat¬ 
ing the nitrate, 6’55 at 15°/4°. White, hygroscopic gaddinia, or gadoUniom seMioi* 
o:^e, Gd 203 , can be prepared by similar processes; and, according to G. Eberhard, 
if the gadolinia contains a trace of tcrbia it will be tinged yellow. According to 
W. Prandtl, white gadolinia has a sp. gr. 7-407 at 15°/4°. E. H. Williams found 
the magnetic susceptibility of gadolinium oxide at 20° to be 129-7 X 10~*; at 0°, 
138-2xl0-«; at-40°, 160-7x10-0; at-80°,194-2xl0-«; at-10O°,217OxlO-«; 
at -120°, 244-6x10-0; and at -140°, 279-OxlO-«. E. Wedekind and P. Haus- 
kneoht found the mol. magnetism to be9850 X 10-o.‘ When terbium oxalate is ignited 
it furnishes a dark brown terbium peroxide, and if the sulphate is employed, at a 
high temp., the product is almost black. The oxygen content is rather greater than 
is required for the formula Tb 407 , and it may be a mixture of that substance with 
the dioxide, TbOj. The peroxide is converted into terbium salts when treated with 
hot cone, acids; it loses oxygen when heated ; and when heated in hydrogen, it 
furnishes terbia, or terbium sesquiozide, Tb 203 , as a white solid. 

C. Benedicks found that gadolinia absorbs carbon dioxide from the air, and it 
dissolves slowly in acids, the rate of dissolution increasing as the action proceeds. 
The three oxides dissolve in acids, forming the corresponding salts. According to 
C. Benedicks, when gadolinia is heated in hydrogen, it acquires a dark colour, but 
no reduction can be detected. The sp. gr. of gadolinia is 7-407. According to 
T). W. Bissel and C. James, when a mixture of air and coal-gas is directed upon 
terbium peroxide, or upon gadolinium oxide mixed with terbium peroxide, heated 
almost to redness, the mass immediately becomes incandescent, and the gas often 
takes fire. E. L. Nichols and H. L. Howes studied the luminescent spectrum of 
incandescent gadolinia. All three oxides are magnetic; and G. Urbain and 
co-workers found the magnetic susceptibility of erbia to be .33-5x10-'*: that of 
gadolinia, 16lXl(r«; and that of terbia, 237x10-*. Gelatinous eUTOpium 
hydroxide, Eu(OH) 3 , is obtained as in the case of the hydroxides of the cerium 
earths ; gadolinium hydroxide, Gd(0H)3; and terbium hydroxide, TblOH),, 
are obtained similarly. They rapidly absorb carbon dioxide when exposed to the 


The halides. —Popovici prepared gado l i nium fluoride, GdFs, as a gelatinous 
precipitate by the action of hydrofluoric acid on an aq. soln. of gadolinium sulphate; 
the precipitate becomes granular when warmed. F. Bourion prepared europium 
chloride, EuCls, in yellow needles by heating the oxide, sulphate, or oxalate in a 
stream of sulphur chloride vapour or sulphur chloride vapour and chlohne. 
G. Urbain and F. Bourion found that if the oxide be employed in this procMS, the 
product is a mixture of europium di- and tri-chlorides. F. Bourion similarly pre¬ 
pared gadolinium chloride, GdCl,, and terbium chloride, TbClj. The chlorides can 
be obtained in soln. by dissolving the oxides, hydroxides, or carbonates in cone, 
hydrochloric acid. When the soln. are evaporated over cone, sulphuric acid ; or 
the hot soln. are cooled; or hydrogen chloride is passed into the cold aq. soln., 
crystals of the hexahydrates are obtained. The hydrated chlorides cannot bo 
dehydrated by simply heating in air, since the salts are decomposed ; but wben 
heated in hydrogen chloride, at 180° to 200°, the anhydrous chloride is formed. 
Anhydrous gadoUnium chloride is a white hygroscopic mass of monoclinio prisms 
which have a sp. gr. 4 62 at 0°; and a m.p. of 628°; it forms prismatic cmtals of 
a hexahydrate, GdQa.fiHjO, of sp. gr. 2-424. Anhydrous terbium cWonde pves 
colourless crystals which melt to a colourless hqmd. The crystals at 0 have a 
sp. gr. 4-35, and a m.p. of 588°. They dissolve in water without hydrolysis, m 
hexahydrate, Tbaj.fiHiO, forms colourless prismatic crjrstaU. Hexahydrated 
terbium chloride is deliquescent and very soluble in water with a 
supersaturated soln. If anhydrous europium tri^londe be heatea to 400^^, 
in a stream of hydrogen, colourless amorphous europium dichlorlde,EuCl 2 , is form^. 
This salt is more stable than Mmarous ®Woride; it 

a neutral soln., which oxidizes when boiled: 12EuCl2+302+6H20=»8EtttI, 
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+4Bu(OH)j. The salt is sometimes called ewojxm cMoride; just as the cone- 
sponding sa'marium chloride is called samarous chloride. The notation is not good 
because cerous chloride is derived from the tervalent metal, and ceric chloride from 
the quadrivalent metal. Hence, the -ous salts of the rare earths are derived from 
both bivalent and tervalent metals. F. Bourion prepared gadolininm oxychloride. 
GdOCl, by passing a slow current of air or steam over the molten anhydrous chloride; 
similarly, when europium chloride is heated in air to 600°, europium oxychloride, 
EuOCl, is formed. Both oxychlorides are white powders insoluble in water but 
readily soluble in acids. 6 . Urbain made terbium oxychloride, TbOCl, in a similar 
manner. C. A. Matignon and F. Bourion prepared gadolinium bromide, GdBrs, 
by heating the anhydrous chloride in a stream of dry hydrogen bromide, taWng care 
not to fuse the material; similarly also with terbium bromide, TbBrs. According 
to C. Benedicks, the crystallization of the aq. soln. of gadobnium bromide furnishes 
the hexahydrate, GdBrs.OHjO, in rhombic plates of sp. gr. 2 84. 

The sulphides and sulphates.— H. Erdmann and F. Wirth made gadolinium 
sulphide, Gd 2 S 3 , as a hygroscopic yellow solid of sp. gr. 3'8. It is slowly decomposed 
by water and by acids. G. Urbain and H. Lacombe obtained pale pink crystals 
of octohydrated europium sulphate, Eu 2 (S 04 ) 3 . 8 H 20 , from a soln. of the oxide in 
sulphuric acid. S. H. Katz and C. James found that the salt is slightly hydrolyzed 
in soln.; and the octohydrate becomes anhydrous at 876°. G. Jantsch found that 
it is completely decomposed at 1600°. C. Benedicks obtained octohydrated 
gadolinium sulphate, Gd 2 (S 04 ) 3 . 8 H 20 , in a similar manner. The monoclinic crystals 
of the octohydrate have the axial ratios a:b: c=3 0086 ; 1; 20068, and ^=118° 2'. 
The sp. gr. of the salt is 3'0l at 14'6°. At ordinary temp., the aq. soln. deposits 
monoclinic crystals of the octohydrate which are isomorphous with the corresponding 
salts of the cerium and yttrium metals. When heated, the octohydrate becomes 
anhydrous, when the sp. gr. is 4-139 at 14-6°. The solubility expressed in grams 
of 682 ( 804)9 per 100 grms. of water, was found to be : 

O' 10' 14* 21” 34-4” 

• ad,(S04), . . . 3-98 3-3 2-8 2-4 2-26 

where the solid phase is the octohydrate, but there is an irregularity in the curve 
at about 10° which C. Benedicks attributed to the formation of another hydrate. 
F. Wirth gave for the percentage solubility of gadolinium sulphate in sulphuric acid 
of normality N — i.e. grams of 682 ( 804)3 i)er 100 grms. of sat. soln.—when the solid 
phase is the octohydrate, at 26°: 

NormaUty H.SO, . 0 O'l 0-605 1-1 2-16 6 176 12-6 

GdilSOJ, . . 2-981 3-291 3-931 3-807 2 974 0-8777 0-0867 

D. W. Bissel and 0. James gave 2-16 for the solubility at 26° in 100 parts of water. 
According to 8 . H. Katz and C. James, gadolinium sulphate are slightly hydrolyzed 
in aq. soln., and, comparing the results with those obtained with the other rare 
earths, the tendency of the sulphates to hydrolyze in aq. soln. increases with the at. 
wt. of the basic element. L. Wohler and M.- Grfinzweig found the partial press, 
of the sulphur trioxide at 900° to be 7 mm., and the heat of dissociation, 66-9 Cals. 
L. C. Jackson and H. K. Onnes found the octohydrate is strongly paramagnetic ; 
and 6 . Breit and H. K. Onnes, and H. R. Woltjer measured the magnetic sus¬ 
ceptibility at very low temp., ctz., —258°. A basic salt, gadolinium o^vulphste, ' 
Gd 202804 , was made by heating the anhydrous sulphate to 800°-860°. 

D. W. Bissel and C. James found the solubilities of soln. of gadolinium sulphate 
in soln. of sodium sulphate of different cone., expressed in grams of anhydrous salt 
per 100 grms. of water at 26°, to be : 

NstSO. . . 0 0-42 0-44 0-66 1-26 1-94 3-01 6-71 27-40 

. Od^BO,), . 2-15 2-08 204 088 0-17 0-10 0-07 0-06 0-06 

The results ate plotted in Fig. 29. The solid phase is sodium gad ol i nium s ulpli a tOi 
Na»S 0 «. 6 dj(S 04 )». 2 H 20 . This salt is readily obtained by crystallization from a 
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Fia. 20.—Solubility of Gadolinium 
Sulphate in Solutions of Sodium 
Sulphate. 


X • 1 1 sulphate for one of gadolinium buI- 

so’od V PotMiioin gadoltoium lolphahi, 

aj 804 .Qdj(S() 4 )s. 2 H 20 , which furnishes well-formed crystals which are snarin^lv 
soluble m water. The sp, gr. of the double , ^ 
salt is 3'503 ; and 100 c.c. of a eat. soln. of FT 
potassium sulphate can dissolve 0'87 to 077 tv t? 
grm. of GdjOs—A. Bettendorf! said 077 grm. 
of GdjOs. B. J. Meyer and U. Mailer obtained 
colourless, sparingly soluble crystals of 
gadolinium hydrate sulphate, Od^fSOi),. 

(N 2 H 6 ) 2 S 04 . 3 H 20 , by boiling a sohi. of the 
mixed sulphates for some time. 

The carbonates.— P. H. M. P. Brinton and 
0. James made europium carbonate by adding europium sulphate to an oq. amount 
of a sok. of sodium carbonate; terbium carbonate was made in the same way. 
Accoring to C. Benedicks, if carbon dioxide bo passed through cold water in which 
gadolinium hydroxide is suspended, no crystalline carbonate is formed, but micro¬ 
scopic, needle-like crystals appear if the liquid is warm. The crystals, dried at 
100°, correspond with gadolinium hyto^carbonate, GdlOHlCOj.HaO. If the 
carbon dioxide be passed through the liquid for a very long time, say 12 <laya, the 
acicular crystals of the basic carbonate disappear, and larger crystals appear. When 
dried at 100°, the composition corresponds with gadolinium carbonate, GdjlCOjjj. 
I 3 H 2 O, where there is a little doubt about the exact proportion of wati*r. Accord¬ 
ing to P. H. M. P. Brinton and C. James, the, hydrolysis—rc])re8ented by the ratio of 
the amount of carbon dioxide evolved, when the carbonates arc boiled with water 
0 the original quantity of carbon dioxide present in the system—is: 


Time boiling . 

0-5 

1*0 

1-6 

20 

2-5 

3*0 

3*5 

4*9 

Eu,(COj)j . 

33-4 

37*4 

39-9 

41*9 

43(1 

45*1 

49*3 

47*0 


34-8 

38*9 

41*3 

43* 1 

44-4 

4r>u 

49*7 

47*9 

Tb,(COj, . 

376 

42*5 

45*7 

48*1 

— 

— 

- 

— 


)n comparing these results with those for the cerium metals the order of basicity 
8 . . . Pr, Nd, Sa, Eu, Gd, Tb, . . . 

The nitrates. —These salts are prepared as in the case of the nitrates of the 
jerium metals. E. Demarjay, V. von Lang and L. Haitinger, and C. Benedicks 
lound that hexahydrated l^olinium nitrate, GdfNOslj.CHjO, separates from aq. 
join, in triclinic crystals of sp. gr. 2'332, and which melt at 91°. V. von Lang and 
L. Haitinger gave for the axial ratios of the triclinic crystals 0 : 6 ;c=l : 1 796 :1'397, 
and a=90° 6', j8=109° 68', and y=109° 48'. C. Benedicks gave Od(NO»)8.6JHjO 
for the composition of the preceding salt, and he obtained the pentahydrate, 
GdfNOsls.SHjO, from cone, nitric acid soln. in prismatic crystals of sp. gr. 2'409, and 
m.p. 92°. This salt is less soluble in cone, nitric acid than any of the other rare 
earth nitrates which have been tried. C. Benedicks obtained long, hair-like, 
deliquescent crystals of ammonium gadolinium nitrate, Gd(N 03 ) 3 .NH 4 K 03 .nH 20 , 
from soln. which contained the component salts in the molar proportion, 
Gd(N 03)3 ; NH 4 N 03 =1:2. E. Demar(ay prepared nutgnesinm gadolinium nitrate, 
3Mg(N03)3.2Gd(N03)3.24H20. A. Hies found the trigonal crystals have the axial 
ratio o: c=l: 1‘6786. G. Jantsch found the sp. gr. C’163 'at 0°/4°; the mol. vol. 
723‘0; them,p., 77'5°; and the molar solubility 0'2252 grm. per litre of nitric acid of 
.sp. gr. 1-325 at 16°/4°. 6. Jantsch prepared ainc gadolinium nitrate, JZofNOsls. 
2Cld(N03)3.24H20, with sp. gr. 2-361 at 0°/4°; mol. vol., 717-6; m.p., 68-6°; and 
molar solubility, 0-2801 grm. per litre of nitric acid of sp. gr. 1-326 at 1^4°. 
G. Urbain and co-workers prepared hexahydrated terbtum nitnue, ThdlOs^OEfiO, 
in monoclinic needles from nitric acid soln. The salt melts at 89 3°. 
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§ 23. The Erbium Family o! Bare Earths 

For convenience, the four rare earth elements—dysprosium, Dy; holmium, Ho ; 
erbium, Er; and thulium, Tm—are considered as a family or sub-group of the 
yttrium elements. The history of these earths has already been discussed. 
The earth terbia, discovered by C. G. Mosander i in 1842, as previously indicated, 
was later designated erbia. All the members of this family have been separated from 
C. 6. Mosander’s terbia. They are characterized by their absorption spectra, and 
by furnishing highly coloured salts. They form basic oxides of the type M 2 O 3 ; of 
these dysprosia is the strongest base, then follow in order holmia, erbia, and thulia. 
The chemistry of these earths is very incomplete; erbium has been investigated 
more than the others. 

Erbia is one of the least abundant of the yttrium earths; some estimate it to 
be next to yttria in abundance; the erbia earths occur in virtually all the rare earth 
minerals, but visually to a very small extent. According to N. Engstrom and 
P. T. Clove, orthite from Hittero has 0'52 per cent, of erbia earths, and that from 
Ytterby, 2 00 per cent.; and, according to L. 6. Eakins, gadolinite from Colorado 
has J2-74-15’80 per cent, of erbia earths. The most convenient sources of these 
earths are xenotime, fergusonite, gadolinite, euxenito, polycrase, and blomstrandine. 

The isolation ol tte erbium earths. —The individual earths of this family 
are dcriv'ed from the mother liquids remaining after the separation of the cerium 
earths by the alkali sulphate process. The mixture of yttrium earths so obtained 
can be fraotioned by precipitation by bases; by the fractional decomposition of 
the nitrates; by the oxalate, chromate, acetylacetonatc, or ethylsulphate processes 
previously described. C. James * recommended the bromate process; and 
G. Urbain the ethyl sulphate process. In either case, three main fractions are 
obtained: (i) the least soluble fraction with terbium, dysprosium, holmium, and 
yttrium; (ii) an intermediate fraction with yttrium, dysprosium, holmium, and 
erbium; and (iii) the mos^ soluble fraction with erbium, thulium, ytterbium, • 
lutecium, and oeltium— vide general method of resolving a mixtmre of the rare earths 
into its components. 

The ilolution ol dnilfOelA.— Dysprosia was first isolated by L. de Boisbaudran' 
from J. L. Soret’s X-earth which P. T. Cleve considered to be holmium. Dysprosia 
was supposed by G. Kriiss and L. F. Nilson, W. Crookes, and 8 . Forsling to be a 
mixture of dements. In 1886, W. Crookes, in studying the cathodic phosphorescent 
spectra, was attracted by a citron band with wave-length A=5740. He assumed 
mt the brightness of the citron band would increase as the proMrtion of the dement 
responsible for it increased in his preparations. He traced the dement to the yttnnm 



THE EARE BARTHS 


697 


group, and finally identified it mth. yttrium; but Urbain showed that this is a 
wrong inference, for the band is generated by dysprosium. In order to isolate 
dysprosia the terbium ia eliminated in the less soluble fractions during fractional 
crystallization with the ethyl sulphates. The holmimn is eliminated by fractional 
crystallization of the nitrates from cone, nitric acid. The purification of dyspro¬ 
sium nitrate by the last operation is facilitated if bismuth nitrate be introduced 
as Vehment siparateur. The subject has also been discussed by C. C. Kiess and 
co-workers ; and by H. C. Kremers and co-workers. 

The isolation of holmia. —The fractional crystallization of the ethyl sulphates 
enables holmia to be separated from erbia, thulia, etc., and to be partially separated 
from dysprosia; the remaining dysprosia can be removed by the crystallization of 
the nitrates as indicated in connection with dysprosia. Yttria, however, was 
shown by G. Urbain to remain with the dysprosia, and he suggested removing yttria 
by the fractional decomposition of the nitrates, or by fractional precipitation with 
ammonia. P. H. M. P. Brinton and C. James highly recommend the basic nitrate 
method in the two forms herein outlined for the separation of erbium, holuiium, 
dysprosium, and the less basic earths from yttrium; and the crystallization of the 
chlorides from 1:1 hydrochloric acid for the separation of holmium and dysprosium 
from yttrium. L. F. Yntema and B. S. Hopkins preferred the sodium nitrite 
method to the phthalatc process. H. C. Kremers and C. W. Balke tried fractional 
precipitation with lactic acid, and ammonium carbonate; and the fused nitrate 
process. The earlier samples of holmia contained much dysprosia, and the later, 
less impure specimens have been called neo-holmia. 0. Holmherg employed the 
following process, and obtained holmia containing traces of erbia and dysprosia : 

Twenty-nine kgrma. of finely powdered cuxenite were decomposed in small ^lortions 
at a time with hot cone, sulphuric acid, and the excess of acid finally expelled. After 
cooling, the resulting mass was powdered and gradually added to cold water, whereby the 
ytterbium earths, oxides of cerium, iron, uranium, and some of the acidic oxides wore dis¬ 
solved. The soln. was completely precipitated with ammonia, the washed precipitate 
dissolved in cone, nitric acid, and the soln. heated to boiling; the filtrate from the pre¬ 
cipitate so formed was precipitated with oxalic acid, and the oxalate collooted and ignited. 
The resulting oxide amoimted to 5'5 kgrrns., and contained the holmium present in the original 
euxenitc. The oxide was transformed into oxalate and separated into two fractions by 
repeated treatment with a hot sat. soln. of ammonium oxalate, the oxalates of scandium, 
thorium, and of the ytterbium earths with the highest at. wt. lieing much more soluble 
than the oxalates of yttrium, terbium, etc. Tlie less soluble oxolatos gave 4773 grms. of 
oxides, and were treated for holmium by converting them into the m-nitrobenzonesul- 
phonates and submitting them to a long series of fractional crystallizations. The five 
least soluble fractions consisted of a mixture of yttrium, erbium, holmium, dysprosium, 
terbium, gadolinium, europium, and samarium ; they were converted into the nitrates and 
fractionally crystallized in the presence of bismuth nitrate, whereby gadolinium is eliminated. 
ThJ fourteen chief fractions consisted mainly of liolmium, dy^rosium, terbium, and vttrium, 
but europium, samarium, and erbium were also present. The holmium in these iractloiui 
was further cone, by the ammonium oxalate method ; the nitrate soln. of the three roost 
soluble fractions showed a strong holmium spectrum, but also a weak erbium and dysprosium 
spectrum. The oxide was yellow in colour, showing the presence of terbium, and the at. wt. 
144 showed that it contained a considerable content of yttrium. It was converted into the 
nitrate and again submitt^ to 160 fractionations, and the fractions richest in holmium sub- 
mitt^ to spectral examination ; they were found to be practically free from erbium, but 
contained a trace of terbium, a small quantity of dysprosium, and some yttrium (a^ut 
19 per cent.), the at. wt. determination giving the value 160. Two partial precipitations 
•with aniline raised the at. wt. from 160 to 166. • 

The isolation ol erWa.—Erbia of a high degree of purity has ptobably not been 
obtai^; the erbia of the earlier chemists undoubtedly contained much ytterbium, 
holmium, dysprosium, and thulium. The later, less impure, preparatioiw have 
called uso-erhto. The fractions from the preceding operations containing yttnum, 
erbium, thulium, ytterbium, lutecium, and celtium are fractionally crystallized either , 
by the hroraate process, or by the nitrate prwess; (i) the lewt soluble fractioM • 
contain neodymia, samaria, and gadolinia; (ii) the next fractions contain ^bi^ 
dysproria, yttria, and holmia; (iii) the next contain dysprosia, holmia, yttria, and 
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scandia; (iv) the next, yttria, erbia, and thulia; and (v) the last contain thnJia, 
ytterbia, erbia, lutecia, and celtia. The erbium bromate is less soluble than thulium * 
bromate, so that the erbia and thulia can be separated by the bromate process, 
but the yttria is not eliminated from the erbia. C. James said that this can be 
effected by the fractional decomposition of the nitrates, or by fractional precipitation 
with ammonia. P. H. M. P. Brinton and C. James strongly recommend the basic 
nitrate process for the separation of erbium, holmium, and dysprosium from yttrium. 
The subject was also discussed by L. Hermann, and C. C. Kiess and co-workers. 

The isolation ol thnlia. —C. James has described processes for the extraction 
of thulia from ytterspar (Norwegian xenotime), euxenite, and a Norwegian columbate 
resembling sipylite. The liquors containing the yttria earths were converted into 
bromates, and fractionally crystallized. The thulium collected in the fractions 
between erbium and ytterbium. The fractions in which the thulium bands were 
intense were finally submitted to a long series of recrystallizations, as they con¬ 
sisted mainly of ytterbium and lutecium, with some erbium and traces of scandium. 
The thulium was gradually cone, in the fractions next to the least soluble erbium, 
and when free from erbium, the soln. possessed a bluish-green colour. The pre¬ 
sence of a little erbium turns the colour yellowish-green, a little more renders it 
colourless, and further addition changes it to pink. The various colours so obtained 
were made use of in collecting the fractions. It was found that the thulium 
fractions did not change in colour, always retaining a greenish tint when in soln. 
Other methods of fractionation were tried, but none could be compared with the 
bromate method. Spectroscopic examination of the purest thulium fraction ob¬ 
tained showed it to contain a trace of ytterbium and a very faint trace of calcium. 

The metals of the four erbia earths have not been examined. S. Meyer 3 
described the metal erbium as a dark grey metallic powder of sp. gr. 4 77 at 15°. 
Dysprosium salts arc yellow or greenish-yellow ; holmium salts are yellow or orange ; 
erbium salts are rose-red; and thulium salts are green. The flame spectrum of 
erbia has been examined by J. F. Bahr,‘ R. Bunsen, L. de Boisbaudran, R. Thal4n, 
W. Crookes, K. A. Hofmann and co-workers, W. B. Anderson, and K. Schaum and 
H. Wllstenfcld; while that of thulia has been examined by R. Thal4n. The lines 
in the discontinuous flame spectrum of erbia are approximately in the position of 
the absorption bands—uide infra. The spark Spectrum of dysprosium has been 
studied by G. Urbain,* by L. de Boisbaudran, etc. The five lines in the visible 
spectrum are 6836, 5750, 6700, 5269, and 5259. There is a large number of lines 
inihe ultra-violet. The arc spectrum has been studied by G. Ebcrhard, J. M. Eder 
and B. Valenta, C. C. Kiess, G. Urbain, F. Exner and E. Haschek, etc. The more 
prominent lines have wave-lengths 3385T6, 3531-86, 3645-54, 3898-69, 3944-83, 
4000-59,4078-11,4187-00,4211-82. 

The spark spectrum of holmium has been studied by L. de Boisbaudran,* 
G. Eberhatd, and F. Exner and E. Haschek; and the arc spectrum by G. Eberhard, 

J. M. Eder and E. Valenta, and F. Exner and E. Haschek. The older observations 
were made on a mixture of at least two elements; the element prepared of a higher 
degree of purity is called for distinguishing purposes neo-Mmiam. F. Exner and 
E. Haschek record about 2300 lines in the arc spectrum, and 1900 in the spark 
spectrum. The more important lines in the arc spectrum are 3399-12, 3425 49, 
3429-27, 3466-16, 3474-40, 3484-98, 3516-73, 3698-92, 3748-32, 3757-41, 3889-10, 
3891-17, 4046-58, and 4264-69. 

The spark spectrum of erbium has been measured by F. Exner and E. Haschek,^ 
R. Thalfin, Q. Eberhard, etc. The most prominent and persistent lines are 3230-72, 
3264-91, 3312-66, 3372-92, 3499-28, 3692-85, 3896-40, 3906-4T, and 3938-79. The 
are spectrum of erbium has been measured by F. Exner and E. Haschek, J. M. Eder 
and E. Valenta, G.. Eberhard, etc. The most intense lines are 3230-73, 3264-91, 
3312-66, 3372-92, 3499-28, 3692-86, 3896 10, 3906-47, 3938-79, 3973-26, 3973-78, 
4008-12, 4020-69, 4069-98, 4087-80, 4143-11, 4419-78, 4663-46, 4631-10, 4676-77, 
4769-83, 6827-01, and 6221-22. 
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D o'* thulium has been investigated by F. Exner and 

B. H^hek,8 and the arc speotrom by F. Exnei and E. Haschek, J. M. Edcr 
and E. Valenta, C. A. von Welsbaoh, etc. The most intense lines in the arc 

3425-27, 3462-37, 3441-71, 3463-82, 
3734-29, 3744-22, 3761-49, 3762-09, 3795-90, 
3848 13, 4094 33, 4105-99, 4187-79, and 4481-44. E. Paulson has described some 
regularities in the spectrum of thulium. 

L. de Boisbaudran,* and 6. Urbain have studied the reTCtaon spectrum of 
dysprosia; it shows a yellow phosphorescence; and the chloride exhibits two 
bands with maxima at A=57M and 4766. The cathodic phosphorescent spectrum 
of dysprosium has been investigated by G. Urbain; it is yellow or greenish-yellow,- 
The X-ray spectra of dysprosia, holmia, and erbia have been studied by 
H. G. J. Moseley,ti and E. Friman, and W. Duane measured the absorption 
frequencies of the X-rays for dysprosium. J. Carrera gave for the absorption 
coefi. for the K-series of X-ray spectra, Dy, 62 93 ; Ho, 64-09 ; Er, 64 99; and 
Tu, 66'11. The K-series of dysprosium were measured by W. Duane and 
T. Shimizu, and M. Siegbahn and E. Jonsson; and that of holmium by 
M. Siegbahn and E. Jonsson. The L-series were examined by D. Coster and 
co-workers, E. Hjalmar, and M. Siegbahn, who gave for dysprosium, 020^=1-91564 - 
aia=l-90460; ^i;8=l 70658 ; i32y=l'61976 ; yi8=l-467 ; y2®=l-419 ; fte 
=1-718; ^3^=1-680; y3K=l-468; and 5 / 4 ^= 1-437 ; for holmium, 030 '= 1-85206; 
oio=l-84098; j8j;8=l-64352; i32y=l-56365; yiS=l-412; y2d=l-366; ^.1=1-653; 
^3^=1-61677; and y2x=l'415; for erbium, O2o'=l-79140; oio=l-78040; 
=1-58344; )32y=l-5142; y,8=l-363; r;=l-725; y29=l-320; ^4e=l-596; (3^ 
=1-556; and y3x=l-313. For the M-series, E. Hjalmar, and G. Wentzel gave for 
dysprosium, 0=9 509, (3=9-313 ; for holmium, 0 =9-123, (3 =8-930; and for 
erbium, a=8-770, ;8=8-561. J. 0. Perrine found erbium oxide showed no ultra¬ 
violet fluorescence. 


The absorption spectra of dysprosium salts exhibit four bands in the visible 
region, measured by L. do Boisbaudran,^! and seven in the ultra-violet, measured by 
G. Urbain. H. C. Jones and W. W. Strong, and L. F. Yntema, have also studied 
the absorption bands of dysprosium salt soln. The heads of the absorption bands 
with didymium chloride soln. are at 7530, 4750, 4515, 4275, 3970, 3865, 3795, 3650, 
3510, 3380 , and 3225. The absorption spectrum of holmium salts was originally 
characterized by two bands, A=6400 and 5360. There are, however, 16 bands which 
have been measured by 0. Holmberg, G. Urbain, L. F. Yntema, and S. Forslkig. 
These bands are A=6577-6551, 6538 -6518, 6446-6418,6414-6384, 6491,5438 -5427, 
6411-5401, 6385-5349, 4910, 4860 4846, 4830, 4683-4672, 46544459, 4223-4216, 
4179-4152 when a 21V-soln. of a holmium salt is used. The absorption spectra of 
erbium salts have sharp red, green, and blue bands which have been measured by 
B. Bunsen, P. T. Cleve, J. L. Soret, S. Forsling, L. F. Yntema, K. A. Hofmann and 
co-workers, F. Exner, etc. The data are not concordant, presumably because of 
the presence of impurities in the specimens, and it is not at all certain if all the bands 
are really due to erbium. S. Forsling gives the following: 6865, 6530-6616, 6483, 
6490, 6412, 6231, 5202-5188, 4908, 4871, 4845-4634,4497, 4427, 4084, 4069, 4068, 
4050, 3792, 3644, 3637, 3588, and 3661. K. A. Hofmann and 0. Burger could not 
locate the bands 6483, 5490, and 4534. A. H. Pfund 9 bserved the bands 0-649ft, 
O-987/.t, 0-797/u, and 0-980;* in the infra-red region. H. C. Jones and W. W. Strong 
investigated the effect of temp, on the bands; and F. Wick, the effect of press. 
B. du Bois found that, at the temp, of liquid air, and under the influence of a 
magnetic field, new absorption bands appear. The absorption spectra of thulium 
shits were investigated by P. T. Cleve, B. Thalfe, L. F. Yntema, etc. 8 . Forsling 
found characteristic bands at 7016, 6846-6825,6593-6585, 4643,3604, and 3604r- 
3696. A, Danvillier, 6 . Wistrand, and B. Cabrera have discussed tbs magnattc < 
pnpntiet of these elements. 

Tto atomic weighte of toe erUtun metab.— The general reactions of the 
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aalt 8 of the erbium family are similar to those of yttrium salts. G.'UrbamW 
observed no signs of the complexity of dysprosia in fractionating the ethyl sulphate 
and the nitrate. Forty consecutive fractions of the purified earth were practically 
identical. S. Forsling denied the elementary nature of holmium; and G. KrUss 
and L. F. Nilson, and K. A. Hofmann stated that holmia is a n^ure; but 0. Holm- 
berg, and A. Langlet have shown that holmium can be obtained showing but the 
merest traces of erbia and dysprosia. J. L. Soret, and P. T. Cleve showed that the 
old erbia was complex, and holmia and thulia were separated from it. C. A. von 
Welsbach, G. Krilss and L. F. Nilson, C. James, and W. Muthmann and L. Weiss 
stated that erbia is complex, but the later work of K, A. Hofmann, and C. James 
and co-workers shows that erbium is homogeneous and elementary. R. Marc 
denied the elementary nature of thubum; and C. A. von Webbach stated that 
he has fractionated thulium into three elements which he named provisionally 
Tmi, Tmj, and Tmj. Ju contraire, C. James failed to effect any separation 
of thulium into dissimilar parts by 15,000 crystallizations of the bromate. 
According to H. G. J. Moseley’s relation between the vibration frequencies of the 
X-ray spectral lines and the atomic numbers dysprosium, holmium and erbium are 
probably elemental, and if thulium be elemental, the four places between erbium 
and tantalium are filled by thulium, ytterbium, luteeium, and celtium. The atomic 
numbers are Dy, 66 ; Ho, 67 ; Er, 68 ; Tm, 69. F. W. Aston found that erbium 
has a series of boiopes from 164 to 176. 

In 1905, G. Urbain obtained values between 162'64 and 162’28 for the at. wt. 
of dysprosium; and in 1906, as a mean of six determinations, G. Urbain and 
M. Demenitroux obtained 162'29 to 162'75—mean 162'52—from the ratio 
Dy 2 (S 04 ) 8 . 8 H 20 ; DyjOs; after a further purification of the same material, values 
between 162'36 and 162'63—mean 162‘64—were obtained; another determination 
gave 162'49. 6 . D. Hinrichs recalculated G. Urbain’s results and obtained 162'6. 
E. W. Engle and C. W. Balke obtained 164-228 for the ratio Dy^Os: 2 DyCl 3 ; and 
H. C. Kremers, B. S. Hopkins, and E. W. Engle showed that the ratio 
Dy 2 (S 04 ) 3 . 8 H. 20 : DyjOs is not constant because the octohydrate is not constant in 
composition when dried over cone, sulphuric acid. They obtained 163-83 from the 
ratio 2 DyCl 3 ; Dy 203 ; and 162-52 from the ratio DyCls: 3Ag. The International 
Table for 1921 gives 162-5 as the best representative value for the at. wt. of 
dysprosium. 

In 1879, P. T, Clove obtained 160-161 for the at. wt. of holmium, but the 
material contained traces of erbium and dy.sprosium. K. A. Hofmann and G. Kruss 
found for various holmium fractions at. wt. between 158 5 and 169-4. G. Urbain 
believqs the at. wt. lies between 162-5 and 167. 0. Holmberg obtained 156 ; and 
later still, 163 5. The International Table of at. wt. for 1921 gives 163-5 for the 
best representative value of the at. wt. of holmium. 

In 1864, M. Delafontaineobtained 118-7 for the at. wt. of erbium from the 
ratio Er 2 (S 04)3 Er 203 , but he was working with very impure material. J. F. Bahr 
and R. Bunsen, working with a more highly purified material, obtained 169-08 
from the ratio ErjOs: Er 2 (S 04 ) 3 . From the same ratio P. T. Cleve and 

O. M. Hfiglund obtained 170-59; J. S. Humpidge and W. Burney, 171-62; 

P. T. Cleve, 166-26; K. A. Hofmann and G. Krilss, 166-4-172-4; B. Brauner, 167-14; 
W. Nernst and E. H. Riosenfeld, 161-0-163-3; K. A. Hofmann and 0. Burger, 
167-4; 0. Brill, 166-76, The results are unsatisfactory because of the difficulties 
attending the separation of yttria, etc. The International Table for 1921 gives 
167-7 as the best representative value for the at. wt. of .erbium. The at. wt. of 
thulium has not been accurately determined. P. T. Cleve gave 170-7 -without 
describing the procedure. Q. Urbain said that the at. wt. is below 168-6. The 
International Table for 1921 gives 168'6 as the best representative value for the at. 
wt. of thulium. 
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< § S4. Compounds ot the Erbium Earth Metals 

The oxides of these earths arc obtained by igniting the oxalates or the salts of 
the vdlatile oxy-acids. According to G. Urbain,i dj^prosium oxide, DyjOj, or 
drairosia, is wUtc, and docs not form a peroxide, nor absorb oxygen when heated 
in that gas, and it is not affected by heating in hydrogen. It dissolves in acids to 
produce green or yellow salts. E. W. Engle and C. W. Balke gave 7'81 for the sp. gr. 
of dysprosia at 2774°. 0. Holmberg found that purified holmia or holmium oxide, 
HogOj, has a pale yellow colour, and dissolves in acids to produce yellow or orange 
salts. According to P. T. Cleve, erbium furnishes rose-red erbia or erbium oxide, 
ErgOg, which dissolves in acids to give intensely red salts. The colour of erbia 
remains unchanged after strong ignition. W. W. Coblentz examined the ultrsr-red 
emission spectrum and fdund maxima at 2/t, 2'86/i, 3'2/i, 4'lju, 5|a, and 7'6pi. 
W. S. Mallory investigated the distribution of energy in the spectrum of erbium 
oxide. C. James prepared thulia or thnhum oxide, TmiOa, as a dense white 
powder with a greenish tinge; it emits a carmine-red glow when heated, and 
as the temp, is raised the glow becomes yellow, and then almost white, 
0. A. vorrWelsfaaoh’s tbnlium-lfwas also stated to give a white sesquioxide which 
when heated in the flame gave a purple light quickly succeeded by a brilliant glow. 
Thulia dissolves in acids to form green soln. The colours of erbium and thwum 
salts are almost oomplementary, so that traces of the one have a marked influence 
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on tiio other. The salts of thulium-II were said to be pale yellowish-greeu by day- 
light and emerald-green by artificial light. ^ 

According to L. F. Nilson and 0. Pettersson, erbia has a sp, gt. 8'64, and a sp. 
ht. of 0’065 between 0° and 100°. W. R. Mott gave 3000° for the b.p. of erbium 
oxide. W. W. Strong said that the salts of erbia are feebly radioactive when tested 
by the photographic method. W. S. Mallory, and E. L. Nichols and H. L. Howes 
found the emissivity of erbium oxide is greater at 1000° than that of an ideal black 
body; this is attributed to the luminescence of the oxide. E. L. Nichols and 
H, L. Howes studied the luminescent spectrum of the incandescent oxide. 
E. H. Williams found the magnetic susceptibility of erbium oxide to be 188-6 x 10-« 
at 20°; 201-7 Xl0-« at 0°; 234-8 xl0-« at -40°; 282-3 Xl0-« at -80°; 
314-8 XlO-« at-100°; 355-0x10-* at-120°; and 402-8x10-* at-140°. Accord¬ 
ing to G. Urbain, dysprosia is the most strongly paramagnetic oxide known; its 
magnetic susceptibility is 290x10-*, a number 12-8 times as large as that of ferric 
oxide. E. H. Williams gave for the magnetic susceptibility 233 3x10-* at 20°; 
250-0x10-* at 0°; 291-3x10-* at-40°; 291-3x10-* at-80°; 384-2x10-* at 
100°; 430-2x10-* at -120°; and 490-0x10-* at -140°. E. Wedekind and 
P, Hausknecht found the mol. magnetism to be -)-40600xlO-*. Erbium-oxide 
does not unite directly with water; dysprosium hy^xide, DyfOHlj, is obtained 
by treating soln. of the salts of dysprosium with ammonia; holmium hydroxidei 
Ho(OH )3 ; erbium hydroxide, Er(OH)s; and thulium hydroxide, TmfOHls, "* 
produced in a similar manner. The addition of hydrogen dioxide and ammonia 
to soln. of erbium salts furnishes hydrated erbium pi^xide. 

F. Bourion obtained anhydrous dysprosium chloride, DyClj, by passing a 
mixture of chlorine and sulphur chloride over the heated oxide. E. W. Engle and 
C. W. Balke prepared the highly purified chloride for their at. wt. determination. 
The yellow shining crystals are said to have a sp. gr. of 3-67, and melt at 680°. 
According to E. W. Engle and C. W. Balke, anhydrous dysprosium chloride dis¬ 
solves slowly and completely in water developing much heat, and forming a soln. 
which is almost neutral to litmus, quite neutral to methyl orange, and faintly acid 
to phenolphthalein and methyl red. G. Urbain and 0. Jantsch found that the aq. 
soln. furnishes bright yellow crystals of the hexahydrate, DyClj.fiHjO, which 
resemble the corresponding terbium salt but are less deliquescent. C. James 
obtained green crystals of heptahydrated thulium chloride, TmCl3.7HjO, by crystal¬ 
lization from a soln. of the oxide in hydrochloric acid. The salt is very soluble in 
water and in alcohol. F. Bourion showed that when anhydrous dysprosium ehlojido 
is heated in oxygen, it furnishes yellowish-green leaflets of dysproeium OXychlotide> 
DyOCl, which is insoluble in water, but dissolves slowly in nitric or hydrochloric 
acid. K. A. Hofmann and K. Hoschele made crystals of erbium oxydhlotide, 
ErOCl, from a soln. of the oxide in fused magnesium chloride. G. Wistrand found 
the magnetic susceptibility of holmium chloride is 172-0x10-*, when the value 
for water is -0-7260 xl0-». F. Bourion made anhydrous dys^oMuffl bromide, 
DyBrs, by heating the oxides in a stream of sulphur chloride vapour mixed with 
an excess of hydrogen bromide. 

Q. Urbain and M. Demenitroux found that a soln. of dysprosia in sulphuric acid 
furnishes pale yellow crystals of octohydrated dysprosium sulphste, Dy2(S04)3.8H30, 
which are stable in air at 110°, and are dehydrated at 360°. The anhydrous sulphate 
furnishes the oxide at a white heat. The sulphate dissolves in water giving a faintly 
acid soln. 0. Holmberg made holmium sulphate. P. T. Cleve showed that a soln. 
of erbia in sulphuric acid furnishes red monoclinic crystals of octohydrated arMum 
sul^iate, lr3{S04)8.8H20, when slowly cone, at 20°-25°. According to E. H. Kraus, 
the axial ratios are o: 5: c=3-0120; 1:2 0043, and j8=118° 27'. There is a feeble 
double refraction. H. Topsoe gave 3-217 for the sp. gr.; L. F. Nilson and 0. Petters¬ 
son gave 3-18; and E. H. Kraus, 2-731. The crystals arc said to be isomorphons , 
with the corresponding salts of praseodymiian, neodymium, and yttrium. Accord¬ 
ing to F. Wirth, 100 grms. of aq. soln. at 26° contain 11-94 gnns. of Erj(804)|, when 
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the eolid phase is the ootohydrate. P. Wirth gave for the percentage solubility in 
sulphuric acid—i.e. grams of Br2(S04)8 per 100 grms. of sat. soln.—with the octo- 
hydrate as the solid phase: 

Normality of H,SO, . 0 O'l 0-605 1-1 2-10 0-176 12-0 

Er,(SOJ, . 11-94 12-02 10 104 0-549 0-473 1-621 0-1380 

8. H. Katz and C. James said that the salt is slightly hydrolyzed in aq. soln. Accord¬ 
ing to 0. Brill, and K. A. Hofmann and co-workers, anhydrous erbium sulphate, 
Er2(S04)s, is formed when the octohydrate is heated to 400° for a long time; the 
sp. gr. is 3-68. B. Wedekind and P. Hausknecht found the mol. magnetism of erbium 
sulphate to be -t-36700 X10“®. The salt commences to decompose at 630°, and white 
acicular crystals of erbium dioxysulphate, Br203.S03, or Br203(S04), are formed 
at 845°; and this compound begins to decompose at 950°, and is completely con¬ 
verted into the oxide at 1055°. The double salts, potaieium erbium sulphate, 
K2S04.Er2(S04)3.4H20, and ai^ouium erbium sulphate, (NH4)2S04.Br2(S04)8. 
4H2O, are formed by crystallization from an aq. soln. of the component salts. They 
are readily soluble in water. 0. James prepared green crystab of octohydrated 
thulium sulphate, Tm2(S04)3.8H2d, by adding an excess of alcohol to a soln. of the 
chloride in dil. sulphuric acid. The salt is dehydrated at a red heat. 

According to 6. Jantsch and A. Ohl, dysprosium carbonate, Dy2(C03)3.4H20, 
is formed as an insoluble powder when an aq. suspension of the hydroxide is sat. 
with carbon dioxide. At 15°, it loses 3H2O. When added to a cone. soln. 
of ammonium carbonate, it gradually changes into the white, crystalline, and 
sparingly soluble dysprosium ammonium carbonate, NH4Dy(C03)3.H20, which loses 
ammonia at 60°. C. James also prepared thulium carbonate. P. H. M. P. Brinton 
and C. James found the percentage hydrolysis of dysprosium and thulium car¬ 
bonates, expressed as a ratio of carbon dioxide given off op boiling with water to 
the total carbon dioxide originally present. 


Hrs. boiling 

. 0-6 

10 

1-6 

2-0 

2*6 

3-0 

Dy.(co,), 

. 40-0 

44*4 

47-6 

49*9 

61-4 

62-8 

Tm,(CO,), 

. 49-0 

63*1 

66-5 

67*6 

59-3 

— 


G. Urbain and 6. Jantsch prepared yellow crystals of pentahydrated dysprosium 
nitrate, Dy(N03)3.5H20, more resembling the bismuth salt than the terbium salt. 
This salt loses its water of crystallization in a dry atm. The pentahydrate melts at 
88-6° in its water of crystallization. It dissolves in water giving a neutral soln. 
P. T. Cleve obtained red crystals of pentahydrated erbium niteate, Er(N03)3.5H20, 
by concentrating a soln. of the oxide in nitric acid. The crystals are stable in air at 
ordinary temp. 6. A. Barbieri and F. Cabolari made a complex with hexamethylene¬ 
tetramine, and T. H. Behrens, one with antipyrine. C. James prepared green 
deliquescent crystals of tetrahydrated thulium nitrate, Tm(N03)3.4H20, by crystal¬ 
lization from nitric acid. The salt is very soluble in water. The amount of water 
of crystallization in the salt corresponds with that in paleo-ytterbium— wokaios, 
ancient. 0. Wistrand found the magnetic susceptibility of holmium nitrate is 
132-6x10“* when the value for water is —0-7260x10“*. 

According to G. Jantsch and A. Ohl, dysprosium phosphate, DyP04.6H20, 
forms first as a gelatinous precipitate on mixing a soln. of the nitrate with 
ammoniacal sodium phosphate soln.; on keeping for three or four days it becomes 
crystalline, and then forms a white powder with a yellow tinge. A mol of the salt 
loses five mob of water above 200°. K. A. Walboth made rose-red rhombic prisms 
of sodium erbium pyrophosphate, NaBrP20;, by fusing microcosmic salt with 
erbia. The salt is soluble in dil. acids. 

BsrsaxKozs. 

' * G. Urbatn, Compl. Send., 142 . 786,1900; 146 . 922, 1908 j G. Urbain ahd M. Demenitroux, 

it., 143 . 698,1906; G. Urbain and G. Jantsch, 146 . 127,1908 j F. Bourion, *6., 146 . 62, 243, 
1907 i Ann. Chim. Pkte., (8), 20 . 547, 1910; G. Jantsch and A. Ohl, Ber., 44 . 1274, 1911; 
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O Holmbere, ilftiv. Kmi Min. Qed., 4.2,10,1911; Ztit. anorg. Chm., 71 . 220,1911 •, 0. Brill, 
a W. 404, 1905; F. Wirth, ft., 78 . 174, 1912; L. F. Nilson and 0.1’ettemon, Btr., 13 . 1459, 
18W • Comvl. Rend; M. 232, IMO; W. W. Strong, Amrr. Chem. Jaunt., 42 . 147, 1909; 
W. S.' Mallory, Pigs. Rev., (2), 14 . 64,1919; E. L. Nichols and H. L. Howes, Sciente, (2), 65.5.1, 
1922 ' Phys. Rev., (2), 19 . 300,1922; W, R. Mott, Trans. Anter. EIrrtroehem. Sac., 34 . 256, 1918: 
C. Ja'mea, Jaunt. Amer. Chem. Sac., 33. 1332, 1911 ; E. W. Engle and 0. W. Balke, ft., 39 . 53, 
1917 : S. H. Kata and 0. James, ft,, 36. 779, 1914 ; C. James and H. C. Holden, ft., 35. 559, 
1918P. H. M. P. Brinton end C. James, ft.. 43 . 1440, 1921 ; C. A. von Welsbaoh, Zeit. atmrg. 
Cheni., 71 . 439. 16U ; E. H. Kraus, Zeil. Krysl., 84. 307, 1901; K. A. Hofmann and 0. Burger, 
Ber., 41 . 308, 1908; K. A. Hofmann, ft., 43 . 2031, 1910; H. Topsoe, Bihattg. Smska Akad. 
Haiidl., 2. 5, 9,10,32, 33, 1874; W. W.Coblont7../ni)f«(iga/io*iso/7n/ro rfdSpfrtm.Washington, 
7 . 117 1908; G. Wistrand, Magndisica susceptibilUeten has Kmrts, Tellur, oeh n&jra Unlmiunt. 
f^ninoar,u'peala, 1916 ; K. A. Hofmann and K. Hoachele, Bn., VI. 238. 1914; E. H. Williams, 
Pius. Rev., (2), 14 . 348, 1919; Chem. Reirs, 119 . 287, 1919 ; E. Wedekind nnd l>. Hauskneoht, 
Ber 64 B, 253, 1921 ; O. A. Barbieri and F. Calaolari, Atti AceaJ. lAmei, (5), 20. i, 164, 
loii’- T. H. Behrens, Rec. Trav. dim, Pays-Bas, 23 . 413, 1904 ; P. T. Cleve, Compf. Send., 91. 
381, 1880; K. A. Wallroth, Bull, Sac, dim,, (2), 39 . 316, 1883. 


§ 26. The Ytterbium Family ol Earths 

The ytterbium family of earths includes two little-known element*—ytterbium, 
Yb ■ and lutecium, Lu, which have been obtained from the ytterbium separated by 
J.cIg. deMarignaci from the erbium earths in 1878, J. Gadolin syttria was resolved 
by C. G. Mosander in 1842 into yttria, terbia, and erbia; the erbia was resolved 
bv J. C. G. de Marignac into rose-coloured erbia and colourless ytterbia. The pro¬ 
perties of ytterbia were investigated by b. F. Nllson, A. Glcve, (de. ’i ttobium 
was considered to be an element until 1905, when C. A. von Welsbaoh stated that the 
spectroscopic evidence showed that it is probably complex. In 19OT, G. Urbam, 
and in 1908. C. A. von Welsbach, described how ytterbium could be resolved 
into two elemental forms. The latter suggested the name aldehiramum 
and cassiopeium for the components of the old ytterbium; but G. ’ 
considered to be the discoverer of these two elements, and his terms 
or simply ytterbium, and lutecium are now generally " ’ *1" “T! ” 

G Urbain’s paleo-ytterbium was xenotime. The lines A-5104 6, 5067 4, and 
6009-7 do not appear in the arc spectrum of lutecium, or neo-ytterbium, the com¬ 
ments r^terW^ but they appear in the spectrum of paleo-ytterb.um Hence, 
ft is inferred that ytterbium must contain yet another element, different from the 

%e"teCmrbium and lutecium occur in virtually all the mineral. 

yttertium coasted starting-point is the soluble double alkali 

sulphates yXXal hvS.Tmmonia, or aniline; the oxide process ; 

—e.g. precipitation by J . precipitation by oxalic or chromic acids, 

tion of erbium thuto. n^yttobu^, to s,5»rate the 

satisfactory. He made *^^ ,. *j f-Jthe double ammonium oxalates from 

-“-Sr*” 

VOU V. 
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and lutecium, but he could obtain no spectroscopic indication of such an Mement. 
C. James fractioned the mixed bromates for ytterbium. At the end of a long series 
of fractional crystallizations of ytterbium nitrate derived from gadolinite using cone, 
nitric acid as solvent, G. Urbain obtained a non-crystallizable mother liquor which, 
with ammonia, furnished what he called celtia. The new earth was afterwards 
shown to be a mixture of known earths. 

The spark spectrum of neo-ytterbium has been investigated by C. A. von 
Welsbach,2 and E. Bxnet and E. Haschek. The arc lines have b4en measured by 

F. F,xner and B. Haschek, J. M. Bder and B. Valenta, etc. J. Blumenfeld and 

G. Urbain found the more intense arc lines of purified neo-ytterbia are 2398-1, 
2464-6,2512-1,25.38-7,2653-9,2776-4,2784-8,2831-1,2891-5,2970-7, 3005-9, 3031 -3, 
3107'9, and 3298-4. They fonnd about 600 lines in the region between 2300 and 
3.500. They also examined the ultra-violet spectra. The cathodic phosphorescent 
spectrum has been examined by G. Urbain. E. Friman measured the high frequency 
X-ray spectrum of ytterbium; and E. Hjalmar the M-serics of the X-ray spectrum. 

The spark spectrum of lutecium has been examined by C. A. von Welsbach, 
G. Urbain, and J. M. Bder and B, Valenta. The arc spectrum of lutecium has also 
been investigated by J. M. Bder and B. Valenta, and by F. Exner and E. Haschek, 
etc. The more intense lines ate 2615-50,2911-53,3077-75,3198-27,3264-45,3281-89, 
3312 .30, 3359-74, 3376-69, 3397-21, 3472-66, 3507-57, 3608-65, 3654-58, 3668-00, 
3624-10, 3636-41, 3876-80, 4124 87, 4184-40, 4618 74, 6476-88, 6983 92, 6984-32, 
6222-10, and 6463-40. The high frequency or X-ray spectrum of lutecium has been 
studied by B. Friman. The L-series of the X-ray spectra of ytterbium and 
lutecium wore measured by D. Coster and co-workers, E. Hjalmar, and M. Siegbahn, 
who gave for ytterbium, a2a'=l-6789; Oia=l-66779; j3i^=l-472; ^ 2 y=l' 112 ; 
Vi8=l-265; f,=1-892; r)=l-618; y2d=l-226; ^3^=1-448; and 

y 3 X=l' 221 ; and for lutecium, a2a'=l-6236; oia=l-61161; |3ij3=l-417; 
^27=1-366; yi8=l-220-, fj=l-834; y2®=l’184; 1840=1 434: =1395; and 

y8X=l-180. For the M-series, E. Hjalmar, and 6 . Wentzel gave for ytterbium, 
0=8-123, ^=7 895; and for lutecium, a=7818, /3=7-687. The cathodic phos¬ 
phorescent spectrum has been examined by G. Urbain. M. de Broglie and 
J. Carrera gave for the absorption coeff. of the K-seties of X-ray spectra, Yb, 
67-23; and Lu, 68-34. A. Dauvillier, and B. Cabrera have discussed the magnetic 
properties of those elements. 

J. Blumenfeld and G, Urbain sought a new element between thulium and 
ytterbium, and considered it very unlikely that such a one exists. The in¬ 
dividuality of ytterbium, and lutecium fits in -with H. G. J. Moseley’s work on the 
X-ray spectra, and with the assumption that these elements have the atomic 
numbers, Yb, 70; and Lu, 71— vide infra. The atomic weight of paleo- 
ytterbium was found to be 172-5 by J. C. G. de Marignac; ^ L. F. Nikon gave 
17316: A. CSeve, 173-11; and B. Brauner, 173 08. In each case the at. wt. was 
computed from the ratio ¥ 6203 ; ¥ 82 ( 804 ) 3 . For neo-ytterbium, G. Urbain first 
obtained 170-1 and 173'4 for lutecium; later, from the analysis of the octohydrated 
sulphates, he obtained 170 66 for neo-ytterbium and 174-04 for lutecium. C. A. von 
Wekbaoh obtained 172-9 for neo-ytterbium and 174-26 for lutecium from the ratio 
1 ^ 2 ( 804 ) 8 ; R 2 O 3 ; and still later, he obtained neo-ytterbium 173-0 and lutecium 
175-0. J. Blumenfeld^and G. Urbain obtained 173-64 for the at. wt. of neo-ytterbinm. 
The International Table of ht. wt. gives 173-6 as the best representative value for 
the at. wt. of ytterbium, and 176'0 for that of lutecium. 

A. Cleve found paleo-pttabiim oxide, or yUerbia, ¥ 8303 , to be colourless, but 
if it contains a trace of thulium, it assumes a brown or yellow tint. According to 
L. P. Nikon, the oxide has a sp. gr. 9-176, while L. F. Nikon and 0. Pettersson found 
0-0646 for the sp. ht. G. Urbain found neo-ytterbia was likewise white; and k 
. more paramagnetic than lutecium. 8 . Meyef^gave 18-3x10^ for the magnetic 
su^ptibility; and J. Blumenfeld and G. Urbain, 33-6 xlCU*. L. F. Nikon, a;^ 
. J. 0. 6 . de i^rignao said that paleo-yitwMa fuses with difficulty; and it dksolvee 
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slowlT in dil. aoids in the cold, and rapidly when heated. J. C. G. de Matignao 
desoobed paleo-^terbium as a gelatinous precipitate, ytierbinm hydroxide, Yb(OH) 3 , 
obtained by ad^g ammonia to a soin. of the salt. C. A. von Welsbach obtained 
colourless loteow, or lutecium oxide, LujOa; 6 . Urbain said that it is lour to five 
times less paramagnetic than neo-ytterbium. All these oxides and hydroxides react 
with acids to form colourless salts with no visible absorption spectrum. 

According to A. CSeve, a soln. of paleo-ytterbia iu bydrochloric acid furnishes 
crystals of hexahydrated ytterbittm (boride, YbCls.bHjO; and the same salt is 
obtained by saturating the aq. soln. with hydrogen chloride. The salt is readily 
soluble in water, and is deliquescent. W. W. Coblents studied the ultra-red trans¬ 
mission spectrum. Ytterbium chloride furnishes a chloroplatinate and chloroaurate. 
When the chloride is heated in a stream of hydrogen chloride it furnishes ytterbium 
oxychloride, YbOCl, as a white deliquescent mass. G. Urbain found anhydrous 
lutedum chloride, LuCls, to be more volatile than anhydrous neo-ytterbium chloride, 
YbClai but- less so than scandium chloride. A. Clevc similarly made paleo- 
ytterbhim bromide, YbBrs.SHjO, which is more deliquescent tlian the chloride. 
She also made the bromoplatinate. 

L. P. Nilson, and A. Cleve found that a boiling soln. of paleo-ytterbia in sulphuric 
acid furnishes crystals of octohydrated ytterbittm sulphate, Yb 2 (S 04 ) 3 . 8 Hj 0 , 
and similar crystals are obtained by spontaneous evaporation at ordinary temp. 
The sp. gr. of the crystals at 20° is 3-3; and L. F. Nilsoji gave 3 286. L. F. Nilson 
and 0. Pettersson gave for the sp. bt. 01788. When heated, the octohydrate 
furnishes crystals of the anhydrous sulphate, YKifSO^lj, which has a sp. gr. .3 62 
according to A. Cleve; L. P. Nilson gave 3 793, and for the sp. ht. 010.39. The 
solubiUty, like that of other rare earth sulphates, decreases with rise of temp. 
Expressing the yesults in grams of Yb 2 ( 804)8 in 100 grms. of water, A. Lleve 
found: 


YbdSO,), 


16-S° 35“ 65“ 60" 

34'6 19-6 11-6 10-4 


70 “ 80 " 00 " 100 " 

7-22 6-03 ■ 8'83 4-67 


At 18°, she gave for the cq. electrical conductivity, A, for soln, with a mol of the 
in »litres of water at 18°: 


V . 

A . 


3-33 fi-87 33-33 

20-7 24-7 35-3 


333-3 666-7 3333 
61-6 74 98 


6667 

106 


It is therefore inferred that the salt is much hydrolyzed in dil. aq. soln. N^o- 
ytterbium sulphate was found by G. Urbain, and C. A von Welsbach ^ furnish a 
amilar octohydrate; likewise also with lutecinm 

According to A. Cleve, when ammonium carbonate is 
ytterbium nitrate, a gelatinous precipitate of normal ytterbium wbonm 
YbJCOalj.AHaO, is obtained; if an alkali carbonate is employ ed, the 

retens alkaU very tenaciously. The basic yttetbi^ hydroxyottbOMto, 
YbiOHlCOj.HjO, is formed by passing carbon 

hyXoxide in suspension. P. H. M. P. Brinton and C. James found Pll 

eentage hydrolysL-t'.e. the ratio of the amount of 
total carbon dioxide originally present—after boiling with water, . 

A.m ^ 9‘K 


Hi*, boiling 0-6 
Hydrolysis . 62’6 


1-0 

57-3 


1-6 

60-4 


2-0 

62-4 


2-8 

64-4 


3-(f 

i-1 


3-8 

67-3 


4-9 

68-6 


On comparison with analogous results itom vue u.u.t tare earth carbo^tes, 
tot^rbium carbonate w more rapidly hydrolyzed than any of the other carbonates 

“^y'^Sing over sulphuric acid a soln. of paleo-rtterbU 
L. F.^Nilso^ and A. Cleve obtained deliquescent ' 

Yb(N0,),.3H80: while deliqu^nt TffSfc 

|^^ryBtal^fromaoono.8oln.inmtnoacid. The sp. gr. u 2 682. Thewstw 
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content of the crystals is smsUec than is usually the case with the rare earth nitrates. 

A. Cleve made ytterWum orthophosphate, YbP 04 . 4 JH 20 , as a gelatinous precipi¬ 
tate by adding disodium hydrophosphate to a soln. of paleo-ytterbium nitrate 
When the anhydrous sulphate is fused with metaphosphoric acid, and boiled with 
water, ytterbium metaphosphate, YblPOgls, is formed as a crystalline powder. 
On evaporation of the soln., a salt, Yb 2 O 3 . 2 P 2 O 6 . 6 H 2 O, separates out. K. A. Wallroth 
made palco-ytterbium' sodium pyrophosp^te, NaybP 207 , in microscopic prisms 
by fusing ytterbia with molten microcosmic salt. 

0. Urbain reported cellm or eeitium oxide, Ct 203 , to be a white earth with a 
magnetic susceptibility about one-quarter the value of that of lutecia derived 
from xenotime. 0. Urbain said that celtium hydroxide, Ct(0H)8, is a weaker base 
than lutecium hydroxide, Lu(0H)„ but is stronger than scandium hydroxide, 
8c(0H),. In other respects the properties of celtium compounds were said to be 
intermediate between those of lutoeium ais^ scandium compounds. After the 
discovery of hafnium, G. Urbain and fellow-workers revised the previous work on 
celtium and stated that celtium is probably the same element as hafnium, and is not 
a rare earth at all —vide hafnium. The only enduring fact is that A. Dauvillier 
found in these preparations, before the discovery of hafnium, the X-ray spectrum 
of a new element to which the old name was assigned. There are therefore two 
celtiums. 0. Urbain’s evidence in favour of celtium-l proved to be worthless; 
and the evidence for celtium-II was based on A. Dauvillier’s discovery of two feeble 
lines with wave-length ai=1561'8, and j32=1319’4, in the L-scries of the X-ray 
spectrum of celtium. 6. Urbain considered that these lines are in agreement 
with the at. number 72; and establish the right of celtium-II to a place in the periodic 
system. D. Coster and G. Hevesy claim that the element hafnium isolated by them 
fits the lacuna in the periodic table for an element with an at. number 72, better 
than G. Urbain’s celtium-I. The element oceupying the gap in the periodie 
table corresponding with at. number 72 should be a homologue of titanium and 
zirconium, and be quadrivalent, and not a tervalent rare earth. The main 
reasons offered by D. Coster and G. Hevesy for assuming that celtium-II is not the 
same as hafnium, at. number 72, are : (i) There is no difficulty in purifying hafnia 
from the rare earths, but celtia is exceedingly difficult to isolate, (ii) Preparations 
of hafnium do not show the optical spectrum ascribed by G. Urbain to celtium. 
(iii) The X-ray spectrum of a preparation of an element sufficiently cone, to measure 
its magnetic properties should show very intense X-ray lines, not the weak ones found 
by*A. Dauvillier. These lines, moreover, do not coincide within the error of measure¬ 
ment with the lines found by D. Coster and G. Hevesy; and (iv) Hafnium occurs 
more abundantly than celtium —vide hafnium (6. 43, 2). 
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CHAPTEK XXXIX 

CARBON 

§ 1. The History of Carbon 

What have been the souroee of that fasoination which precious atones have from time 
immemorial exercised over the minds of men t It is because they have acquired by tradition 
a prestige which fashion perpetuates; a prestige rooted on strange attributes and mystic 
powers wherewith the fancies of five thousand years have endowed such stones j a fashion 
that has been ever pandered to by a harpy host of money-making parasites, and has been 
fostered by that human weakness which, while endeavouring to associate what is pretty 
with what is costly in the materials chosen for personal ornament, is apt to attach more 
importance to their price than to their real beauty, in proportion as cupidity is a passion 
more common than refinement and taste.—A kon. (1866). 

The diamond has long been prized as a precious stone on account of its beauty, 
rarity, and permanence. As a gem-stone, it is altogether unique, for it is 
distinguished from all other precious stones by peculiar qualities. The diamond 
has been known to the Hindus from the remotest antiqmty. The scholars tell 
us that the Hindu Vedas, 1100 to 1200 b.c., and the two epic poems Rama- 
yam and Mahabharata frequently refer to the marvellous light of the diamond. 
Many properties of the diamond are described in the Puranas, and still more parti¬ 
culars in the Brhatsanhita of the sixth century. Some Hindu proverbs relate 
to the hardness of the diamond—" Diamond cuts diamond; ” “ The heart of a 
magnate is harder than the diamond; ” etc. No precise data concerning the 
diamond have been gleaned from Hindu sources. Consonant with their mystic 
temperament, and glowing imagination, the Hindus consecrated the diamond to 
their chief gods, and attributed to it sovereign virtues. Even in the seventeenth 
century, A. B. de Boot i gravely discussed whether the power of the diamond to dis¬ 
criminate between right and wrong, or between legal and illegal conjugal affection, 
be a natural quality of the stone, or belongs to a spirit dwelling in the gem. 

According to Exodus (88.18), the diamond was the sixth in order in the second 
row of Ihe twelve precious stones on which the names of the children of Israel 
were engraved. These stones wore jewels of the breast-plate of judgment worn 
by the High Priest. The diamond is also mentioned by the prophets Jeremiah' 
and Ezekiel. Many scholars, however, are not satisfied with these translations, 
and say that the words rendered diamond really signify a stone hard to break, or 
a stone used in breaking others. It is therefore considered to be very doubtful if 
the diamond was really known in the time of Moses. 

The ibaitof, the indomitable, of the Greeks, mentioned in the fourth centu^ 
B.O., in the n<pi Tur At'dwv JURXtov of Theophrastus, is often translated diamond. 
The term is supposed to be derived from a, privative, and Ja/ufu, to subdue, in refer¬ 
ence, said Pliny, “ to its unspeakable hardness, to its unconquerable fire-resisting 
qualities, and to the factAhat it is incapable of being heated.” The Persian term 
aimas refers to the diamond. The scholars tell us it is probable that both the 
Greek and Persian terms are derived from the Hebrew word achlamah, or chedam, 
implying in one of its senses to be hard, and compact. The term ademos was pt 
■first usra by the Greeks for some very hard metal, sometimes apparently for steel 
itself; and subsequently the term came to be used for some precious stone of great 
' hardness. Homer mentions the adamat in. his description of the toilet of Jnno 
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If Homer’s adamas referred to the true diamond, B. Boutan said that it is very difficult 
to explain how a knowledge of this very precious stone was lost among a people 
whose sense of heauty was so well developed; for, at the time of Plato, it is doubtful 
if the Greeks had any knowledge of its properties, or even of its existence. In his 
Historiw naturalis (87. 15), about 77 a.d., Pliny has a strange jumble of truth and 
fable in his description of the odamos, and this in spite of his introductory claim; 

We shall refute the infamous Ues that have been promulgated by the magicians about 
precious stones; for it is more particularly about these stones that most of their fabulous 
stories have been circulated. Under the guise of ascertaining remedial virtues, they have 
stepped beyond all bounds, and entered the region of the phantasy. 


It could be argued from his narration that the diamond, as we know it, was 
outside his ken. He applied the term adamas to several minerals—c.j. iiuarti, 
specular iron ore, corundum, emery, and other hard substances which cannot 
now be identified—and even hard metal. It is, however, possible that the 
Arabian and Indian varieties of adamas which he describes were truly diamonds. 
The description of the all-resplendent and brilliant adamas in Dionysius’ Pma/esis 
( 6 . 318, 1119), written some time after Pliny’s work, agrees better with crystals of 
quartz than with the true diamond. M. Manilius, in his astrological poem 
Astronomica (4. 926), made the earhcst unequivocal mention of the true diamond— 
adamas, preliosior aura —near the first century of our era. 

According to Pliny, the engravers of his time used fine particles of adamas for 
cutting the hardest substances known; several other writers likewise mention 
this custons— e.g. P. J. Mariette, C. J. Solinus, St. Isidorus, Albertus Magnus, etc. 
According to J. Beckmann, however, there is no evidence to show that the ancients 
used diamond-dust for cutting the diamond into facets, etc., to render it brilliant; 
nor is there any definite evidence that diamond pencils were used for engraving 
on diamonds. P. .1. Mariette believed that they were not, C. A. Klotz believed that 
they were, but L. Natter was doubtful. According to J. Beckmann, and A. Brongniart, 
the method of polishing diamonds was developed in 1466 by Ludwig von Berquem. 
According to 0. W. King, the cutting of diamonds must have been practised much 
earlier in India, because the faceting of the famous Kok-i-rtoor, or mountain of light, 
dates back into uncertain time. It was formerly owned by the Rajah of Lahore, 
and is now included amongst the English crown jewels. 


The CaUinan is the largest known diamond. It was found near Pretoria {South Afri^), 
January, 1906, and weighed 3028} carats or over 1} lbs. It measured 4 X 2} x 2 ins. After 
cutting, it weighed about 800 carats, and was valued at about £100,000. It was presented 
to the King of England by Capo Colony in 1900. The BegerU or BM diamond sliown m 
the Louvre with the French crown jewels, is the purest and finest stone known. H weighs 
136J carats, and is valued st £480,000. The Orloff diamond was the largest dkmond of 
the Russian crown jewels; it has the appearance of. an irregular rowtte, and woignea 
194} carats. The Flarentim of the State treasury at Vienna weighs 1331 carato; it Is pale 
yellow and is cut like a double rosette or briolette. The Sonry diamond weighs 03} CMats 
and U the property of an Indian prince. The Brazilian diamonil Star of the South, weighing 
128 oarateris also the property of an Indian prince. The Qrand Mogul is also an Indim 
diamond weighing 279?, carats. The Stor of South Afrka weighs 46 J carats and was sjild 
for £26,000. The Victoria diamond of South Africa weighed 467} 

carats when cut. The Excelsior diamond, also from South Africa, weighed 971J carate McuL 
Thiro are numerous other historic and celebrated diamonds. Stone} over an ounce m weiglit 
are comparatively rare. * ■ 

. Diamonds occur in their natural state as more or less rounded, rough-looWng 
i)ebble8,not unlike pieces of gum arabic in appearance. The natural diamond must be 
cut and polished to bring out its lustre and sparkle. The diamond-cutting industry 
has developed largely in Amsterdam and Antwerp. The shape of the so^ed 
cMsfoI as it leaves the diamond-cutter has no rcUtion to the natoral crroMine 
sliM u. About half the mass of the diamond is lost in the cutting. The ot* 
•pidtzifltu to get the maxlmuoi refl^tioii of light fiom the interior of th6 etoMsi 
row and hrifltonf, for instance, are standard shapes; the latter has t rather 
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Urge flat face which is really the base of a pyramid with many sides (facets). The 
high reflecting and refracting power of the diamond are the particular qualities 
which make it supreme above other gems. In virtue of these qualities, the light 
falling on, say, the front face of a brilliant passes into the diamond, and is reflected 
from the interior surface of the facets. The reflected light is refracted mto a wonder¬ 
ful play of “ lightning flashes, and sparkling scintillations ” as it passes into the 
sir. 

Diamonds are sold by the esrat. The term carat is derived from the oarob bean, 
formerly used aa a small weight by the diamond merchants of India. The carat represents 
the Boman ailigua or Greek KtpaTiov. It was ^th of the golden solidus of Constimtine 
which was jth oz. The carat used for diamon<u and other precious stones was originally 
jl^th oz., or 3| grains ; but now, one carat corresponds with 0*207 gram of ^ains troy. 
Expressing tho weights m milligrams, the carat at Xaondon is 206*409 ragrms.; Paris, 205*600; 
Amsterdam, 205*700; Berlin, 205*440; Vienna, 206*130; Madras, 207 363; Batavia, 
206*000; Florence, 197*200; etc. There are so many different cowitries with different 
values of the carat, that those interested are adopting the Intemalioml carat of 200 mgrxM.i 
or 3*08647 grains troy. The carat is also used aa a proportional measure, ^^th, in stating 
the fineness of gold (^.v.). 

In the fourth century, St. Epiphany wrote a brochure on the diamond and 
other precious stones; in the seventh century, St. Isodorus reproduced much of what 
Pliny and St. Epiphany had previously stated; in the eleventh century, G. Marbodus 
wrote a small work on the subject, and M. C. Psellus described the medicinal virtues 
of the. precious stones; in the twelfth century, Abd Al-Malik ibn Muhammad ibn 
Ismail treated the subject systematically, and collected data on the properties of 
the gem-stones; and in the sixteenth century appeared G. Agricola’s work which 
was compiled largely from that of Pliny. In the sixteenth century there also 
appeared the works of J. de Mandevil, and of Garcia da Orta. The nature of the 
diamond did not attract special attention until the seventeenth century. About 
this time appeared the treatise of A. B. de Boot. In studying the action of heat on 
the diamond, it will be shown how it was demonstrated that the diamond is a form of 
carbon; or, as J, Dalton expressed it, carbon and the diamond are the same element 
in different states of aggregation. 

monographs have been published on the diamond and precious stones: e.g., in 
addition to some mentioned in the references, there are, among others, E. Boutan, Le diamani, 
Paris, 1886; Ibn Abi Bakr Abd Al-Kahman. Dc proprietatibm ac virtutibus medicia animaHumt 
plantarum, ao gemmarum, Paris, 1647 ; A. Bacci, De gemmia ac lapidtbva preiiaaU, Roma, 
1677 ; J. W. Hiatorianaturalialapidumpretioeorum,’FrMXQofnrti, 1771; B. Belleau, 

tea WMura et nouveaux ichangea dea pierrea pricieuaeat Paris, 1676; C. P, Brard, Traitd 
dea pierrea prtcieuaca, Paris, 1808; U. P. B. Briicl^ann. Abhandlung von JSdelaiein, 
Braunschweig, 1767 ; L. Dutens, De# pierrea pricieuaea et dea pierrea finest Paris, 1776 ; 
H.Engelfiardt,Dt'eZ^agen#f<S/< 0 derD«aman^en in Ural Oebirge, Riga, 1830; W.vonEschwe^, 
BraaUienaia, Berlin, 1833 ; J. A. F. Fladimg, Veratich ilber die Kennzekhm der Eaw- 
ataina deren vartbeilha/leaten SchniU, Peeth, 1810; Wien, 1828; L. Feuchwanger, 
A Trtatiae on New York, 1838 ; Q. Gimma, DeUa atoria naiurale delle gemme, Napoli, 
1730; W. Haidinger, Beaehreibendea Verzeichniaa einer SamnUung von Diamantent Wien, 
1862 ; H. de Biancourt, Traitt dea pierrea prioieuaea, Paris, 1718 ; E. Jannetaz, E. Fontenay, 
B. Vanderheym, and A. Coutance, Diamant et pierrea pi^ievaea, Paris, 1881; M. Bauer, 
Bdelaieinkun^t I<eipzig, 1896; P. Oroth, Handbuch der JEdelateinkunde, I<eipzig, 1887; 
D. Jeffries, A TrecUiae on Diatnonda, London, 1760; W. Jones. Hiatory emd Myatery oj 
Prt^aua Storaaa, London, 1880; M. K&hler, De chryaiodUmiin generatione, Vpsaliie, 1747 ; 
0. W. Ku^, The liJaturatHitdoTv, Anders and Modem, of precioxta Stones ar^ Qemst Londbn, 
1865 i C, F. Kunz, Oema and Prvcioua Stonea of North America, New York, 1890 ; A. Schrauf. 
Bandbuch der Edelateinkunde, Wien, 1869 ; S. M. Burnham, Prtdotta StMea, Boston, 1886; 
J. de Laet, De gemmia et lapidua, Paris, 1648; C. von Lum4, De eryataUomm genmitione, 
Upsalie, 1747; J. Mawe, A Treatise on Diamonds and Precious Stonea, London, 1823; 
R« Naldi, Delle gemme e delle regoU per vciutarU, Bologna, 1791; F. Kiispert, Ueber den 
Diamant, Leipzig, 1904; M. Pinder, De adamanU, Berlin, 1829; M. D. Rothschild, Handbook 
of Pfedoda Stonea, New York, 1890; F. de la Rue, De gemmia, Paris, 1647; M. T. Sourindro, 
Mani Mala, or a Treatise on Oema, Calontta, 1879; A. H- Church, Preeioua Stonea, LondoB, 
4883; W. R. Cattelle, Precious &onea, Fhilacfelphia, 1903; B. W. Streets, The Great 
Diamonda of the World, London, 1882; Premoua Stonea and Oema, Lon^, 1882; 
A. Casiellani, Delle gemme, Firenze, 1870; K. B. Kluge, BancRnich d^ Bdelateinkunde, 
lieipzig, 1860; N. Venette, Traki dea pierrea, Amsterdam, 1701; W. Rmi, EdeUtewkunda 
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' V.vonZepl,an,™h, 

Stone., Undon, ISM^ H FnmnfS'n- /' »» ««'« <‘«d fr«w«. 

Barrera. Om, <u^ jlmh ’ XmT^Pm^SKma, London. 1867 ! M. de 

London 1874' J F MiHHIaK l- Dutiiumds and Precimtt Stmua, 

South Africa Non. Vook lono . t "'ilbanw. The Dtanwnd Mmee q/ 

1832 • 0 Barbot Tmiii camniii' I ^ ' ^^‘"‘(nhuch der EdfUkinhmde, tituttgart, 

LOTdin. im ’ * ^ ** P"«, 1868; W. CTookea, ftaeJwJ., 

As indicated in connection with the history of tin. lead, molybdenum, and 
galena, Anstotle.a Dioscondes, Pliny, and Gahlen used the terms molybdama and 
jotona in no very precise way for the sulphide and for oxidised ores and other 
products. Pliny used the term plumbayo for a mineral product a kind of litharge 
also denot^ by the words mlybdwm and pofena; as well as for the name of a plant, 
and lot a iead-Iike colour. In some sixteenth-century translations of Dioscorides 
“H, Baroarus, J. Ruellinus, and M. Virgilius- the term plumixt^jo is used as the 
r Q equivalent of fioXvp^atva. In the sixteenth century, G, Agricola, Kntzelt 
^regarded plumb(ujo, <pdem, and m(>lybd<r:tiu as identical 
yfith Glaniz or the modern galeim. The galena sterilis of G. Agricola was probably 
^aphite ; and his galem inanis, zinc blende. According to J.*W. Kvans, one of 
the earliest references to graphite and its use for pencils occurs in 0. Gcsnor’s De 
r^tnfossiliuiny lapvHum, ^genomrium (Zurich, 104,1565), where a drawing occurs 
showing the black-lead fixed into a handle. He added, on the authority of 
6. Agricola, J. H. G. von Justi, and J. Beckmann, 


The flaky graphite of Bavaria has been worked from prehistoric times for mixing with 
Olay to form pottery, and the Passau or Ips crucibles, in whicli tiiis material was employod« 
were widely \ised, but it does not seem to have been employed for writing so early as that 
from the Borrowdale mine, near Keswick, in Cuml>erlatid, which was for some three centuries 
the principal source of supply of the mineral for this purpose. Metallic lead and silver 
were used in both ancient and modiseva) times for drawing lines. Subsequently in the 
early renascence an alloy of two parts of lead and one of tin, known as lo tdile del piombo or 
lapts piombino, was employed for drawing These terms were probably transferred to 
graphite when it came into use. 


A. Caesalpinus, and F. Imperato, in 1599, also made observations on the use of 
graphite for crucibles. J. Mathesius referred to einetn mwem xml Selhvxwhsenen 
Metall used for writing which J. W, Evans said must have been graphite, and 
H. Platte, W. Camden, and others refer to graphite under the name black-leady 
although as a translation of Pliny’s pluxubum nigrmi the term was useii by 
B. Angiicus, J. Marplet, and others in the sense of metallic lead. At the end of 
the sixteenth century, F. Imperator referred to the use of grajto piowbinn for writing, 
and the Italian grajio is derived from the Ijatin graphitm, a style forVriting, 
and the Greek ypa<f>€iov, a style for writing. In 1627, J. C. Boulanger referred to 
^umbea graphts, and galena piefom, which J. W. Evans considers to be represented 
by the French crayon de xnine^ and phmih de xner, terms used for graphite. C. Merrett, 
and W. Charieton used the tenu nigrica fabilie for graphite; and in 1671, J. Webster 
wrote concerning graphite: 

It cannot be amiss to say Bomoting of that whicli wo commonly call HUirk-Lead, bei'ause 
it diseoloureth the hands far more than common Lead, and is that whereof pencils are made 
for Painters and Scriveners, and many other such like In tho North we call it 

KeOote, and some call it Wadt. ... All that we can say hero coheoming galena, plumlMkgo, 
lapis ^iumbariUs, and molybdsena is that there is much said to no little purpose, and that 
in some respects they may be taken for all one. 

In his posthumous Minerali (Hamburg, 1689), J. Junge applied the term 
peeudo-galena to galena inanis or galena slerilis, and for a time this usage 
was followed by J. G. Wallerius, G, Hofimann and J. B. Boehmer, A. G. Monoet 
and others. J. Junge also referred to jdumbago scriptoria and jdwnbago angUoa,, 
meaning graphite. In the English translation of P. PomeCs liiHoire g^nSrd det 
dingue$ (Paris, 1694), mine de ^omb noire or mine de plond) is rendered Uaok’kad ; 
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and j^ombagine and plomb de mer are rendered respectively plumbago and tea-lead: 
All these terms refer to graphite. R. Plot suggested calling graphite ocira nigra or 
Mack ochre. During the seventeenth and eighteenth centuries, lapis plunAarius, 
plumbago, galena, and sometimes molybdana were employed for graphite, and the 
mineral called molybdenite. It was soon found that graphite (and molybdenite) do 
not contain lead. In a paper on graphite entitled: Examen chymicum phlmbi 
scnptmi vulgo plumbaginis, J. H. Pott, in 1740, gave a long list of synonyms which 
had been used by different peoples for graphite. He showed that this substance 
d^ not wntam sulphur or zinc; and that it is decomposed by fused potassium 
nitrate. He probably worked with a paphite containing some pyrites, for he 
concluded that it is a terra talcosa, igni et menstruis indomUa, pauco martiali et 
mucme^o vitriolico. J. W. Baumer first showed that the minerals referred to 
by rwlyUcena and its numerous synonyms contained two different substances, one 
of which, containing some iron, was combustible. The confusion between graphite 
and molybdenite, then called plumbago or molybdssna, was cleared when C. W. 
ischeele demonstrated that when plumbago is heated with saltpetre, it is transformed 
into carbon dioxide. Hence, he concluded : “ plumbago is a kind of mineral char¬ 
coal the constituent parts of which are aerial acid (carbon dioxide) and a considerable 
quantity of phlogiston. ’ -He further demonstrated that molybdsena is a compound 
of sulphur with a peculiar acid of a metallic nature. There does not appear any 
r f ’^hy 0. W. Scheele applied the term ZlyUcem 

to molybdenite, and Uyerts or plumbago to graphite, because previously the term 
mo ybdffina had been more frequently applied to graphite. C. W. Scheele’s appli- 
Mtion of the terms decided subsequent usage. In order to prevent further confusion, 

distincSm molybdmi’. as 

Although C. W. Scheele showed that the small amount of iron oxide which occurs 
aviated with graphite “ can hardly be taken into account, for it seems to be mixed 
with It only mechamcaUy, ’ yet several later observers assumed that the iron is an 
ereential part of graphite. R. J. Haiiy called it carbure de fer because of the analysis 
of t. A Vandermonde, G. Monge, and C. L. BerthoUet-carbon, 90'9 per ce4: 
^n, 91 ;^r cent. L. B. Guyton de Morveau regarded the graphite he obtained 
from cast-iron as an iron carbide; but C. J. B. Karsten showed that the iron in this 
muted with the graphite; and this view was also demon- 
■ , y v'.P’ L. Vanuxem also showed that the iron exists in the 

miMtal graphite as oxide and that it is an accidental impurity, and not an essential 
constituent; and B. Pelletier demonstrated that plumbago is une substance 
pa icM ^ c . . . fcs substances dans lesqueHes Vair jujce ne paroit pas enlrer, donnent 
a^is l^r decom^uwn dm indices de eet &re. The name Oraphit is used in Germany 
Where the term Ketsbl^ stiU survives; in France, the terms mine de plomb, plomhamne, 
ar^graphile are used; in England, black-lead, plumbago, and ^aphUe ; in My 
g^, and pwmbaggtne ; and m Spain, according to B. Halse, grafie, plombagina, 
la^ plomo (^t/ol, carbon, chacal, mine de plomo, and piedra mineral de 
plom. must have been used from the earliest times as a colouring agent, 
and m tee ma^ of a kind of ink. A further contribution to the history of the 

“ connection with the action of heat on these 

S*®°«owdale (Cumberland) were worked about 1650. 
witli hO'X* *** I*®*"® discovered a lump of impure graphite 

*is must have dated back to a p^od 
MtweM 1600 and 1200 b.o. There is, however, no evidence of the use of granite 
m * *?“*”* Egypt. C. T. SchSnemann said that lines in black lead 

Bome el^ente- or twelfth-century works in the Widfenbiittel 
•a^ ^tengen librariM, but C. A. Mitohell considers teat graphite was here mistaken 
to ordinary lead. He also examined the markings in the British Museum and 
Bodleian Libraries, but found none earlier than 1640. 
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“ira?’ = S‘- Oriaina, 

ttrer AM^lrAjteibw 42’ ins^r **■ ^“‘’‘ !"«*’•*««» sZ. u«d 

2.236 1810* 0 W Kina 'TA ho^on. 

ffnnAh*!d>h j’ *!;^iaj>»<ia*re €n/ran(aiM, Lvoii, 166]; K.K.Kluffe 

X^aon,1866, ^^^^f^t^,Ckm8and JeujeU^ their History, Qeography.Chemistrv andAwiluau 

s'T'SJn. «« '• «< fap'ium Atrfofw, Jen#, 2. 4, 1600 ; 2.117, 1636: 

mmmi AroSiciim ron(in«n» il(!«cny(ioM» e( eKe,y(a libriAiiknKduiTcifaechuie 

AgriooK Be fapiaiS*,, lUailoi, laW; 
• Afamtow* *r KdeUUinkutide, Wion, 83, 1860; 
1 MB "T* r* ? “'»?«»< medmmalonm ajnid Irdos mmnimn hixtona, 

C- n'6i A.W 

lOKMe, 1616 i De tapidum mrtuttbw, Lugduni Batevorum, 1746 ; 8t. Epiphany, De dvcdedm 
p^mw jtiB erant tn vote Aatonie, Eomie, 1666; Abd Al-Malik ibn Muhammad ibn Ismail, 
lattmct al-dahr, Damascus^ 1185. 

1 >„* foesilium figuris, Tiguri, 1666; A. Cmalpinns, De melaUku, 

^m©, 211, 1696; F. Imperato, Dell' kietoria naturale, Naiwli, 4 . 122, 1699 j M. von BromelL 

Wallerlue, Minerahgia, eller Afineralriket, Stookholm, 
Wl, 249, 1747 ; 238, 1889; J. H. Pott, DmerUUtom chimiqucs, Paris, 4 . 1, 1769; Miscellanea 
^r^tnensts, 6. 29,1740 ; A. G. Werner, Beiy. Journ., 1. 380, 1789; D. L. G. Karaten, Museum 
Leipzig, 2. 339,1789; C. J. B. Kawten, Arch. Berg. lim., 12. 91, 1826; R. J. HaUy, 
TrasU dA mtUralogieg Paris, 4 . 98, 1801; C. A. Vandermonde. G. Monge, and 0. L. Berthollot, 
ilcod., 132, 1786; L. B. Guyton de Murveau, Ann. Ckim. Phya., (1), 81. 72, 328, 1799; 
i/» ' Oilbert's Ann., 2. 396, 475, 1799; N. G. Sefstrom, Jernconiorets Ann., 18, 

146, 1829; Pogg. Ann., 16. 168, 1829; L. Vanuxem, Journ. Acad. Philadelphia, 5. 21, 1826; 
Amer. Journ. Science, (1), 10. 102,1826; 0. A. Mitohell, Mature, 106. 12,1920; 109. 616,1922; 
Journ, Soc. Chem. Ind., 38.382, T, 1919; C. T. Sobonemann, Versudi eines Systems der DiplomaUk, 
Leipzig, 2.108,1818; C. W. Schoele, Svenska Acad. Handl., 89. 247, 1778; 40. 288,1779; Journ. 
Phys., 19.162,1782 ; 20. 342,1782; B. Pelletier, tb., 27.343.434,1786; Aristotle, Degeneratione 
ammaUsm, 2. 2, c. 300 b.o. ; Diosoorides, De materia mediea, 6. 100, o. 60 a.d. j H. Barbarus’ 
trana., Venice, 1516; J. Ruellinus’ trans., Paris, 1516; M. VirgiUua’ trans., Cologne, 1529; 
Pliny, Historia naturalis, 26.97; 29.26 ; 38.31; 34.47; 87.18, c. 50 a.d. ; Gabion, De t>mplicium 
medscamentorvm kmperameniis, 9. 22, c. 200 a.d. ; De composiiione medicamentorum par genera, 

I. II, e. 200 A.D. ; £k euceedaneis, e. 200 a.d. ; G. Agricola, Bermannus stve de re mdaUica, Basle, 
1630; De luUura fossilium, Basle, 366, 1646; Serum metaUtearum inUrprtlatio, Basle, 11^16; 

C. Entzelt, De re metaUica, Frankfurt, 06, 1661; J. Matheaius, HarepUi, Nuremberg, 1662; 

J. W. Evans, The Meanings and Synonyms of Plumbago, Hertf(»rd, 1908; Trane. PhUol. Soo., 
133,1908 (many of the references here given are from this paper); J. Beckmann, Beylrdge tw 
QmhiekU der Erjindungen, Leipzig, 4 . 353, 1799 ; 5. 246,1IW3; J. H. G. von Justi, fhundriss 
des gesamien Miruralreichs, Gottingeo, 213, 1767; B. Anglicita, De proprietatibus rerum, 1496; 

J. Marplet, A greene Forest, or a Naturall Uistorie, London, 1567; H. Platte, JemU House of Art 
and N^ure containing divers rare and profitable inverdioM, London, 1594 ; J. C. Boulanger, De 
pictura plastice sialuaria, IdOydon, 103,1827 ; J. Webster, MetaUographia, or an History of Metals, 
jx}ndon,1671; W.CbarletoD,Det«ariw/os«ii»umpener»5ttff,Oxoni©,1068; C.Merret, P^noxrarttm 
neduraftvm Britannicuum, London, 16^; J. G. Hoffmann and J. B. Boehmer, De nwtr^u^ 
neiaBorum, Leipzig, 68,1738; A. G. Monnet, Systhne de minbralogie, BuuilJiD, 180,1779; R. Plot, 
PhU. Trans., 20. 183, 1698; J. W. Baumor, Maturgeschic^ des Mineralrekhs, Gotha, i. 161, 
217, 1763; W. Camden, Britannia, London, 523, 1587; £. Halse, A ^itonary of Spanish and 
SpantsfhAfnerioan iftniny, MetaUurgieal, and Allied Terms, London,^19d8. 


§ 2. The Oocomnee of Carbon 

Carbon ooenrs in nature in many farma. It occurs crystallired ae the diamond 
an4 aa graphite. It is the dominant element in organic matter. It is the ■ 
prineipal element in coal. Natural gas, ptroleum, and bitumen ate essentially 
hydrocarbons. Carbon dioxide is a nonw constituent of the atm.; and cwrbomc 
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aoid and carbonates occur in most natural waters. The carbonates of calcium, 
magnesium, and iron form great masses of rock. Carbon is also present in a few 
naturally occurring silicates. 

Reviewing the known analyses of terrestrial matters, F. W. Clarke ^ placed 
carbon 12th in the series showing the relative abundance of the different 
elements. It is less abundant than chlorine, titanium, and hydrogen, and more 
abundant than phosphorus, sulphur, and barium. The averages in the following 
excerpta include the atm.: 



0 

81 . . . 

T1 

Cl 

C 

P 

3 

Ba . . 

Lithosphere . 

. 47-33 

27*74 

0*46 

0-06 

0-19 

0-12 

0-12 

0-08 

Hydrospiiere . 

. 85-79 

— 

— 

2-07 

0-002 

_ 

0-09 

Average 

. 60-02 

26-80 

0-43 

0-20 

0-18 

0-11 

0-11 

0-08 


F. W. Clarke and H. 8. Washington place carbon 13th in the list, with 0-13 
per cent. For the lithosphere, the carbonates occur 11th in the series; 



Igneous rocks. 

Shales. 

Sandstones. 

liimostoRea 

SiO- . 

. 69-83 

68-10 

78-33 

6-19 

• 

1-90 

6-00 

1-03 

0-77 


0-79 

0-66 

0-26 

0-06 

ZrOa 

. 0023 

— 

_ 


■ 

0-49 

2-63 

6-03 

41-6i 

J 2 O 6 

. 0-29 

0-17 

0-08 

0-04 


Weighted Average, 
69-77 
2-02 
0-77 
002 
0-70 
0-28 


The occurrence of carbon in the sun has been investigated spectroscopically by 
J. N. Lockyer,2 J. Dewar, J. Trowbridge and C. C. Hutchins, H. A. Rowland, etc. 
The fainter red stars like Schjellerup arc characterized by shaded bands which are 
attributed to carbon; the bands ate darkest on the red side of the spectrum, and 
fade away towards the blue. W. Huggins, and B. Hasselberg also stated that the 
spectra of various comets all show the hydrocarbon spectrum. A. Fowler has 
examined the spectrum of Morehouse’s comet. 

Diamonds are sparsely distributed in different parts of the world; they 
sometimes occur like alluvial gold in the beds of rivers and streams, and the river 
stones arc usually the most highly prized, and valuable. The diamonds which are 
not alluvial, are found in a heterogeneous mixture of fragments of various rocL 
and minerals 6 cemented together with a bluish-green indurated clay known as 
blue earth, or blue clay. The diamonds are found imbedded in the blue earth. The 
mines in India ^ arc the oldest; and they yielded the finest and most prized diamonds. 
Diajponds occur in Nisam near the river Kistna; in Sambalpur near the rivers Goda¬ 
vari and Mahanadi; and in Bundelkhand, near Panna. There are mines in the west 
and south-east of Borneo. The region of Minas Geraes (Diamantina, near Aba4t^, 
Grao Mogul, Bahia,^ etc.) in Brazil has long been famed for its diamond 
mines. Diamonds have been reported in British Guiana, Columbia, and Mexico; 
and in the United States—California, Oregon, Idaho, Montana, Arizona, Indiana, 
Kentucky, Tennessee, Georgia, North and South Carolina, Virginia, Wisconsin, and 
Michigan. Diamonds were discovered in the Urals about 1829; and in Australia 
♦Iwut 1862. The diamond fields of South Africa—Jagersfontein, Kofijdontein, 
Kimberley, etc.—have been the most prolific source of diamonds in recent years. 

The blue earth is mined, and exposed to the weather on the veld. The earth may 
mth advantage be fluently .harrowed and occasionally watered. In about a year, the 
blue ^h becomes friable'and disintegrates. The stuff is then eonveyed to the crushing 
maohinery and washers, where the clay is separated into earth and gravel. The diamanti- 
ferous gravel is then conveyed to sifters, where it is graded. Each grade drops on to pulsator 
tables, where it u sorted into materials of different sp. gr. The higher portion is washed by 
water to the end of the trough and conveyed to the heap of tailings: the heavier portions 
Ml ttough a grating end are conveyed to percussion or shaking tables smeared with grease. 
The diamonds adhere to the grease, and the other constituents flow as tailings over the end 
^of the percussion tables. The tailings may be dribbled on to a second shaldmg table i and 
the rejMt from this nmy be exmnined and any dflamonds picked out. The grease is scraped 
fr^ the tables, and is placed in a pot which is immersM in a cauldron of boiling water. 
The grease k recovered to be used again, and the diamonds are then examined on 
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table, where the true diamonds are separated from pyrites, barytes, etc., by hand- 

J. Thoulet discussed the occurrence of diamonds on the bed of the sea in the 
have been found in meteorites by E. Mallard,t 
n Huntington, F. von Sandberger, A. Daubr^e, 

/A ' ’i T^‘ H. Foot« described the Canyon Diablo meteorite 

{Anzoti&y U.S.A.), which contained both black and transparent diamonds; W. Will 
and J. Pinnow, the meteoritic stone of Oarcote (Chile); and M. Jerohieff and 
P. Latsohinoff, that of Novo-Urei (Russia). 

Graphite is very widely distributed over the surface of the globe,® but most 
graphites are so impure by intimate admixture with other minerals—quarts and 
roica and the cost of transport is so great, that only a few deposits are of commercial 
importance. The bulk of the world’s supply of graphite is obtained cbiefly from 
Ceylon, Austria, Bavaria, Siberia, the United States, and Canada. Tht^re are, how¬ 
ever, workable deposits in many other places. It occurs (i) in veins running 
through cracks in gneiss, limestones, pegmatite, and eruptive rocks—c.i/. the 
deposits at Ceylon, Borrowdale (Cumberland), and Batugal (Siberia); (ii) bedded 
masses— e.g. in Ontario (Canada), Passau (Bavaria), Madagascar, Schwarzbach- 
Kruman (Bavaria), and Styrian Alps; and (iii) it is also found disseminated through 
many rocks in scattered scales or plates. Graphitic granite, gneiss, mica schist, 
quartzite, pegmatite, and felspar are well known in various localities. The 
Laurentian limestones of Canada arc graphitic. 

Graphite has been reported from extra-terrestrial sources. Thus, it has been 
found in some of the most famous meteorites- c.;;. Lenarto (Hungary) in 1815; 
Benedego (Bahia) in 1816 ; Bohuniilitz (Bohemia) in 1829; Sevier (Crosly Creek) 
in 1840; Congford (Tennessee) in 1845 ; Chartago (Tennessee) in 1846; Seelasgen 
(Brandenburg) in 1847; Chesterville (South Carolina) in 1847 ; Kaba (Hungary) 
in 1857 ; etc. The subject has been discussed by C. Reichenbach,’ M. Berthelot, 
A. Daubr^e, H. Moissan, J. L. Smith, W. Tassin, R. Brauns, S. Mennier, L. Troost, 
W. Plight, G. Ansdell and J. Dewar, etc. Some of the largest and best-developed 
crystals of graphite have been obtained from meteorites. 

The chief monographs on graphit^ are; E. Wien8<*heiik, Der Qraphite, Mine wirkligHen 
VorkotnmnUse und Seine technische Verwendung, Leipzig, 1904; Zur Kenninisa der Oraphit- 
lagerataUen, Miinchen, 1900; F. Muck, Die Steinkohlen Cheniie, Bonn, 1881 ; K. Donath, 
Der QraphUy Leipzig, 1904; F. Cirkel, Oraphiie, ita PropertieSt Oecurrenee, He/lning, and 
Uaea, Ottawa, 1907; H. Weger, Der GraphU, Berlin, 1872; A. Hasnig, Der Oraphitt Wien, 
1910; H- S. Spence, Qraphite, Ottawa, 1920. • 

Rrferbnces. 

• 

* P. W. Clarke, The Data of Geochemistry, Washington, 1920; F. W. Clarke and 0. Steiger, 
Joum. WaakingUm Acad,, 4. 67, 1914; F. W. Clarke and H. S. Washington, Proc, Nat. Acad. 
Sciences, 8. 108, 1922; J. H. L. Vogt. Zeil. prakt. OexA., 6. 226, 314, 377,413, 1898 ; 7.10, 274, 
1899; J. P. Kemp, Scon. Geol., 1. 207,1906. 

* J. Dewar, Proc. Roy. 8oc., 80. 86, 1880 ; J. N. Lockyer, ib., 27. 279, 308, 1878 ; Compt. 

Rend., 317, 1878; J. Trowbridge, Phil. Mag., (6), 41. 460, 1890; J. Trowbridw and 
C. C. Hutchins, ib., (5), 24. 302, 1887; Amer. Joum. Science, (3), 84. 346, 1887; A. Fowler, 
Aatrophys. Joum., 85. 86, 1912; H. A. Rowland, ib., (3), 41. 243, 1891; Chem. Nem, 88. 133, 
1891; Johns Hopkins Univ. Oirc., 85. 41, 1891 ; W. Huggins, Proc. Roy. Soc-., 16. 238, 1888; 
28. 164, 1876; Phil. Trans., 158. 566, 1868; B. Hasselberg, Mhn. Acad. St. Petendmrg, (7), 
88< 2 1880 e * 

•’a. L.' de Toil, ZtM. KryiA., 4S. 309, 1908; H. 8. Harmr, «?., 48. 616. 1907; E. When, 
Seua JaM>. Min., 867,1872 ; 62,160,1873 i i, 318,1884; H. B. GeinHe, >6., 767,1871 j A. Knop, 
<6., if, 97, 1890 J A. Kenngott, ib., i, 187, 1884; P. Jermejeff, ft., i, 388, 1896 ; T. B. Stone, 
T. Q. l^nney, endO. A. Beiein, Geof. Moff,, 4&2, 1896; A, Deubr6e, Compt. Bend., St. 1124,1876; 
110. 18, 1890; 8. Mennier, ft., 84. 260, 1877 ; T. L. Phipeon, ft., 84. 187, 1867; H. Ooreeix, 

83. 981, 1881; 88, 1010, 1446, 1884 ; M. Cheper, ft., 88. 113,1884; Ann. Chint. Ph/t,, (6), 
8 . 284,1884; J. Shew, Amer. Joum. Seiena, 13), 1. 69,1871; B. Sillimen, ft., (3), 8. 384,1878 ; 
(8), 6. 132.1873; O. F. Kune, ft., (8), 88. 72,1889: Menu Jabrb. Min., ii. 497,1892; O. P. Kami 
end H. 8. Weehington, ft., (4), 24. 276, 1907; F. von Hoohetetter, Pet*. Oeel. Beieheantt. Wkn, 
M, 363,1871; pTSiroger, ft., 25.310,1876; J. A. B. 8mit, Are*. Mier., 15.61,1880; 0. W. Stow 
and J. Shew, P*fl. Mag., (4). 48.236,1872; A. Leoroix, BvU. Soe. Min., 21.21,1898 ; 0, ftMd, 



718 


INOBGANIC ASD THBOBBTICAL CHEMISTRY 


•»., t. M, 1888: A. L. HaU. ZeU. pmti. Qai., 18. 193, 1904; F.S. Volt, 14. 382, 
1908: A. Bamour, UlrtHii., 21. 77, 1883; AaO. Bk. OtO., (2), lA 642, 1887; H. C. Lewia, 
Ohm. Kttai, 68.183, 1887; K. Hiuaak, TteUnaet Mitt., (1), It. 334,1899; Ztil. pmk Oal., 
14. 318, 1908; J. R. Sutton, Nature, 76. 488, 1908 ; 8..H. Ball, JSug. Min. Joum., lOt. 1202, 
1920; 0. J. Mitobell, >8., 118. 288, 1923; F. 0. Cornell, C’Aem. Newt, 122. 88, 1921; 8. Noda, 
Beitrhge Mia. Japan, 6. 280,1918; A. B, Conklin, Amer. Chem. Age, 29.191,1921; L. de l^uney, 
Compt. Mend., 146. 1188, 1907; F. Fouqu8 and A. M. lAry, >8., 80. 1128, 1879; F. KOapert, 
Natur. Behvle, 3. 239, 292, 1904; G. Rose, Ber., 8. 83, 1870; V. von Zepharovioh, Poot, Ann,, 
140. 882, 1870; A. Sohalarik, ib., 189.188,1870; Chem. Newt, 21.87, 119, 1870; N. von Kok- 
lofaaroF. BuU. Soc. St. Petereburg, (2), 8. 414,18^, 

* 0. Hlntae (Handbueh der Mineralogie, loipsig, 1.17, 1904) hae an extended bibliography on 
the ocourrenoe of the diamond. 

• E. Mailard, Oompi. Mend., 114. 812, 1892; C. Friedcl, >6., 116. 1037, 1893; J. Thoulet, 
•8., 148. 381,1908; H. MoiBaao, >6., 118.288,1893; 189.773,1904; A.Daubr4e,t6„li0.18,1890; 
H. JerofOeS and P. A, LateohinoS, ib,, 108.1879, 1888; Joum, Mutt. Phyt. Chem. Soe., 20.186, 
1888; W, Will and J, Pinnow, Ber., 23. 348, 18W ; 0. A. Kdnig and A. E, Foote, Amer. Joum. 
Science, (3), 42.413,1892; G. F. Kuni and 0. W. Huntington, ib., (3), 48,470,1893 ; 0. W. Hunt¬ 
ington, Proe. Amer. Acad,, 29. 204, 1893; F. von SandWger, Neuet Jahrb, Min., ii, 171, 18M ; 
W, Will and J. Pinnow, Ber., 23. 346, 1890. 

• Anon., Butt. Imp. Inet., 20. 01, 1922; E. H, Schulte, Ekkirotech. Zeit., 43. 820, 1922; 
Oietterei Ztg., 10.166,1923; T. Kato, Joum, Oeed. Soc. Tokyo, 22.18,1916; C. Heinte (Handbueh 
der Mineralogie, Leipzig, 1. 62,1904) givea a summary of the various occurrences of graphite. The 
subject is discussed by F. arkcl, (haphile, Ottawa, 1907; M. Debeaupuis, Butt. Soc. Min., 48. 
49, 1923. 

* 0. Reichenbach, Pogg. Ann., 116. 680, 1862; M. Berthelot, Butt. Soe. Chim., (2), 16. 237, 
1871; Compt. Bend., 78. 494, 1871 ; A. DaubrOe, ib., 110. 18, 1890 ; H. Moissan, i6., 116. 292, 
1893; 123. 277, 1896; J. L. Smith, ib., 82. 1042, 1807, 1876; Ann. Chim. Phyt., (6). 9. 296, 
1876; Chem. Newt, 38. 198, 204, 218, 1876; Amer. Joum. Science, (3), 11. 388, 433, 1876; 
L. Troost, ib., (2), M. 284, 1840; W. Tassin, Neuet Jahrb. Min., ii, 9, 1908; R. Brauns, Cenir. 
Min., 97, 1908 ; 8. Meunier, Ann. Chim. Phyt., (4), 17. 48, 1869 ; W. Flight, Phil. Tram., 178. 
888, 1883; Proc. Boy. Soc., 88. 343, 1882; G. Ansdell and J, Dewar, Proc, Boy. Soc., 40. 6M, 
1886; L. Dietrich, Oietterei Ztg, 10, 483, 1923. 


§ 8. The RiSerent Forms o! Carbon—Allotropy 

Whftt are allotropio atatea T Curious states which chemists frequently dispose of by 
oalUng them allotropio^ a term frequently used when they are puzzled to know what has 
happened.—W. 8 . Jevons. 

It matters much with what others, and in what positions, the same atoms are held 
together. . . . When the configuration of the atoms is changed, the properties of the body 
which is formed from them must also change.— Lucretius (b.c. 60 ). 

Near the beginning of the nineteenth century, chemists— e.g. H. Davy'— 
recognized that carbon occurs in three different forms which they called diamond, 
graphite, and amorphous carbon. H. C. Sorby proposed four classes; diamond— 
octahedral crystals, sp. gr. 3*52; graphite—hexagonal crystals, sp. gr. 2*18 ; tard 
coke—cubic otystels, sp. gr. 1’89; and anthracite-quadratic crystals, sp. gr. 1*76, 
H. F. Weber said that the sp. hts. give no evidence of the existence of three 
intrinsically different forms of carbon, and he considers that there are only two forms 
of carbon, one transparent and the other opaque. This fits P. Debye and P. Scherrer’s 
observations on the X-ray spectra of graphite and amorphous carbon, since both 
have the same internal or 3 ^taliine structure— vide infra. The physical properties 
of graphite are usually intermediate between those of the diamond and of amorphous 
carbon—-lade Table I. The electrical conductivity is exceptional because, according 
to G. Wiedemann and H. Frq^’s rule (8.21,8), the ratio of the thermal and electric^ 
conductivities of the metals is approximately constant; the thermal conductivity 
of graphite is normal, while the electrical conductivity is abnormal. The explanation 
is not known. 

A* Breithaupt found a mineral in the day shales of Singbhom, near Calcutta $ its 
^ gr* l'®» and he considered it to be a special varkty of carbon. A. von 
Inostranaefwound a black hetrous .vwriety of what he called near Schunga 

(KiMita). The sp. or. of dried schungite is 1*981. A. Sauer found a variety of carbon m 
the gndas, mica schists, and quartsite formationB near Wiesenthal (Saxony). He oaUed 
it gro^pMUnd. B. Weinsohenk considered it to be graphite. W. Luai r^arded graphitold 

a variety carbon with over 96 per cent, carben, and falifa^ between and 
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P. and L. Schtitaenberger stated that iha carbon obtained from oyanoRw is 
different from other forms of this element. According to C. de Douhet, the so-^Ued 
mUfuycUic dutmond of Brazil contains 97 per cent, of carbon. It occurs in splierical masses, 
mid its sp. is 1*66. As O. B. IVener pointed out, it is not clear if mmiy of these substmices 
are graphite, amorphous carbon, or a mixture of the two. 


Table I.— A CkiMPABisoN of Some Properties of Dipkkrknt Forms of Carbon. 


PhysIciU property. 


Specido gravity . 

Beat of combustion (Cals.) 
lotion temp, in oxygen 
Ckieff. vol. expansion . 


Thermal conductivity 
Speoido heat 
£leotrical conductivity 


tiraphlto. I Ainorpltoiu carbon. 


Dlaiiioiiil. 


3*6 
94*31 
800 ‘'- 876 ‘^ 
<>•00000376 
0*33 
O'1128 
2'lxlO « 


2 * 10-2*62 
94*81 
e60"-700^ 
0*0000104 
0*0117 
0‘1(>04 
0082x10* 


1*30-2*00 

97*66 

300‘'-600® 

0-0000162 

0-000406 

0*1663 

026 


In his Recherches sur Us elats du carbom (Paris, 1870), M. Berthelot showed that 
graphite could not be characterized as une espke define. Before that time all 
varieties of carbon leaving a grey mark on paper were called graphite. There 
appears to be continuous scries ranging from those varieties of carbon with a sp. gr. 
just below that of the diamond, to that of amorphous carbon, 1’6. Well-defined 
graphite, and amorphous carbon were supposed to differ in the degree of polymeriza¬ 
tion, and L. Staudenmaier showed that free carbon atoms have a marked tendency 
to associate into complexes to a higher and higher degree as the temp, rises, furnishing 
a series of modifications of carbon. M. Berthelot applied B. 0. Brodie's nitric acid 
reaction as a criterion for distinguishing graphites from other forms of carbon. 
He arbitrarily defined a graphite to bo any variety of carbon which furnishes graphitio 
acid on. oxidation with a hot mixture of potassium chlorate and nitric acid—»ide 
infra, action of nitric acid on graphite. Neither diamond nor charcoal yield graphitio 
acid, and B. C. Brodie believed that graphite may accordingly be regarded as a 
peculiar radicle to which he gave the name graphon. H. Moissan accepted this 
definition of a graphite, and, in his Recherches sur Us differentes variitis du carbons 
(Paris, 1896), showed that the complete oxidation of some graphites by M. Berthelot’s 
method requites six to eight successive treatments, but when the process is applied 
in the following manner, with nitric acid prepared by distillation from recently fused 
nitre with a large excess of boiling sulphuric acid, the application is simplified : . 


Dry graphite is added to cone, nitric acid, and then small amounts at dry chlorate; 
the oxidation is far more rapid and, in the case of natural graphites, the result is apparent 
at the end of the first treatment. Far more chlorate 
than graphite must bo used, weight for weight. The 
oxidation must last some twelve hours and finish at 60^ 

Care must bo taken at the outset not to bring the 
mixture of oldorato, nitric acid, and carbon up to 60°, 
or rather violent explosions may take place. The 
admixture of the smallest amount of organic matter 
must also be avoided. At the end of these oxidations, 
the graphitic oxide, obtained in more or leas well- 
defined crystals, has alwaw the same greasy appear¬ 
ance and the same light yellow colour. 

. P; SchafhSutl, R. P. Marchand, and B. C. 

Bpodie further showed that some natural gra- 
phitea after having been heated in the presence 
of sulphuric acid, or a mixtnxe of that acid with 

potassium chlorate or nitric increase largely ,._vermiouUtb. from 

in volume when subsequently heated on a platinum Swelling Graphites, 

M; and W. Luzi further showed that it is suf- * 

fipient to moisten the graphite with a smqll amount of nitnc acid to cause it to swell 
Wen I p-b*^. and to produce vermifarm or dendritic projections—illuatrated Eg. 1— 
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with ft oircumierence from a quarter to half an inch, and a length exten&g 
np to several inches, and bent or twisted in regular curves. The vermiculites 
coMist of a number of oblong cells densely grouped together, and -exhibiting 
on the outer surface long parallel folds and wrinkles. These forms always rise 
to the surface when placed in alcohol or water, and behave thus even when 
thoroughly soaked with liquid. The vermiculites can be readily pressed into 
different forms, and compressed between the fingers. The internal structure 
exhibits planes of highly metallic lustre which, according to E. Donath, are 
supposed to represent erystallization. W. Luzi, 0. Lttdecke, H. Moissan, and 
F. Sestini then proposed to divide the graphites into two classes: (i) Those 
which swell after treatment with nitric acid were ealled graphites. 

To this group belong graphites from Ceylon, Ticonderogft, Amity (New York State), 
Grenville, and Buckingham, Province of Quebec ; Borrowdale, England j Monte Rosa, 
Calabria; Bamle Skuttcriid, Norway; Marbach, Lower Austria; Plaffenreuth, near 
Passau, Bavaria; and Spain. 

(ii) Those which do not swell under these conditions were called graphitites. 

To this group belong graphites from Alstadt (Moravia ); Krumau, Schwarzbach, Mugrau 
(Bohemia); Passau (Bavaria); Saxonian graphite ; Irkutsk, Tunguska (Siberia); Storgswd, 
(Finland) ; Karsock and Omesnack (Greenland); Colfax County (New Mexico); ^uth 
Australia; Takaschimiza (.Tapan); and Leriglioni, Monte Pisano, Italy. Also all artifleial 
graphites made by electric processes. 

H, Moissan found that all the graphites obtained solely by the help of a very 
high temp, on any variety of carbon—diamond or lampblack—or by the con¬ 
densation of carbon vap., showed no tendency to swell under the action of cone, 
nitric acid. On the contrary, all graphites prepared at a high temp, by dissolving 
carbon in a metal—zirconium, vanadium, molybdenum, tungsten, uranium, 
chromium, iron, and aluminium—swelled readily. Graphite from low temp, iron 
did not swell, but that from iron which had been heated to a high temp, swelled 
abundantly. 

B. Weinschenk attributed the different behaviour of various kinds of graphites 
in nitric acid to a difference in their structure. The graphites which expand so much 
in volume by the nitric acid treatment usually consist of very thin, minute scales or 
plates, which, on account of their capillary structure, suck up the acid, and swell 
np through the gases produced during the action of heat on the acid. Graphite 
ancj graphitite, said he, differ only in their state of division, but are otherwise strictly 
identical. L. Jgczowsky has opposed this statement. 

According to E. Weinschenk, the term amorphous graphite is a misnomer because 
it refefk to varieties characterized by a compact dense structure, but which other¬ 
wise, like the larger lamellar aggregates, really consist of minute crystals. Graphite 
may be in so fine a state of subdivision that it is difficult to recognize its crystalline 
structure, “ in ail cases, the limit between crystalline and amorphous carbon is so 
sharp and distinct that a transition from one to the other is out of the question.” 
L, Forquignon stated that the carbon of malleable cast iron is wholly combined with 
the iron. The metal is softened at a temp, below the m.p., and there is a segregation 
of graphite throughout the whole mass. This graphite furnishes graphitic acid, 
but it is “ absolutely amorphous even when magnified x 400.” This test for 
crystallinity is inadequsite ;* since internal structure not external form is the only 
test that can now be recognized when dealing with pulverulent substances. 

- Some diamonds are dark grey and even black. They exhibit a more or less 
imperfect crystalline structure, and are known as black dlamondl, bort, or bolurt, 
or carbonado. Boart is an imperfectly crystallized, translucent, dark-coloured 
diamiHui Which has variops colours, but no clear portions, and is therefore useless 
as a gem; boart is used in the drilling of rocks, and in cutting and polishing other 
stones. Carbonado is the Brazilian term for a still less perfectly crystallized black 
diamond. It is as hard as boart, and hok similar uses. Boart and carbonado are 
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usually regarded as forms intermediate between diamonds and graphite. They 
occur in the diamond fields, and were synthesized by H. Moissan 2 who, in his 
ReclmcUs tur k$ differentes varietes de carbons, showed that if silver be substituted 
for iron, only black diamonds ere produced. 

Amorphous carbon is often taken to include coke, gas carbon, anthracite, soot, 
lampblack, animal charcoal, wood charcoal, and the forms of carbon which separate 
durii^ the decomposition of many chemical compounds— vide infra. M, Berthelot 
obtained a product which he called benzene carbon, by heating benzene, naphthalene, 
etc,, with a quantity of hydriodic acid insufficient tor complete saturation, 
C,.P, Cross and E, J, Bevan obtained what they called pseudo-carbon, by the dry 
distillation of cellulose, or by heating it with a dehydrating agent. It is probable 
that bituminous coals are hydrocarbons. 

The work of J, L, Proust discussed in the first volume (1. 2, 10) led to the idea 
that substances containing the same elements united in the same proportions must 
of necessity have the same chemical properties. In the early part of the nineteenth 
century this conception was regarded as axiomatic; but facts began to accumulate 
which rendered a revision necessary. Referring to M, Faraday’s discovery* of 
two hydrocarbons with the same elements united in the same ])roportion but with 
very different properties, J. J, Berzelius said in 1827 : 

Definito knowledge concerning this phenomenon is of such uignihoftneo in the theory of 
the composition of animal and vegetable substances, and has such an important Itoaring 
in organic chemistry, that it must not bo accepted us domonstruted until Us truth has 
been subjected to the most severe proof. 

The discovery that racemic and tartaric acids; cyanic and fulminic acids ; and 
o- and )3-stannic oxides have the same percentage composition, but diflcrent 
properties, led J, J, Berzelius (1832) to adopt the implication ; and suggest that the 
simple atoms of which substances are composed may unite with each other in diflcrent 
ways. He added: 

E, Mitseherlieh’s remorkable discovery that substances composed of different elements, 
but containing these in the same atomic ratio and arranged in the same manner, crystallite 
in the same form or are isomorphous, as we now say, has thus received its coraploment j 
and thia complement consiets in the discovery that Ixidies exist composed of an equal number 
of atoms of the same elemente, arranged, liowevor, in an unlike manner, and possossing 
therefore different chemical properties and crystalline forms, I'.c, that they are hetsro- 
morphous. If further investigation should confirm this view, an important st«|i would 
have been taken in the advancement of our theoretical knowledge concerning tlie compq|ii- 
tion of substances. But since it is requisite that w o should bo able lo express our conceptions 
by definite and appropriately chosen terms, 1 liavo proposed to call sulistancos of the same 
composition and of different properties " isomeric, ’’ from the Greek loo/isgijt (cogipoied 
of equal parts). 

Related phenomena were quickly discovered, and it became necessary to define 
more accurately the meaning of the term isomerism. Freely translating 
J, J, Berzelius’ further remarks (1833): 

The cases where bodies like the two stannic oxides have the same absolute and relative 
number of the same elemente, and the same mol, wt,, muet not lie confounded with others 
in which the relative number of atoms is the same, but not the absolute number. Thus 
the relative number of carbon and hydrogen atoms in ethylene, and in the hydro¬ 
carbon oil, C 4 H,. ia identically the same (i,e, the number ot atqprij of hydrogen is twice 
that of carbon), but one atom of the gaseoue substance contains only two atoms of 
carbon and four of hydrogen, =.C,H„ whilst one atom of the hydre^bon oU cimtains 
four athmsof carbon and ei^t atoms of hydrogen, —C^H, For the designation of this type 
of siinilarity in compoeitioa combined with dissimilarity in properties, I would si^gMt 
the term polymeric (from woAiir, many). But there ore yet other relations ui which rom 
stances appear isomeric in the true sense of the word without actually bemg fo. ouch 
a oaae arises when substances consist of two compound atoms of the first order, whieh are 
related to one another in different ways and which in consequence can form diaunilar 
„»mhias«.io. <s, e,g, stannous sulphate, SnSO*, and stannic oxysnlpluto, contain the same 
absolute and relative number of atoms of the same elemente and have the same at. wt., 
but lin case the latter salt should exist) they oouU not bs oonsidetsd as one and ths saraa 
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■ubstonce. Subetance* of thif kind* with thne or change of t«mp.» suffer a trcmspoaition 
of their oompononta without anything being added or t^en away, and a combination of 
different constitution is fomwd. ... In oMer precisely to differentiate such cases from 
isomerism, we may use for them the designation of tnefameric substances (from ^cra), in 
the same sense as in metamorphosis. 


Tho terms isomeric, polymeric, and metameric here coined were not always used 
consistently, and they are not now used in quite the same way as that suggested by 
J. J. Berzelius ; not all are agreed even to-day. Thus, A. Kekule, H. von Fehiing, 
E. Fr^my, A. Ladenburg, L. Meyer, and W. Nerust give for substances with the 
same percentage composition: 


IsouzBisuj 


Mol. wt. same 
Mol. wt. different 


Mstamkrish. 

POLYMSRISV. 


H. E. Rosooe and C. Schorleminer, A. Bernthsen, and V. von Richter give for sub¬ 
stances with the same percentage composition : 


(Mol. wt. different 

iMM »«* i Radicles different 
r Mol. wt. same t t» j- i 
'' \ Radicles same . 


POLYMERISM. 

Metamerism. 

Ihomerism. 


J. J. Berzelius, and H. E. Armstrong used a similar classification but restricted 
the use of isomerism in the narrower sense given in this table. J. J. Berzelius 
objected to tho practice of describing the different forms of an clement as examples 
of isomerism. He said : 


I feel compelled to call attention to the fact that the word itomtritm, which is applied 
to different eubetances composed of an equal number of atoms of the some elements, is not 
compatible with the view as to the cause of the different ]>rojierties exhibited by the various 
modifications of sulphur, carbon, silicon, etc. . . . Whilst the term still lends itself to the 
expression of the relation between ethyl formate and methyl acetate, it is no longer suitable 
in the case of simple substances which assume different properties, and it might be desirable 
to substitute for it a lietter chosen term, e.g. allotropy, or allotropic modifications from 
(JAAos, another, Torfsor, habit. In aocortlancc with these views, there can he more than one 
cause for that which wo call isomerism, namely : (i) Allotropy, in which case the difference 
between the two sulpliidee of iron (pyrite and marcasite) is due to the foot that they contain 
different modiffcations of sulphur, (li) Differences in tho relative position of the atoms in 
tho compound, of which tho two kinds (ethyl formate and methyl acetate) are so striking 
a proof, (in' Allotropy duo to substances contaitiing different forms of an element arranged 
in different positions. 


»J. J. Berzelius thus believed that the isomerism of compounds was often pro¬ 
duced by the. elements retaining their allotropic states in combination and that the 
cause of the isomerism in such compounds is to he sought in a change in the nature 
of the atoms themselves. After chemists had learned to appreciate Avogadto’s 
hypothesis, and to recognize that the mols, of elements like those of compounds, 
may be composed of several atoms, J. J. Berzelius’ distinction between isomerism 
and allotropy lost its significance, and tho term allotropy may be applied quite 
generally to both elements and compounds. That propel in virtue Ol 
<Hie suhstanoe, without changing its state, may exist in two or more forms 
with different properties is called allotropy. One allotropic form is an abas, so 
to speak, of the other. The less common form is sometimes called an “ allotrope ” 
or an “allotropic modification ” of the other. Are the allotropic forms of an element 
to be regarded as one dhd the same substance f No! because each form has a set 
Of distinctive and characteristic properties which distinguish it from all other 
substances. Two important and consistent theories have been derived to explain 
allotropy. 

1. Position theory .—When a determination can be made of the mol. wt. of two 
allotropio' modifications, there is frequently a difference, for the one modification 
may contain more atoms {ter mol. than tho other. This is the case, for instance, 
with oxygen and ozone. In consequence, it is often stated that allotropy is dne to 
a difference in the mol. wt. of the element. In other cases, it is assumed that 
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even when the mol. wt. are the same, as is probably the case with some of the different 
forms of sulphur, the atoms of the mol. are arranged differently. The idea is some- 
times expressed in this way; Just as the bricks of the same kind in the bands of 
a builder be fashioned into various structure.s, so Nature, from the same kind 
of atoms, builds up mol. structures with widely different properties. Lucretius 
illu^trftt^d a similar idea when he stated that the same letters differently arranged 
may poduce words with an entirely different meaning. M. Berthelot thus regarded 
the different forms of carbon not as substances containing different carbon atoms, 
but rather as complexes with different proportions of carbon atoms jtcr mol.— 
polymerized states of carbon. M. Copisarow discussed the allotropy of carbon on 
the assumption that allotropy is a function of valency and that th<‘ diffi'rent 
allotropic forms are produced by differences in the mode of intramolecular linking. 

2. Energy theory.—There is a change in the internal energy of an element wlien 
one allotropic modification is transformed into another. For example, ozone is 
formed from ordinary oxygen by an cndothermid reaction. Tlie heat ahsorlied 
in the production of one mol. of ozone is 341 Cals. Hence, L’Oj- 6H'2 ('als.; 
or 3024-68‘2 0als.==20s. Accordingly, ozone is sujiposed to have more available 
energy than ordinary oxygen. Similar remarks might be applied to the different 
forms of carbon and of phosphorus. In the case of sulphur, a-S f (L- SO^ t-71'ff8 
Cals.; j 8-S+02=S02+71'72 Cals. This means that the conversion of 32 parts 
by weight of rhombic sulphur into the moiioclinic form is attended by the absorption 
of 0 64 Cal. There is a difference in the energy content of (he two forms of sulphur 
as was the case with oxygen, W. von Siemens also regarded the allotropes of carbon 
as combinations of a hyjiothetical metal carbonium with htlenie V/iirme. lienee the 
definition: the allotropic modifications ol an element are composed ot one 
element associated with different proportions ol available or potential energy, 
and consequent they exhibit different physical and chemical properties. A 
definition of this kind describes the facts and no more. That is, of course, the 
function of a good definition. But there is a plausible finality about it not altogether 
pleasing. Energetics may tell ns when reaetions ean occur, but they do not tell 
us if they will occur, or how they occur. Energy definitions in general are strictly 
non-committal and less likely to stimulate the imagination than, jierhaps, the more 
hypothetical views. This indicates one great objection to the energy method of 
dealing with ehemieal reaclious. The atomic, mol., and kinetic melhods are far 
mote likely to prompt new and fruitful investigations. However, if we aiscept 
J. 0. Maxwell’s view, » 

The potential energy o( a mol. Uoponcls essentially on the relotive positions ol the istrts 
of the system in whieh it exists, and that potential energy cannot bo tronslonnefi in any 
way without some change in the relative position of these parts, 

it follows that the energy theory of allotropy is quite, in harmony with the position 
theory, and that the one supplemcnta the other, for changes in the internal energy 
ate dependent on changes in the configuration of the system. 

The transition of ordinary a-8 to j3-S is reversible. There is a definite tran¬ 
sition temp, below or above which oidy one of the forms is stable, and the other 
form unstable. This is a case of enantiotropic jUlotropy — from the Greek 
Asrrribt (cnantios), opposite; rpoirot (tropos), habit. •The transformation of 
A-S to ;i-S is also reversible, but there is not a definite transition temp., for the 
amount of each form present when the system is in equilibrium is determined by 
the temp. The phenomenon is called dynamic allotropy, to distingi^h it from 
that which precedes. In yet a third type of allotropy, the change is irreversible, 
one form is in a metastable con<lition at all temp. TMs is caUcu monotvotfo 
tropy, to distinguish it from the two phenomena which precede—example, diamond, 
and graphite. 
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§ 4. The Action ot Heat on the Diamond and Graphite 

In 1694-5, G. Averani and C. A. Targioni,' of th« Accademia del Cimento, 
showed that when heated in the focus of a large burning glass, diamonds disappeared. 
It was concluded that the diamond evaporated, or volatilized under the influence 
of heat. After comparing the high refractive indices of camphor, olive oil, amber, 
etc., “ which arc fat, sulphureous, unctuous bodies,” with the high refractive index 
of the diamond, Isaac Newton, in 1704, inferred that “ a diamond is probably an 
unctuous substance coagulated.” Later observations showed that this hazardous 
guess happened to bevnear the mark, but, as G. Delafosse has pointed out, bad the 
same argument been applied to anatase, or to greenockite, the analogy would 
have broken down. It is interesting to note that Isaac Newton’s guess was antici* 
pated a century before by A. B. de Boot. R. Boyle (1672) heated diamonds in 
a crucible, but with no definite results. J. Kunckel said that the diamond is not 
altered by,fire. The subject was discussed by J. F. Henckel in 1725. T. Bergman 
(1777) proved by means of the blowpipe that the diamond does not contain silica, 
"and be assumed it to be a special earth, terra nobilis. " Urged by intense beat, 
the diamond oontracts a kind of soot on its surface.” Five years afterwards he 
Verified the observation that the diamond is combustible. In 1766 J. d’Aroet 
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repeated the experimente of 6. Averani and C. A. Targioni; he heated diamond* 
in a crucible and found that they were compl&etiieni vcialilkfs. After heating 
a diamond in a luted crucible in a pottery oven, he found the interior of the 
crucible contained a kind of fume noire, without sensible loss of weight. 
P. J. Macquer observed that une cspAse d'aureole ou de flomtne played about the 
diamond during its destruction by fire. A. L. Lavoisier inquired if the apparent 
destruction is truly a volatilization or a combustion. He proved that the vola¬ 
tilization of the diamond is e» realite un phenotnine de combustion, and that the 
diamond burns only in contact with air. It resists the action of the most violent 
heat if air be rigorously excluded. In answer to the question: Quest-ce que If 
diamant f A. L. Lavoisier replied : 

It is still impossible to answer this question in a satisfactory manner, and perhaps 
it will never be possible to do so. Kevertheless, in summarizing our knowl^go on 
this subject we can regard as proved: (i) The diamond is a combustible substance 
which bums at a temp, near the m.p. of silver; (iii) Like most combustible bodies it gives 
a surface film of a black substance resembling carbon ; (iii) When the conditions are 
unfavourable for combustion it is converted into carbon ; (iv) When heated to a very hijdt 
temp, exceeding that of the porcelain oven, it is pertly converted into a vapour incoercibU 
and into a gas which gives a precipitate with iime-water, and which reaemblea very closely 
le gaz digagldee effervescences, dcs fermeniations, et dcs r&luctions mikdliguts. 


A. L. Lavoisier thus demonstrated the close analogy between the diamonil and 
carbon, but he did not prove that these two substances have the same chemical 
composition. In 1797, S. Tennant burnt the diamond by fusing it with nitre, and 
collected the carbon dioxide which was formed. He demonstrated that equal 
weights of carbon and diamond furnish the same quantity of carbon dioxide, and 
concluded that the diamond is composed exclusively of carbon. 0. S. Mackenzie, 
and W. Allen and W. H. Pepys concluded that different varieties of charcoal and 
graphite furnish the same amount of carbon dioxide as the diamond ; and added 
that “ the diamond differs from charcoal solely in the firmness of its aggregation 
which is generally known to be an obstacle to every chemical change.” L. B. Guyton 
de Morveau (1799) came to the same conclusion from an experiment in which the 
diamond was heated with iron whereby the latter was converted into steel, just as 
occurs when iron is similarly treated with carbon. The general conclusion, as 
summarized by B. J. Hally, is that le diamant a passe dans la elasse. des substances 
inflammahle,s, comme etant uniquement compose de charbon. ... 

In 1808 J. B. Biot and F. J. Arago ascribed the high refractive index q> the 
diamond to’ the presence of at least 25 per cent, of hydrogen. L. B. Guyton do 
Morveau also regarded the diamond as pure carbonaceous matter contaimn(j possibly 
some water of crystallization, but the experiments of H. Davy on the. combustion 
of the diamond showed that no substance other than carbon dioxide is produced by 
the combustion of the diamond in oxygen ; there is no evidence of the formation 
of moisture, and the assumption that the diamond contains hydrogem or water 
must be abandoned. J. B, A. Dumas and J, S. Stas have shown that the ^mond 
cannot contain more than p^th per cent, of hydrogen. H. Davy sugg^ted th^ 
possibly the diamond contains oxygen, and A. Cairc-Morant also smd in 1828 
that on n’est pas Uen assure encore s’il est pur ou combine avec loxygene. T ho vanous 
determinations of the at. wt. of carbon (q.v.) on the fqfm of the diamond show that 

this assumption is also untenable. j • i. ■ n j.i._ 

In 1890 A Krause raised the question whether the diamond is chemically the 
same as carbon since all the preceding work may be interpreted that twin element* 
-like cobalt and nickel-are in question. Diamond spbnters were burnt in a 
current of oxygen, the products of combustion absorb^ by ammonia, *nd the 
ammoniacal soln. decomposed with pure sodium hydroxide. A companson of the 
ervstab obtained on evaporation with those of pure sodium carbonate, showed that 
tKy had the same percentage of water of crystallization, tlmt they were identi^ 
in crystalline form, optical properties, m.p., clectncal conductivity, and lolnmUty 
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in water. He concluded that the diamond must be chemically identical with 
carbon, since not only is the at. wt. the same, but on oxidation they both yield 
exactly the same product. 

According to J. B, A. Dumas and J. S. Stas,2 only the clear and colourless 
diamonds leave; no ash when burnt; with other samples they obtained 0-06 to 0’20 
per cent, of straw-yellow to reddish-yellow ash ; 0. L. Erdmann and R. F. Marchand 
obtained 008 to 015 per cent, of reddish ash from the clearest diamonds; and 
L. E. Rivot, 0’24 to 2’03 per cent, of yellowish ash. A. Petzholdt found the ash 
contained microcrystalline plates. Some of the crystals, said C. Priedel, are active 
towards polarized light. A. Petzholdt said that the ash contains silica and iron oxide; 
Jj. E. Rivot, ferruginous clay; and H. Moissan, iron oxide as the principal con¬ 
stituent of the ash, along with silica and lime. According to Q. Halphen, a diamond 
possessing a brownish tinge became rose-red when heated, and the colour vanished 
after heating 8-10 days. W. Flight and N. S. Maskelyne found that a dirty-yellow 
diamond was decolorized by heating it in hydrogen or chlorine gas ; and a diamond 
which lost its rose-red colour on exposure to light, acquired the original tint when 
heated. C. Friedcl found a green Brazilian diamond acquired a brown colour when 
heated to about 2.30° in the absence of air. H, Moissan also noted the colour of 
some diamonds becomes less marked after they have been heated in hydrogen. 

A. F. de Fourcroy, L. B. Guyton de Morveau, P. J. Macquer, etc., have mentioned 
thi; blackening of the diamond when heated. B. Silliman noted that when the diamond 
is heated in the flame of the oxy-hydrogen blowpipe, and partially burnt, the edges 
a])pear rounded as it there has been superficial fusion, but it was not estabhshed 
whether fusion really did occur. W. Allen and W. H. Pepys, J. Murray, and 
C. M. Marx made a similar observation and noted that a blackening occurs. 
A. Morrell found that when diamonds are heated in the coal-gas flame, they acquire 
a surface film of graphitic carbon. G. Rose noted that when some diamonds are 
heated, they shatter with a loud noise ; but neither he nor E. H. von Baumhauer 
ever observed the slightest sign of blackening when the diamond is burnt in air. 
6. Bose attributed the blackening to the formation of graphite. E. D. Clarke’s 
results with the oxy-hydrogen blowpipe were rather indefinite. V. A. Jacquelain, 
however, stated that no fusion occurs in the oxy-hydrogen or oxy-carbon monoxide 
flame. According to M. de K. Thompson and co-workers, diamonds darken at 
1000°, due to numerous cracks causing absorption of light from total reflection. 
These cracks arc jirobably produced by small black spots, which mark the beginnings 
of the change to graphite. At 16.50°, diamonds change slowly to a substance which 
gives B. C. Brodic’s reaction for graphite. By increasing the temp, to 1750°, the 
rate of fjansformation is increased 26 times. 

G. Friedel and G, Ribaud studied the, effect of heat on the diamond. When 
observed between nicol prisms, crystals from all sources show black lines which 
appear to be due to deformations of a substance originally isotropic. The uneven 
cooling of the original magma in which the crystals were formed, and external 
mechanical action, are not sufficient to account for the magnitude of the double 
refraction observed : and it is considered necessary to assume that a polymorphic 
transformation, accompanied by a change of volume, has taken place at a temp, 
when the plasticity was sufficient to allow the crystal to retain permanent deforma¬ 
tions. The conversion of diamonds into graphite takes place near this point. 
Above 1500°, the surface*of a diamond began to blacken, but only a thin skin was 
affected. This skin is translucid, and consists of diamond containing a small 
proportion of graphite; it is hard and brilliant; it is not affected by chemical 
reagents which oxidize graphite; but in a Bunsen burner it is burnt away leaving 
colourless diamond. A few minutes’ heating at 1800° causes a more rapid pro¬ 
duction of ^aphite along the edges of the crystal. Up to between 1850° and 1865° 
the bands, between nicol prisms, show no alteration when re-observed after cooling; 
but towards 1876° or 18^°, they show some deformation in places indicating a cer- 
tam plasticity at this temp. When 1885° + 6° is exceeded the crystal bre^ into 
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fragments, bounded by octahedral planes of cleavage, and the bands due to double 
refraction imdergo a complete change. It is possible to observe this only if the 
temp, is exceed^ for a few seconds, otherwise the whole of the diamond is very 
rapidly converted into graphite. G. Friedel and G. Riband suggest that above this 
temp, a new form of crystal is produced, which is converted into graphite more 
rapidly than ordinary diamond. 

H. Moissan found that if heated to 2000° in a crucible packed with powdered 
carbon, the diamond becomes covered with a black film which is not graphite. 
In the electric arc, at a somewhat high temp., the diamond becomes incandescent, 
swells up without melting, and becomes covered with black massies, consisting 
entirely of hexagonal lamella) of graphite, which is easily converted into graphitic 
oxide. If the diamond is placed in a small carbon crucible in the electric are furnace, 
the crystals first break up into snrall fragments along the planes of cleavage, and 
then at a higher temp, swell up and are completely converted into graphite, which 
yields yellow graphitic oxide. It follows that at the temp, of even a moderately 
intense electric arc, the stable form of carbon is graphite. L. von Schrotter observed 
that when a diamond resting on a platinum plate is heated to a high temp., some 
carbide is formed. By heating the diamond in the electric arc between carbon 
poles, the mineral softens and changes into a mass resembling coke; and 
C. Despretz likewise found the diamond is converted into graphite and melts to 
small spheres; but H. Moissan said that the diamond swells and is graphitizod 
without melting. J. P. Gassiot also made some inconclusive experiments on 
this subject. W. Crookes found that during the bombardment of diamonds in 
the cathode rays, not only is there a brilliant phosphorescence, but the diamond 
becomes discoloured and in time becomes black on the surface. Some blacken 
in a few minutes, others require an hour or more. 0. Doelter found that diamonds 
were browned or blackened superficially in some cases at 13(X)°, in others at IfiOO , 
and iti still other oases at 2000° and 2500° in an inert atm H. Vogel 
and G. Tammann observed the superficial blackening at 1500 -1700 . I he black 
film is removed by polishing powder; it is not ordinary amorphous carbon, but 
probably graphite. 0. A. Parsons and A. A. 0. Swmtoii found that when heated 
in the focus of a cathode-ray discharge, at a temp, of 1890°, the diamond is converted 

’"^C^MhL'^has analyzed a number of samides of graphite hiid his results are shown 
in Table II. Other analyses have been made by W. Imzi, h. Weinschcnk, 

H. V. Regnaulfc, etc. * 

Table II.—Analyses of GiiAFHiTK. 


Analygcs of grapliltc. 


Alibert, Urala 
Cumberland 
Mugrau, Bohemia 
Schwarzbacha do. 
Cumberland 
Pasaau 

Fagerita, Sweden 
Oeasa, Brazil 
Madagascar 
Ceylon . 
Bxtn km gharo. Canada 
Pisaie, Hautes-Alpes 


9403 

91-66 

9106 

8805 

84-38 

81-08 

87-66 

77- 16 
70-68 

68- 30 

78- 48 

69- 67 


V(»Iatilt"*.[ 

0-72 : 
1-10 

4- 10 

1- 05 

2 - 62 
7-30 
1-86 
2-68 
6-18 

5- 20 
1-82 
3-20 


Analyw!* ot ash. 


Asli. 

810, 

AljOj 

FeO 

5*25 

64-2 

24-7 

10-0 

7-36 

62-8 

28-3 ‘ 

120 

4*85 

61-8 

28-5 i 

8-0 

10-90 

62-0 

28-5 . 

0-3 

13-00 

62-0 

25-0 

10-0 

11-02 

63-7 

a 3.5:6 • 

0-8 

10-80 

68-6 

srs ; 

7-2 

20-30 

79-0 

: 11-7 

7-8 

24-13 

69-0 

31-8 

6-8 

2C-50 

60-3 

41-6 

8-2 

19-70 

65-0 

i 26-1 

6-2 

37-13 

68-7 

20-8 : 

8-1 


MtfO Alkalloa 
fCaC) aivl hsu. 


0-8 

8-0 

0-7 

1-6 

2-6 

1-7 

0-5 

1-6 

1-2 

0-6 

1-5 


0-3 

1-2 

1-0 

1- 7 
0-4 

2 - 2 
2-2 

0-6 

1-2 

0-9 


^ T. Eisner thouaht that graphite is volatilized in the poredain oven beoat^tha 
veTl “ blacken^ above the graphite, but H. V. Begnault showed that 
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the blackening is probably due to the volatilization of a hydrocarbon in the graphite. 
M. Berthelot attributed the sublimation of some graphite from a mixture of boriferous 
graphite heated white hot in a stream of chlorine, to the formation of a volatile com¬ 
pound of the three elements. 0. F. Rammelsberg thought that a loss which he 
observe<l on heating some purified graphite might be due to volatilization. R. Hare, 
and B. Silliman passed an electric current through a graphite or a charcoal rod, and 
observed that the surface became covered with fused carbon, which has the character 
of graphite; but L. Vanuxen claimed that the fused globules are nothing but the 
fused ash of charcoal or graphite and consist mainly of iron oxide and silica. R. Hare 
defended his statement that the carbon was actually fused, but L. Vanuxen’s 
claim was probably right. According to F. Braun, if the discharge from a Leyden 
jar be passed through carbon between two glass plates, the carbon gives a continuous 
spectrum, and microscopic spheres of fused carbon can be detected. There has 
been some discussion as to whether or not the carbon is really fused. 

H. Davy, and N. T. de Saussure observed that amorphous carbon is one of 
the most difficult substances to melt or vaporize. When heated to a high temp, 
it becomes hard enough to scratch glass. C. Despretz, and A. Bettendorff found 
that when heated intensely in vacuo by an electric current, amorphous carbon 
is converted into graphite. A. Schuller heated a carbon rod in vacuo and noted 
that a grey film appears on the glass walls; this is attributed to organic matter as 
an impurity in the carbon because the film does not get any thicker with subsequent 
heating. He could detect no evidence of fusion, but there were signs of the 
volatilization of the carbon. M. Berthelot noted the volatilization of carbon from 
the filaments of an electric incandescent lamp run with the smallest possible heating 
of the graphite filament. The temp, is probably 1200°-1500°. The sublimate is 
solely amorphous carbon. The formation of a sublimate in incandescent lamps 
under these conditions indicates that carbon exerts an appreciable vap. press, at 
temp, about 2000“ below its b.p. 3600°. This unusually large interval is regarded 
as further evidence of the highly complex character of the mols. of solid carbon. 
R. Hare, and B. Silliman thought that they had established the volatilization 
of heated carbon: 

. When two mahogany-charcoal electrodes connected with an electric machine are brought 
into contact, they become incandescent, and if the points are separated a short distance, 
they glow vividly, forming a bright luminous ore, and send up a white smoke having a 
peculiar odour. The negative pole decreases in width, and a quantity of additional matter 
ia deposited on the point; this grows a length of about half an inch and is then replaced by 
a new growth. On the controry, the charcoal of the positive pole soon loses its point, 
and a cup-like cavity ia formed in it, whilst at the same time it suffers but little diminu¬ 
tion on the sides. To whichever part of the positive charcoal the point of the negative 
piece is direoted, there the excavation is produced. If the two pieces of charcoal come in 
contact, they stick together. If the positive charcoal be replaced by a piece of metal, 
the negative piece receives no increase, but is gradually shortened during the combustion. 
In nitrogen gas, the two pieces of charcoal exhibit as brilliant a light, and the same growth 
of the negative point, as in air. Hence it appears that carbon, in the state of vap., is 
transferred from the positive to the negative pole. If the eyes are protected by a pair 
of green smctacles, small particles of carbon may even be seen passing along the luminous 
are from the copper pole to the zinc pole. The matter which accumulates on the negative 
point sometimes forms a cylinder, sometimes a round knob with a stem. When examined 
by a magnifying-glass, it exliibits a fused, warty or botryoidal, smooth, metallic-shining, 
greyish-block surface, a«d a npn-flbroua structure; sinks rapidly in oil of vitriol; does 
not conduct electricity (hedbe its presence makes the charcoal less brightly incandescent— 
but on the removal of the fused portion, the brightness is restored); bums very slowly 
at a red heat, without visible dame, producing oarbonio acid, and leaving, sometimes 
a yellowish-grey ash, sometimes none at all. It is not attacked by sulphuric acid, and very 
little by hot nitric acid. No sign of fusion ever appears on the positive charooaL 

Similar fesults were obtained by J. Griscom, and even with an ordinary battery 
by W. West. C. A. Parsons, and R. Threlfall have discussed the effect of high 
temp, and high press, on carbon —vide infra, synthesis of diamonds. According 
to B. Moissan, wW a carbon tube of about 1 cm. diameter is heated in an eleotrio 
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arc furnace, a light black cloud forms in the interior, in consequence of the condensa¬ 
tion of carbon vap. If a dish containing crystallized silicon is placed in the tube, 
the silicon melts and then boils, and its vap., coming into contact with the vap. 
of the carbon, forms slender needles of carbon silicidc. No evidence of the fusion 
of carbon was obtained, although the temp, was sufficiently high rapidly to volatilize, 
calcium and magnesium oxides. In all cases, the carbon subjected to tliese high 
temp, is converted into graphite. The black deposit formed on the internal surface 
of incandescent lamps consists of amorphous graphite mixed with crystals of carbon 
silicide and some other crystals that seem to be silica. The carbon vap., whether 
condensed in a carbon tube, or on the exterior of a copper tube kept cool by internal 
circulation of water, or on the electrodes themselves, condenses always in the form 
of graphite, and the deposits show no traces of fusion. When the filament of 
an incandescent lamp breaks, the fractured ends show no traces of fusion, but are 
covered with small crystals of graphite. It follows that carbon, like arsenic, 
volatilizes under ordinary press, without previously fusing. It is probable, how¬ 
ever, that under a sufficiently high press, fusion would take place. 


The effect of press, on a solid which evaporates under atm. press, without melliii* is 
illustrated by placing solid acetylene in a test-tube closed by the finger. It will liquefy 
under its own press., and on oiiening the tube, the liquid at once solidifies, the ex|ieiiinent 
can be repeated many times with a small quantity of liquid. 
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§ 5. The Synthesis and Genesis ol Diamonds 

La reproduction du diamant eat un probRmo pour lea chimiates mddernea le pendant 
de la piorre philoaophale pour lea alchimiatea,— H. I.E Chatelibr (1908). 

Many attcmpta have been made to synthesize diamonds, i.e. to enhance the 
commercial value of carbon by transforming it from its ordinary opaque black 
condition to limpid crystals of diamond. In 1828, C. Cagniard dc la Tour i reported 
that he had succeeded in making artificial diamonds, but L. J. Thteard showed 
that the product was charcoal mixed intimately with a hard crystalline slag con¬ 
taining alumina, ferric oxide, silica, and manganese oxide. In 1828, J. N. Gannal 
announced that by keeping a soln. of phosphorus in carbon disulphide under a 
layer of water for three months, he readily obtained crystals of carbon, some of 
which attained the size of un grain de millet. Both Q. Gore, and H. Moissan failed 
to confirm this report. The latter obtained nothing but small grains of silica, 
completely soluble in hydrofluoric acid, even after five years ; nor were any better 
results obtained with antimony in place of phosphorus. H. Moissan said that if 
purified carbon disulphide bo used, no deposit appears during five years, but if 
moisture be present, small glistening drops of water appear on the glass as soon as 
the temp, is lowered, and these may have been mistaken for crystals. 

C. Despretz caused an electric arc to play between a carbon electrode and a 
bunch of platinum wires, and obtained a crystalline dust which scratched rubies, 
H. Moissan said that the crystals may have been carbon silicide or boride, but the 
action of the electric arc on carbon has never yielded crystallized carbon other than 
grap'hito. M. Berthelot examined C. Despretz’s electrodes and found graphite 
but no diamonds. J. Mactear claimed to have synthesized diamonds by an 
dndescribed process, the crystals were examined by \V. Crookes, and shown by 

N. 8. Maskelyne to be a crystalline silicate. The synthesis of diamonds has been dis¬ 
cussed by E. B. de Chancourtois, D. Eossi, A. Favre, E. J. Maumend, etc. A. Lud¬ 
wig experimented in an atm. of hydrogen at 1500 to 3000 atm. press. Carbon 
rods, with their ends in contact with each other, were heated by an electric current; 
after a few seconds, the current-strength sank to nothing, soon increasing again to its 
former value. This went on for some minutes. The author assumes that the carbon 
points fuse to the transparent modification of carbon, which, like other transparent 
substances, is a non-gonductor of electricity. Owing to the interruption of the 
durreot, the temp, falls afid the transparent carbon changes into graphite, whereupon 
the process is repeated. In order to obtain the transparent fused carbon in the 
solid form, it appears necessary to cool it so quickly that the transformation into 
graphite cannot take place, Attempts to obtain rapid cooling by means of hydrogen 
gas and by dropping the fused carbon into water were unsuccessful owing to the 
difSculty of obtaining a sufficiently rapid flow of gas in the first case and to the 
4 X!Ourrenoe of Leidenicost’s phenomenon in the second. In 1828, B. Silliman claimed 
to have ;|pmorutrsted the fusion and volatilization of carbon by an electric current; 

O. Lumraer, M. la Bosa, and F. Braun claimed to have obtained evidence ol the 
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fusion of sugar carbon in tbe electric arc. 0. P. Watts ami C. E. Mcmlcnlmll 
found that with a rising temp., deformation takes place with graphite toils between 
1800° and 2150°, and it is concluded that the deformation is due to a gradually 
increasing plasticity of the carbon and not to the commencement of fusion. The 
alleged changes of structure are attributed to volatilisation and suhaeipient con¬ 
densation. S. Munch, and B. Ryschkcwitsch agree that graphite becomes plastic 
before melting, and with a sufficiently high amperage the latter said that small 
graphite rods can be welded. J. 6. Paramcr found that the bending of carbon rods 
at high temp, is due to the presence of impurities. F. Sauerwahl believed that 
E. Eyschkewitsoh’s fused globules of graphite were really beails of impurities 
distilled from the hot to the cooler parts of the graphite. A. Thiel and A. Hitter 
concluded that the presence of apparently solidilied drops of graphite in the iTater 
of the carbon electrode allowed to cool after forming the arc, is not a residt nt the 


fusion of the graphite. 

According to A. Konig, graphite is the stable modification of carbon at temp, 
exceeding 1000°, and it is uncertain whether at lower temp, there is a transformation 
point for graphite or diamond, or whether the diamond is unstable at all temp. 
The sp. vol. of the diamond is smaller than that of graphite, so that the transition 
point will bo raised by an increased press.—approximately 1° per 35'07 aim.—but 
the formation of the diamond at low temp, and high press, is very improbable because 
of the slowness of the reaction. The diamond can be produced at a high temp, 
only by accelerating the formation of the labile form before the stable form, llie 
possible modes of formation are by crystallization from a molten flux; by condensa¬ 
tion of the vap.; and by separation from soln. K. Threlfall, however, suggested 
that under suitable conditions, the formation of the diamond is not so niucli a 
transformation of carbon from one form to another, but is rather the result of a 
decomposition of a carbide in the presence of substances winch accelerate the crystal¬ 
lization. The temp, must be sufficiently low to ensure that the velocity of the 
transformation from diamond to graphite is small. E. do Boismenu 
made diamonds up to 2 mm. in diameter by the electrolysis of molten ealcinm 
The diamonds formed about the anode. A kilogram of calcium carbide is said to 
have furnished 1-75 carate of true diamonds. The claim yet remains 

Molten solids, on cooling, generally crystallize. • Carbon, however, a*'”-1 • 

volatilizes at about 3600°, without passing through the intermediate "T'"'* ., 

b.p. appears to be below its m.p. Carbon dioxide, acetylene, silicon tetrallnoridc, 


M Didmond f ^ 




^ /emptmtur09 Thmperdiums 

Fios. 2-3.-EquUibrium Conditions of Carbon at Different Temperatures and Prepare., 

and arsenic also voUtilize without liquefaction at 

liquefied if it be heated under press. It is therefore infer^i that d sutteient 
oo\u be appUed, carbon would melt to a liquid a^crystalhze 

^^attemptedtomelt carbonatpress. upto 15 OOOat- 

As indicated above, the diamond at ordinary temp, is supFst^ to be tee unsa^^^ 
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melt at about 3000°, and the liquid would have a vap. press, curve represented 
diagrammatically by BO, Fig. 2; and the vap. press, of solid graphite would 
be represented by AB. The vap. press, of the diamond would be represented 
by the curve AD. The m.p. of the diamond under great press, is represented 
by the point D; and B represents the m.p. of graphite. The curve BE shows 
how the m.p. of graphite changes with press. If molten graphite be under¬ 
cooled, the soln. would become more and more viscous with a falling temp., 
and finally appear as amorphous carbon. 6. Tammann modified the hypothetical 
diagram as indicated in Fig. 3. He postulates a region MBL, where the diamond is 
in a state of pseudo-equilibrium. The curve MB represents the temp, and press, 
where graphite changes into the diamond, and LB the conditions for the reverse 
change. When carbon is in soln., in iron, silver, or molten silicates, he assumes that 
the diamond and graphite are in equilibrium. Hence, diamonds may be produced 
with fast cooling, while with slow cooling graphite alone separates. The question 
whether the diamond and graphite can form solid soln. is an open one. Other 
observations have been made by 0. Lummer, K. Fajans, E. Griineisen, H. Kohn, 
J. A. M. van Liempt, J. J. van Laar, etc. 

J. B. Hannay started from the fact that when the hydrocarbons are heated to a 
high temp, in the presence of the alkali metals, a hard, lustrous form of carbon is 
produced. He did not observe any signs of the formation of the diamond by 
working at high temp, and press, with the hydrocarbons— e.g. distilled paraffin— 
and lithium. He then heated bone oil in a sealed iron tube, and claimed that in 
some oases black or transparent crystals having the properties of the diamond 
were -found in the carbonaceous mixture of iron and lithium at the bottom of the 
tube. He added: 

From the fact that the diamond was obtained only in the presence of nitrogenous matter, 
and that the produot contained a little nitrogen, I am led to conclude that the diamond is 
produced in this reaction by the decomposition of some nitrogenous compound, and not 
by that of a hydrocarbon. 

.1. B. Hannay constantly mentioned the presence of silica; and H. Moissan added 
that if the diamond was really obtained, it was formed under press, owing to the 
solubility of carbon in a fairly fusible alloy of iron and lithium, and not from the 
nitrogenous compounds contained in the bone oil. H. Moissan did not succeed 
when following J. B. Hannay’s directions. C. Combes took a view different from that 
of H. Moissan. The special feature of H. Moissan’s experiment is the crystallization 
of the carbon from its soln. in molten iron under the great press, generated by the 
contraction of the cooled and solidified outer shell. 

* Th* Ataximum hydro$tatk preaiure in the interietr of a sphere of liquid metal surrounded by 
a shell of solid metal. According to K. Threlfsll, neglecting the rigidity and modulus of 
incompressibility of the metal, it follows from L. J. G. Violle’s formula that if P denotes 
the hydrostatic press, per unit area ; r, the tensile stress of the metal; Cj the radius of the 
liquid portion; and r, the radius of the sphere j then the relation between the maximum 
bydrostatio press, which can be produced before the metal ruptures is given by 
P=f2T(r,*—r,*)l/(r,*—2r,’). When r is known, the press, corresponding with different 
values of rj and r, can be computed. If the breaking strength of iron under a tensile stress 
be 10 tons per m. in., the bydrostatio press, might rise to 20 tons per sq. in., although 
R. Threlfall considers 8 or 9 tons per sq. in. would be nearer the mark. 

According to G. }?ouese^, crystals of the diamond, accompanied by graphite, 
are formed at ordinary press, when acetylene, generated from calcium carbide, is 
decomposed at 3000° by an electric current. C. A. Parsons heated a carbon rod 
electrically while immersed in liquids—benzene, paraffin, treacle, and carbon tetra¬ 
chloride and disulphide—at press, up to 2200 atm., and found deposits of amorphous 
carbon were obtained in ail cases. Similar results were obtained at 4100 atm. press. 
,The distillation of carbon in an atm. of carbon monoxide or dioxide also gave amor¬ 
phous carbon. 0. Ruff observed that no increase in size occurs when diamonds were 
Wted at 790° for 14 days in acetylene, coal gas, methane, or carbon monoxide. 
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On the other hand, a carbon arc in liquid air gives a minute residue of crystals 
fluorescing like diamonds. A carbon arc through which a spray of water passes 
continuously gives a minute residue, the fluorescence of which is very faint. Organic 
vap. mixed with carbon monoxide yield amorphous carbon and graphite, and mix¬ 
tures of molten organic solids with catalytic agents give entirely negative results. 
W. von Bolton, however, claimed to have recrystallized diamond dust by heating 
it in mercury vapour derived from sodium amalgam. 

In 1880, B. S. Marsden, heated up to the m.p. of steel, silver, or an alloy of silver 
and platinum in a crucible lined with sugar charcoal, when the silver dissolved a 
small quantity of carbon, and gave it up again on cooling. When the metal was 
removed by nitric acid, the residue consisted of amorphous carbon, graphite, and 
some small black or transparent crystals with properties like the diamond. H Mois- 
san said that he obtained more or less well crystallized black diamonds by this 
process, especially when the crucible is heated in a wind furnace with retort carbon. 
K. Chrustchofi also obtained diamonds from a soln. of carbon in molten silver. He 
added that molten silver can dissolve about 6 per cent, of carbon. C. V. Burton 



Flo. 4.—Moissan’s Electric Arc Furnace. 


claims to have obtained diamonds from a soln. of carbon in molten lead alloyed with 
about one per cent, of calcium. Iron also dissolves carbon and gives it up again on 
cooling The solubility increases with the temp. H. Moisron packed a P'^« ^ 
k^n Ts pure as practicable, in a carbon crucible with sugar charcoal. The crucible 

5 nmthrfmn^nder a very great press. After dissolving away the iron, etc., some of 
i^L^wWoh remabi^as^in the form of boart-black diamonds-^ome as. 
the ^ of transparent diamonds-niicroscopid it is true. 

rtoi^n separated m many as 10 to 18 minute transparent ^ 

•' 1 • A in this wav The larceat was about | mm. long# He latoi 

^d 'that the addition of a little ferrous sulphide, or siUcon or iron silictde 
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iavouied the formation of the diamonds. The method is thus described by 
H. Moissan: 

Swedish iron (160 grma.) was cut in fragments, and melted in the electric furnace in the 
presence of sugar carbon. The saturation of the iron by the carbon at the temp, of the 
electric furnace is finished in two or throe minutes with a current of 400 amperes at 120 
volts. The crucible containing the fused metal is removed from the furnace, and we add a 
solid piece of iron monosulphide (about 6 grms.) which melts at once and mixes with the 
mass. The metal swells up and abundant gases oro given oft. After cooling, the metallic 
mass is treated by acids. The graphite is transformed into graphitic oxide, then into 
pyrographitic oxide, end the latter is destroyed by a mixture of boding sulphuric acid into 
which are tlirown about 60 grms. of nitrate of ;wt^ in smaU portions. After several alter¬ 
nate treatments of this residue by hydrofluoric and sulphuric acids, then by fusion with 
po|f^ium liydrofluoride, it is washed, dried, and placed in methylene iodide having a density 



Fio. 6.—Cooling the Solution of Carbon in Iron. 

of 3'4. The part which falls to the liottoin is collected. By the above process no diamonds 
were obtained, but the result is quite different if the crucible containing the liquid iron 
with the added iron sulphide is cooled suddenly in a mass of cold water. After the first 
phenomena of calefactioii, the porous graphite crficible is rapidly penetrated by the water. 
The metallic mass Is cooled on the exterior and a solid cnist is formed. As we showrf before, 
an internal press, is thus formed and the carbon which deposits in the inner liquid part takes 
the form of the diamond. The appearance of the metallic masses to which sulphur has been 
added is sometimes different from ordinary cast iron cooled in water. An external resistant 
portion is still formed, but the surface of the metal, in the case of sudden cooling, is covered 
with a black, spongy, and solid layer, which comes from the rapid solidification of the metal 
while in an emulsion form, the latter being due to the sudden diaetq^gement of gas. If the 
gasM have had the tiiqp to come out before the immersion in water, the metal has the 
ordinary appearance. m * 


H. Moissan did not get such good results by cooling in a current of coal gas as in 
water. Modifications were suggested by W. Borchers, C. Friedel, W. StaedeL 
0. Combes, etc. 0. Ruff used alloys of iron with titanium, vanadium, tungsten,, 
'and molybdenum. C. Friedel obtained black crystals which scratched glass by 
heating carboniferous iron with sulphur in a sealed tube at 4(X)°-6{)0°; and 
M. Beithelot obtained similar crystals by dissolving in iron phosphide. F. Fischer 
•aid that the separation of carbon in the form of the diamond can occur only bdow 
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TOO”, otherwise it appears as graphite. In H. Moissaii’s experiments, the iron 
containing the carbon in soln. had already solidified so that the carbon could 
separate only in the form of tiny crystals. Larger diamonds would probably 
be produced if a substance in which carbon is readily soluble were still molten 
at 700°. 

0. A. Parsons heated a carbon crucible containing iron in an electric furnace, 
and quickly transferred it to a compression machine, where it was subjected, while 
still molten and during cooling, to a press, of 11,200 atm. Less crystals were 
obtained than if the crucible had been cooled in water, although the press, of 11,200 
atm. must have been greatly in excess of that of the spheroidal mass of iron in H. Mois- 
san’s experiment. He inferred that press, per se is not a necessary condition for 
the production of the diamond in the cooling soln. of carbon in iron. On the other 
hand, W. Crookes detected diamonds in the carbonaceous residue obtained when 
cordite is exploded in closed steel cylinders where th<‘, press, is estimated to be. as high 
as 8000 atm. and the temp, over 4000° ; and Q. Majorana heated amoriAous carbon 
in an apparatus arranged to produce a press, of 5000 atm. by the explosioit of gun¬ 
powder, and obtained some diamonds. C. A. Parsons concluded that the diamonds 
in H. hloissan’s experiment are formed at about 690°, and that they are derived 
from the occluded gases of which carbon monoxide is the most important. When the 
melted mass is slowly cooled no diamonds are produced because the occluded gases 
escape, but with almost instantaneous cooling, the gases arc retained, and diamonds 
are formed. He believed that high pressures, except in so far as they are developed 
during the cooling of the melt, and within it, arc not essential to success. It is further 
suggested that carbides like, carborundum are first formed, and that the actual 
reaction is between the carbide, iron, sulphur, and carbon monoxide. , , , 

According to A. Rossel, and C. Friedel, small diamonds were found m hard steels 
which had been produced at high temp., and cooled under great press. L. Franck 
also claimed to have isolated diamonds from hardened steel. B. Neumann obtaineil 
no diamonds from slowly cooled iron, but graphite, carborundum, and corundum 
crystals were present. According to A. Ludwig, diamond crystals are formed when 
an electric current is passed through an iron spiral embedded m powdered gas carbon 
and surrounded by an atm. of hydrogen under gr^t press. Ihc same «“»- 

tion occurs in the absence of iron, but a much higher temp, is required. H. Hoyer- 
mann observed the production of diamond by reducing a mixture of iron 
sugar charcoal by means of aluminium. A mixture of iron oxide, sugar 
lithia and aluminium gave very good results. The crystals are separated from the 
iron as in H. Moissan’s process. No diamonds were obtained with alloys of titanium 
and iron, calcium, barium, and manganese; but diamonds were obtained f'-J'" 
titanium alloys. M. Houdard obtained diamonds and graphite by fusing manganese ^ 

Bulphi^^wth (»m^d Jo have made diamonds by the following process: 

Pure alumina d^Iv^ In 

and charcoal wee added to the contained by weight rather more 

^v ^irn was subjected to the action of carbon dioxide gae at a red heat. 

The claim has not been established. F. Gobel stated tjat^me diamonds 

in the carbon formed when carbon dioxide is decompose<m a 

metals— sodium calcium, magnesium, alumimum, iron, and siUMn an 

R, T Simmler ascribed the action to the dissolution of carbon t^e metaUt a 1^ 

temp, and press., and its subsequent separation as diamond. C. Dodter has 

p“btemed diamonds by heating carbon rods enib^ded 
■idleged diamonrla in blast-furuace slags to be aTumma crystals. J. Fnediandei 
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dissolved graphite in olivine, (Mg,Fe) 28 i 04 , fused in the oxy-hydrogen dame, or in the 
electric furnace. R. von Hasslinger also obtained diamonds from soln. of amorphous 
carbon in artificial magnesium silicate magma; and in conjunction with J, Wolf, 
the most favourable composition of the magmas was studied. 

Many guesses have been made in the attempt to explain how diamonds have 
been formed in nature. In one set of hypotheses, the diamond is considered to be 
of organic origin and formed at temp, relatively low ; in another set of hypotheses, 
the mineral is supposed to have been formed at relatively a high temp., and 
possibly also a high press. Thus, D. Brewster* supposed that the diamond is a 
vegetable secretion like gum. Modifications of this hypothesis were suggested by 
H. R. Goppert, J. Murray, R. Jameson, A. Petzholdt, F. Wohler, J. D. Dana, etc. 
G. Wilson, and J. A. R. Smit also assumed that diamonds are of organic origin. 
R. T. Simmler supposed that diamonds are obtained by the crystallization of 
carbon from liquid carbon dioxide, because inclusions of this liquid are found in 
the crystals ; but C. Doelter could find no evidence of the alleged solubility of the 
diamond in that menstruum. From analogous reasons, C. Friedel inferred that the 
temp, could not have been above the critical temp, of carbon dioxide. E. Lionnet 
supposed diamonds have been formed by the slow decomposition of carbon disul¬ 
phide; A. E. B. deChancourtois, and D. Rossi, bythe incomplete oxidation of hydro¬ 
carbons in the same way that sulphur is derived from hydrogen sulphide. J. von 
Liebig assumed that the diamond is formed as the end-term of a successive series of 
reactions in which the hydrocarbons are de-hydrogenized and polymerized. 
M. Berthelot has said : 

The action of an elevated temp, on benzene is to form a succeseive aeries of hydrocarbons 
richer and richer in carbon, leas and leas volatile, and with a higher and higher mol. wt. 
Cairbon is not comparable to a real elementary aubstance, but it can bo better likpned to a 
very condensed hydrocarbon, poor in hydrogen, and posseaaing a very high eq. Carbon 
itself represents a limiting state which can bo attained only with diMeuIty and at the highest 
temp. As known to us, le carbone egt It ttrme txtrhnt dta comlenaatitma moUculaireat that is, 
of a state tw far removed as possible from that of the element carbon, brought into the state 
of Mn ga$ parfait comparable with hydrogen. This explains why carbon is never liberated 
in a natural state in low temp, reactions, and in this respect it differs from hydrogen and most 
of the chemical elements. 

A. B. Griffiths suggested that carbon possibly dissolves in water at a high temp, 
and press., and separates in crystals with a fall of temp, and press. F. Gobel sup¬ 
posed that the diamonds have been formed by the action of metals like calcium, 
alumipium, magnesium, iron, etc., on calcium carbonate. M. Parrot believed that 
the diamond is of volcanic origin, and is produced by the fusion of carbon at a high 
temp, foljowed by a sudden cooling of the liquid ; C. C. von Leonhard assumed 
that sublimation, not fusion, occurred; and J. F. L. Hausmann suggested that a 
flux has promoted the action. A. Favre inferred that because many of the minerals 
which accompany the diamond can be formed artificially from chlorides at a high 
tomp., the diamond has been formed by the decomposition of carbon tetrachloride. 

The discussion on the synthesis of diamonds—««fe supra —by the crystallization 
of carbon from its sbln. in fused siUcate magmas, and the character of the material 
which accompanies diamonds, makes it very probable that the diamond has been 
formed in nature by an analogous process. In the South African mines, for example, 
the diamonds occur in ar neai,volcanic pipes embedded in a decomposed rock which 
E. Cohen * described as jifridotitic tufia or breccia. H. C. Lewis ascribed the origin 
of the diamonds to the solvent action of the molten peridotitic magma upon the 
carbonaceous shales as suggested by E. J. Dunn. In some cases, however, these 
shales are absent. In support of this hypothesis, W. Luzi showed that at about 
1770°, molten blue earth is a solvent of diamonds, and the carbon in soln. in the 
molten magma might just as well have come from below upwards as have been formed 
1^ the attack on carbonaceous matter near the surface.’ T. G. Bonney, C. F. Wil- 
liuns, D. Draper and W. H. Goodchild, E. Cohen, A. L. du Toit, and G. S. Costor- 
pfaine have discussed the hypothesis that eologite is the matrix from which the Cape 
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foMd separated. G. F. Kuna and H. 8. Washington, and H. D. Bfiset 

associated with pcridotitic rock. H. 8. Hstger said 
»“desitic lava; and H. Mersnsky, 
Madr^*°n*’ 4 ® M. Chaper found diamonds in the pegmatite of Bellary, 

rnifo !„ ’ i n ^‘'“"aer in the hydromicaceous schists and itacolu- 

rlli? f? I- ®- I*- *0 f'e e'lromito of 

0 ft. w*’i i T’m ■ 'a **'e hornblende diabase of Invercll, Now 

south Wales; and J. A. Thompson, and L. A. Cotton, in the dolerite of Copeton, New 
South Wales. Hence it is concluded that diamonds are formed by the orystal- 
muon of carbon from its solution in fused magmas of different kinds. Many 
others have written on the genesis of natural diamonds. 
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§ 6. The Genesis ol Graphite 

AUw dennoch bleiht nooh^Nstor unsere Lehrmeisterin.—F. A. Qdksstkdt (1877). 

Q, Bose 1 showed that a diamond bedded in charcoal at the temp, of molten oast 
iron, becomes coated with a film of graphite; while V. A. Jacquelain, and M. la Rosa 
found that the diamond passes into graphite when heated in the electric arc; and, 
added H. L. Kseau and L. Foucault, P. Fouqu4 and A. M. Levy, and H. Moissan, 
at a high enough temp, all the different modifications of carbon pass into ^phite. 

^The grapHtisation of the diamonds and of carbon has been discussed by W. Mey, 
C. B^et, W. Crookes, A. Bettendorff, J. Rudolphs and J. E&rden, etc. N. G. Sef- 
Btrfim noted the formation of graphite scales in earbon crucibles which had been 
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heated for some time. J. N. Bring and W. Fielding ahowed that at 2000° boron 
acceleratea the conversion of carbon to graphite. H. Moiaaan examined the snblimed 
carbon which collects on the positive electrode of the electric arc, and the distilled 
carbon obtained by heating a carbon tube about 2 cms. in diameter in a powerful 
arc furnace. The interior of the tube soon filled with a very light deposit produced 
by the condensation of carbon vap. Carbon vapour condensed on a cold or on a 
hot surface furnishes, in all cases, graphite. * Hence, when carbon vapour rrtums io 
the 0 <^id Hale it always appears as graphite. W. Luzi obtained well-defined hexagonal 
plates of graphite by htating carbon in a silicate magma (finely-ground alkali glass, 

and fluorspar). . ,. , . j 

Graphite is formed when carbon is dissolved in a metal at a high temp., and the 
metal is allowed to cool. Much of the carbon separates in the form of graphite 
as the soln. cools. Thus, carbon which separates from soln, in cast iron, appears as 
tabular crystals possessing a metallic lustre; or from iron, iron silicate slags, or 
iron alloys which have been melted in contact with carbon. This subject has 
been discussed by G. Charpy, B. Osann, R. von Wagner, P. SchafhSiitl, C. (. von 

Leonhard, etc. . . i ai \ 

Graphite is obtained by dissolving carbon m a molten iiietnl, the carhon 
separating as graphite when another clement is added. Thus, H. Moissan found 
, the displacement of graphite from cast iron is favoured by silicon, and boron. He 
further showed that 

(it At ordinary press., the graphite is purer the higher the temp, of formation ; (iij I he 
hiaher the temp, of formation, the more the grapliite resists the action of 
ootassium chlorate ; (iii) Under the influence of press., the crystals and m^ of R™ph'^ 
ha™ the aDTOwance of a fused substance; (iv) The small quantity of hydrogen, always 
found ^ gSphites, diminishes as their purity increases; and (v) ““X”* 

hydrogen and oxygon are formed by the action of acids on cast iron ; these com^unds are 
not de^mposed at a dull rod heat, but, like graphite, are destroyed on combustion. 

J W Dobereiner obtained the crystals of graphite by heating a mixture of iron 
filings manganese oxide, and soot; and M. Houdard by melting mangaiiese sulidiidc 
with carbon* H. St. C. Deville passed carbon tetrachloride over molten cast iron, the 
gas decomposed, the iron dissolved the separated carbon, and, on cooling, furnished 

hexagonalVtt'sofgraphite. Heobtainedonlyamorphouscarbonwhenusingsodium, 

zinc, and afuminium in place of iron. H. Moissan found that f 

carbon at a high temp, and gives graphite crystals on cooling. M. B"***;^ 
only amorphous carbon from molten manganese but if the temp, be ^‘8^ 
crvltl of graphite are formed. Silver, even at its b.p. dissolves but 1>«I« “ 
Af silver slowlv cooled in the electric furnace are covered with a 
film°of*graphite. He found that a number of molten metals were able to*diMolve 
” k mve it no again as graphite when the metals cooled-for instance, 

rireonkr vanadium, molybdenul tungsten, uranium, chromium, nickel, silicon, 
S platinum, iridium, and palladium. The 
hTdissoWng out the metal with aqua regia, or other suitable acid. K. lokibe touim 
that the optical properties of the graphite and the so-called femper corten from 
ctst iron are the Lm^e, so’that the latter is really very finely divided graphite. 
ftraDhit-e ia formed by the decomposition of carbides at a high temp. ^ » 

the yield ’?f ®Xn to grephite, and it is assumed that the carbide acts 
bereqmredtoconvermec^A^^^^ decompo«Ki tato 

catal^ioaUy. amorphous carbon re-forming aMrW&, 

SrSSS- W Borchers confirmed the«i results in 1897 ; he sani 

1 ^ . t „ —«.t,i« aT ontarinff into a chemical combination with catjwsi, 
mo^or’iS*^ t a cotton to farther the cry.taUix.tlpn 4 c«bo»- 
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I name eapeoially boron, eilioon, titanium, aircomum, vanadiuin, aluminium, cerite melala, 
olmomiumrmolybdenum, tungsten, uranium, manganese, iron, nickel, etc.; it appears to me, 
however, that it is not thoroughly determined that combination of oarbon, in the fom of 
gases and vap., with hydrogen, oxygen, sulphur, etc., can also bring about crystalliaation. 

Observations on this subject were made by F. A. J. Fitzgerald, K. lokibc, 
H. Ditz, 0. Milhlhauser, E. Pietrusky, T. F. Bailey, etc. A. Frank obtained graphite 
by heating the carbides of the alkaline earth metals, etc., in a stream of carbon di¬ 
oxide or monoxide, the halogens, or hydrogen halides, nitrogen, phosphorus, arsenic, 
hydrogen sulphide, ammonia, arsine, phosphine, organic ■ halides, sulphides, or 
nitrides. A. Romele and B. Rassow found small quantities of graphite remaining 
after the decomposition of calcium cyanamide by water, and itappearedto have been 
formed in the reaction between calcium carbide and nitrogen. 

B. L. Griiner obtained graphite in the reduction of ferruginous minerals by carbon 
monoxide, and M. Jungck, likewise, nickel ores. M. Berthelot showed that graphite 
may bo formed when carbon separates from its combinations with the halogens, 
sulphur, boron, and possibly oxygen. According to R. Schonck'and W. Heller, 
E. Baur, and A. Smite, the carbon derived from carbon dioxide is finely divided 
graphite. M. Berthelot also obtained a mixture of graphite and amorphous carbon 
by the action of phosphorus on sodium carbonate; or by passing ethyl iodide or 
carbon disulphide through a red-hot tube. 6. Dragendorff also studied the libera¬ 
tion of carbon by the action of phosphorus on sodium carbonate; and G. Gore, by * 
the action of phosphorus, arsenic, or antimony on potassium cyanide. H. R. Ellis 
found that in the action of powdered magnesium on the carbonates of ammonium, 
calcium, magnesium, strontium, barium, and cadmium, or on carbon dioxide, some 
graphite always accompanies the carbon which is formed. E. Lionnet decomposed 
carbon disulphide by a couple—the so-called J. Smithson’s pile—formed by wrapping 
a sheet of tin-foil about one of gold-leaf, and obtained a deposit of crystalline carbon 
(graphite). 

Q. Rousseau obtained graphite and diamonds by passing acetylene through 
the electric arc. F. .T. Bergmann made graphite by heating acetylene with hydrogen 
dioxide to 150" under 5 atm. press., C2H2-fH202-»2C+2H20. Acetylene de¬ 
composes at about 780": 02H2-»2C-|-H2, and the carbon is in the graphitic state: 
and H. Erdmann and P. Kdthner showed that in the presence of finely divided 
copper, the decomposition temp, is reduced to 400"-500". H. Erdmann noted the 
formation of graphite erystals in the process of making amido-derivatives of naphtha¬ 
lene when the hydroxyl-derivatives and ammonia are heated in an iron autoelave 
at 290"-3()0". Aceording to P. and L. Schtttzenberger, when pure and dry cyanogen 
is passed through a porcelain tube at a cherry-red heat, it is only partially decom¬ 
posed, mi even at a bright-red heat the decomposition is very limited, the interior 
of the tube being covered with a thin, brilliant, blackish-grey coating, with a sub- 
metallic lustre resembling that of polished graphite. If, however, there is placed in 
the hot part of the tube some gas carbon with powdered cryolite sprinkled over the 
surface, the cyanogen decomposes completely into carbon and nitrogen, even at a 
cherry-red heat. The oarbon separates in a bulky mass of very slender filaments, 
and, after .a time, chokes up the tube. Those portions in contact with the walls of 
the tube are more compact and somewhat elastic. The carbon is friable, and leaves on 
paper a mark resembling that made by graphite, but not so bright. When a piece 
of aluminium was plac^ aldhg with the gas-carbon, the carbon separated round it 
in non-elastic filaments, which could be compressed between the fingers into a mass 
resembling graphite. The filamentous carbon obtained by the decomposition 
of cyanogen is not identical with any of the established forms of graphite or carbon, 
and may be taken as a new modification. R. von Wagner also stated that the black 
azulmio acid obtained by the slow decomposition of hydrocyanic acid contains some 
graphite. H. N. Warren said that if induction sparks are passed between platinum 
electrodes in coal gas, graphite is formed. A. Roedel described the extraction of 
graphite from gas-carbon. P. Pauli found that in the evaporation of the waste- 
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liquors in the preparation of soda, the cyanogen compounds are converted into 
ammonia and graphite. The reactions were discussed by J. Stingl, and W. Thal- 
heim. The preparation of graphite was described by E. Ryschkewitseb, and 
K. P. Gregarovitch; and V. Kohlschuttcr and A. Nageli studied tlio depositiun of 
graphitic carbon, 2C0=C+C02, in cobalt, nickel, iron, and silver. K. A. Hof¬ 
mann and C. Rochling found a hard, lustrous, crystalline form of carbon was 
deposited when the flanie of some of the aliphatic hydrocarbons comes in contact 
with chemically inert surfaces at a temp, exceeding 6.')0''. A steel surface, probably 
owing to the intermediate formation of metallic carbides, gives only a deposit of 
graphitic carbon, whilst flames of burning benzene and naphthalene gave only 
amorphous, sooty carbon, or, at higher temp., graphitic carbon. The vitreous form 
of carbon has a sp. gr. at 2‘07, is very pure (C—99'06 per cent., H--t)'48 j>er 
cent.), and has a low electrical conductivity (Jth to ,\th of that of feingalese graphite, 
and ,(rdto jth of that of Acheson graphite). It is also very hard-that prepared at 
900° having a hardness equal to that of quartz, that at 1100° having a hardness 
equal to that of topaz, whilst that prepared at 1300° is harder than carborunduni. 
it is considered to be a form intermediate between graphite and diamond, and ita 
X-ray spectrum shows characteristic lines of both these forms. 

The problems connected with our views as to the genesis of graphite in nature 
have not been solved except with reference to particular districts. Its occurrenoe 
in meteorites shows that it is not necessarily of organic origin. The various methods 
of synthesizing graphite-i>t* supra-show that it could be formed by contact 
metamorphism. T. S. Hunt ^ assumed : ^ 

The graphite of bedded rocks lias been (ormed by the alteration of coal and simile 
matters,temp, below redness ; while its subsequent translation into ‘1}^ ‘ j 

deposition m a crystaUine form, together with various other minerals, has 
under conditions which, although imperfectly understood, probably mcluded aq. soln. 
at a temp, not far below redness. 

J S Newberry showed that the trap dykes of the Sonora coalfield (South Mexico) 
have'ev'erywhere metamorphosed the coal into anthracite, and in extreme cases into 
oraphite ^ L. Jaezewsky supposes the Siberian mineral to have been formed by the 
traMformation of coaly matter in eruptive magmas. M Dicrsche supposed 
is formed by the infiltration of liquid hydrocarbons am their 
hot lava. It is doubtful if the formation of graphite by the action of ‘he van. of 
Lbou disulphide, carbon tetrachloride, etc., on heated iron has any 
portance, though possibly the conditions might occasionally be • 

Wcam^ emanations contain these gases. E. Weinschenk assumed that metelhc 

carbonyls might yield graphite by their ‘•’“'V^nvIaMivfrar 

thlt nature produces tLse gases. H. I Jensen postulates ‘y>"> 

into waphitl J- Walther believed that the Cingalese graphite was formed by the 

decomposition of carbonaceous gases rising from 

The mechanical separation of graphite from the ore is eneciea oy a y 

treatment with hydrochlonc acm, s^^ to 2 or 3 per cent. J. Stiad foied 
^SntWum carbonate, Z treated the washed product trtl aqua 
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regitii wid hydrofluoric acid. Gebr. Beasel mixed the graphite with one to ten per 
cent, of animal or vegetable fat, ethereal oils, resinous matter, petroleum, paraffin, 
benzene, fusel oil, or ozokerite. The mixture was heated with water until boiling 
began. The graphite rises to the surface of the liquid, and can be sldmm^ oi; 
the gangue remains at the bottom. They have also devised some modifications of' 
the process. B. B. Kirby, H. Putz, J. D. Darling, M. F. R. Glognet, C. Winkler, 
and F. Gottschalk, also modified the process. A. Lang objected to the use of molten 
alkali hydroxides in the purification because of the possibility of changes in 
composition. W. Luzi recommended the following process: 

The ore is moistened with cone, nitric acid and then heated. During heating the mass 
swells considerably in developing peculiar wormlike forms. These forms are chemically 
unaltered graphite, but in consequence of their fine, delicate structure they are extraordi* 
narUy light in weight, so that by washing in water they remain afloat and are carried away, 
while the constituents of the gangue, which have been completely separated from the 
graphite by the swelling up of the latter, sink to the bottom by continu^ agitation of the 
mass. It appears that graphite, according to this method, can be purified quickly and 
cheaply; because first, the graphite is not powdered before being moistened with nitric 
acid, nor is it mechanically cleaned ; and secondly, the mass is heated immediately after 
moistening; and further, the swelling is instantaneous. The washing process aftenvards 
takes little time, while little of the nitric acid is lost, as the proc^ is performed in closed 
retorts. It is noteworthy that the graphite obtained by this method is plastic, in a very 
high degree, so tliat it can be pressed with ease into plates, etc. 

H. lo Chatelier and S. Wologdine treated the graphite with fuming nitric acid; 
then fused the washed and dried mass with potassium hydroxide for 30 minutes at 
a darlfred heat; the washed product was boiled with hydrochloric acid, sp. gr. 1*12; 
and finally washed with water and dried at a dull red heat. H. Langbein heated 
the graphite first with sulphuric acid; and treated the washed product with sodium 
hydroxide. According to B. C. Brodie, graphite is conveniently purified on a small 
scale by the following process: 

The roughly powdered graphite, freed as much as possible from its impurities, is mixed 
with one-fourteenth part o? its weight of chlorate of potash, lliis mixture is placed in an 
iron vessel; oonc. sulphuric acid (sp. gr. 1*8) of double the weight of the graphite is 
added and the whole thoroughly stirred and heated in a water-bath, imtil no more gases 
escape ; after cooling, the mass is put into water and thoroughly washed. The dry graphite 
is then exposed in a crucible to a red heat; it sN^ elts up considerably and is converted into 
an exceedingly fine powder. In order to clean the graphite thoroughly, the powder is then 
subjected to washing and settling in water. If the graphite contains silicates and is to 
made applicable to the manufacture of pencils, it is necessary to add a little sodium 
fluoriiie to the mixture of sulphuric acid, chlorate of potasli and graphite ; the silicic acid 
escapes then as fluoride of silicon. According to F. Gottschalk, if the graphite is heated with 
a mixture of sulphiuric acid and an oxidizing agent it is liable to become oxidized. 

• 

J. Lowe, and 0. G. Pritchard have modified the process somewhat as follows; 

Eighteen parts by xceight of graphite, one part by weight of chlorate of potash are treated 
with 38 porta of sulphuric acid (sp. gr. 1*8). The whole is gently heatM until no more 
chlorine escapes, the surplus of sulphuric acid is poured off, and a small quantity of sodium 
fluoride is added to the graphite paste. Finally tho mass is thoroughly washed and tho 
graphite exposed to a rod heat, when it forms a r^ spongy mai^. 

• 

J. B. A. Dumaa and J. S. Stas heated the material with potassium hydroxide; washed 
with water; boiled vath aq^a regia; washed with water and passed chlorine over 
the white-hot material. "The product is thus freed from iron, silicon, and hydrogen. 

O. L. Erdmann and R. F. Marchand found a sample with 0'5 per cent, of silica after 
this treatment* J. L. Gay Lussac digested the graphite with nitric acid, and 

P. Schafh&utl, with hydrofluoric acid. H. V. Reguault heated the finely powdered 
graphite with equal parts of sulphur and sodium carbonate until the blue flame of 
sulphur hiCd diuppeared; washed the cold mass with water; with dil. hydro- 
.chlorio acid; with a dil. soln. of ammonium chloride; then boiled with soda- 
lye ; washed with water; and calcined in a covered crucible. H. Langheinrioh, 
and the Graphite works at Kiopfmfihl purified gqiphite by heating a mixture of 
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mW tob^ubiimeH° *]j« impurities combined with the graphite are 

“luecrSed k T P' ‘he Proportion 

the flotetio^l^L^ “ Ciross oEtained good twalU with 

the flotation method for separating native graphite from gsngue. 


Rbfshencbs. 


w! h;w L U. m. m* -. R. Schenckin.! 


12 218 lOOfi ’ *"• J^'fibrocAeM., 12. 122, imw; R. Sehenok, .6., 

r!’f 'i;®*, i 5' ?""* ReUin*. (.W ««■„ 96. IW, 1901) ■ H "i .a’...„ ‘ 

(3) ’ll m®®r’ ‘ d""' - (’!■ 3- 300.1«»« i «»«. *«■. Chim., 

1909 • V Flwi 5“;”.,^^'““’ 9 '3«»; M- I* -r"". PV(t. (1). 30. 3119, 

miiiArani H ika rochet, Paria, 197, 1882; 0. Street, 
*. «23, 1895: H. Erdmann, LiMft Ann., 247. 307, 1888 A. ReL” am 
139, 1920; K. lokibe. Science. Hep. Tohoku Vniv., 9. 276, 
Pwi, *''• “*"»■ **• ‘3’ '398; A. llotUnuiorlt, Are*. 

IT w ih'®*’ Chem. Newt, 74. 39,1890 ; H. R. KIlia, ih.. 98. 309, 1908; 

?' 90 i "ism"’ f ’^A *i®t’ ‘*®I K'^ii ’*'■• 23’ 256, 1871; J. Stiiigl, it., 27. 204, 1873 ; Her., 
ftooio * }So ® i' V a Harden, Oeman Pat., D.P.P. 1230t>2, hKK); A. Roedel, ih., 

Wdld, 189fi; K J. Bergmaon, it., 96427, 1897; A Frank, ifi., 112416, 1899; 174846, 1904: 
^etl. an^w. Chem., 18. 1733, 1906; R. von Wagner. Polyt. CeiUr., 1221. 1870; B. Onann, 

Honath, »6., 26. 1249, 1906 ; C. C. von Igconhard, Neue« Jahrb. Min., 
398,1866 ; P. hchafhauti, Joum. prakt. Chem., (1), 76.267,1859 ; W. Luzi, Btr.. 24, 4086,1891; 
N. G. Soistrom, Pogg. Ann., 16. 168, 1829 ; J. W. Dobereiner, aSVAM'ettwer’tf Journ., 16. 97, 1816 : 
M. Houdard, Compt. Htnd., 143. 1230, 1906; G. Rouasoau, ih., 117. 164, 1893; K.Jaionnet. 
w., 63. 213,1866 ; P. and L. SchiitzenbiTger, ib.. 111. 774, 1890 ; K. L. Gruner, i6., 78. 28, 1871 ; 
G. Charpy, tb., 148. 1767, 1909; G.-Rose, Sitzber. Akad. IV«/», 516, 1872; Pm- A»n., 147. 
407, 1873; M. Jungck, Zeit. awjl. Cheni., 15. 290, 1876; W. Hon*her«. ZtU. EUlr<Khfm., 8. 
393, 1897 ; E. G. Achesun. U.S. Pat. Nos. 642982, 1895 ; 668323, 1896 ; 646286, IJKM); Joun. 
Amer. Chem. Soc., 23. 66, 1901: Journ. Franklin Inst., 147. 476, 1899; 164. 376, 1907 ; 
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T. S. Hunt, Rep. Otol. Sur. Canada, 222,1806; Canadian NaturaOst, 2. 120,1866; E. Wcln^henk, 
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§ 7. The Prepaiaiioii of Amorphons Carbon 

The terra amorphous carbon ia applied to a comparatively large variety of 
carbonaceous substances which are not regarded as diamond or graphite. Though' 
originally intended to imply that these varieties of carbon are nou-crystalJine, the 
terra w now used for classification purposes without reference to the crystalline 
character. The term embraces such substances as soot or lampblack, gas carbon, 
wood charcoal, bone-black, and coke. The various coals are sometimes also included 
in the term amorphous carbon, although these substances might more accurately 
be regarded as hydrocarbons, and their study more fittingly belongs to organic 
^ chemistry. Ainorphous carbon usually contains a small proportion of hydrogen and, 
maybe, a certain proportion of earthy matter usually regarded as ash. Amorphous 
carbon is formed in a great variety of ways, which may be arranged in two groups : 
(1) Metathetical reactions and reactions in which carbon is displaced from com¬ 
bination with other elements; (2) Reactions in which carbon is separated during the 
thermal decomposition of a carbon compound, a reaction sometimes facilitated by air. 
Of course, these pyrogenetic processes represent but special modes of formation which 
could be included in the first group. In some cases what appears to be a mixture 
of amorphous carbon and graphite is obtained by the solvent action of various 
agents on metals in which carbon or carbides have been dissolved— vide graphite. 

{\) The ff>nnalion of atnoTphou.H curhon hy a reaction with other chc7Hical agents.— 
H. Moissan i found that when fuming sulphuric acid acts on starch at 200“ for 24 hrs., 
a black substance is obtained which can be purified by washing with cold water, 
alcohol, and ether. The product appears to contain a humic acid analogous to that 
obtained by M. Berthelot and G. Andr^ by the action of hydrochloric acid on sugar. 
H. Moissan regards the homogeneous powder as nn produil dc transjorniatio^i, nn 
aeheminement vers Velement carbone. After heating it to 400“, it contained; Ash, 
2*64; carbon, 79*69 ; and hydrogen, 2*29 per cent. If sugar be similarly treated, 
and heated,'much of the hydrogen compounds arc destroyed and its analysis fur¬ 
nished : Ash, 4*26 ; carbon, 88*21; and hydrogen, 0*75 per cent. Some combined 
sulphur is also^ present. H. Moissan found anthracene reacts vigorously with a 
sat. soln. of ferric chloride at contained in a flask fitted with a reflux condenser. 
After 24 hrs,, a dark brown substance is formed which becomes black on drying. 
The product was washed with hydrochloric acid, boiling water, benzene, alcohol, 
and other. It contained : Ash, 21*29 ; carbon, 62*17 ; and hydrogen, 0*91 per cent. 
The ash contained much ferric oxide, and was not homogeneous ; it contained some 
acicular crystals of hexachlorobeuzcnc. The amorphous carbon so obtained is very 
impure; H. Moissan called it un compose^ carhoni^ de transition. * 

S. Porcher passed carbon tetrachloride over a layer of heated sodium and 
obtained carbon quite^f^e ffom hydrogen. C. Despretz, using a copper anode 
and platinum cathode, passed an electric current through an alcoholic soln. 
of carbon tetrachloride for six months; a brown film of carbon was 
deposited on the cathode. He also passed a feeble electric current for two 
months through acidulated water using a carbon anode and platinum cathode. 
The black pathode deposit showed no signs of crystallization. H. Moissan 
investigated the ^tion of a voltaic couple of aluminium and platinum on hydro- 
ofirbons and various organic compounds, but in most cases no decomposition 
occurred. H. Moissan got very impure products by the action of light or heat on 
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Mrhn tetraiodide. An amorphous powder was obtained by the action of J. Smith- 
son s empU a. piree of tin wrapped round with gold-leaf-^on a soln. of the tetraiodidc 
m caroon ^sulphide, during four years; a similar product was obtained by the 
tk dust. After washing with water, alcohol, benieiie, and finally alcohol, 

ine light amorphous black powder contained a little sine oxide. Sodium, silver, and 
lead, under similar conditions, reduced the tetraiodide to the lower iodide without 
the separation of carbon; with magnesium, brown amorphous carbon slowly 
separates and floats on the liquid. After washing as indicat«l above, the product 
contains traces of iodine and magnesium. When the meUl is covered with a layer 
of carbon, further action ceases. These varieties hold water very tenaciously, and 
if dehydrated by heat, the carbon probably polymerizes. M. Berthelot obtained 
amorphous carbon by washing the product obtained by the slow oxidation of copper 
acelylide at ordinary temp. 

According to H. Moissan, amorphous carbon is obtained when carbon dioxide is 
reduced by a heated metal—e.g. the alkali metals, calcium, etc.—he found that if with 
calcium the heat is applied slowly, carbon and calcium oxide together with a little 
calcium carbide, are formed, but if the heat is applied quickly calcium carbide and 
oxide are produced. He also found that at a dull red heat boron burns in dry carbon 
dioxide. When the porous cylinder which remains is treated with water, amorphous 
carbon is obtained. Traces of boron can be removed by the passage of chlorine 
at a dull red heat, and washing the product with water. An analysis gave: Ash, 
0'96 ; carbon, 86T6 ; water, 1270 per cent. The Aktiebolaget Graacn claimed to 
have made pure carbon by the action of iron on-carbon monoxide under press. 

J. P. Wibaut found that carboiyirepared by passing carbon monoxide over iron oxide 
in a porcelain tube at 450°-470° was always contaminated with much iron oxide, 
and all attempts to eliminate this impurity were unsuccessful. V. Kohlschiitter and 
A. Nageli investigated the carbon obtained by jiassing carbon monoxide, heated 
to 500’, over powdered nickel, cobalt, and iron, L. Gruner, R. Schenck and co¬ 
workers, A. Smits, and 0. Boudouard also studied this reaction-t-ide infra. 

G. Tammann observed that by the action of mercury vap. on carbon tetrachloride 
at 600°-700°, mercurous chloride is formed and carbon is deposited. Under high 
press., 900 to 2760 kilo.s. per sq. cm., the reaction starts at about 400" and is 
accompanied by a fall in press. Carbon tetrabromide and tetraiodide react 
similarly. The carbon so formed retains tenaciously 7-10 per cent, of any 
water present, after heating at 600“ in a stream of nitrogen. The density of the 
carbon so obtained is high, 2-32 from carbon tetrachloride, 2-51 from-th(> bitra- 
bromide, and 2-37 from the tetraiodide, whilst that of graphite is 21-2’3. Carbon ’ 
obtained similarly from hexachlorocthane had (Z---2']6, that from hexachlorqbenzcne 
2'46 to 2 22, and from carbon disulphide, 2 38. It appears that carbon formed by 
reactions not involving the formation pf water has a higher density than that which 
is formed with water. On keeping, this dense form of carbon absorbs much water, 
and, when it is again dried, its density is found to have diminished. A. Franck 
obtained amorphous carbon by the action of carbon monoxide or dioxide, or mixtures 
containing these gases, on-acetylene in a heated tube, or exposed to electric sparks ; 
jJjHj-f CO-»3C-1-H20 ; and in place of acetylene the carbides of the alkaUno earths 
or other metals, at 200“-250° : CaCjd CO-^CaO-f 3C. He also exploded mixtures 
of carbon monoxide and acetylene under press, excqpding 4 atm. According to 
M. Berthelot, amorphous carbon is formed when various hydfbearbons are decomposed 
by chlorine or iodine; and H. Moissan obtained a similar result by treating various 
metal carbides with the halogens or hydrogen halides. G. Gore obtained a deposit 
of carbon on the cathode during the electrolysis of a molten mixture of sodium 
hydroxide, silica, and anhydrous alkali carbrnaie ; carbon was also obtained by 
reducing molten alkali carbonate with aluminium ; T. L. Phipson, and If. Winkler 
used magnesium with the carbonates of the alkalies or alkaUne earths. U. Qore* 
found that arsenic or antimony is ineffective. He also showed that a mixture of 
amorphous carbon and graphite was formed by the action of sodium, phosphoma, 



748 INOBGANIC AND THIOBETICAI CHEMI8TBY 

anenic, or antimonj on molten potaisium cyanide. W. A. Bone and J. C. Cain 
obtain^ carbon by explodlpg a mixture of cyanogen and hydrogen with inaufficaent 
oxygen for complete combustion. 

The amorphous carbon obtained by reactions at a low temp, is more or less 
• impure; a small proportion of the reducing agent is nearly always present, and.is 
not removed by treatment with the solvents applicable under ordinary conditions. 
H. Moissan said that the product of the action of magnesium on carbon tetraiodide 
was the purest he had obtained. Hydrogen also is retained so very tenaciously that 

M. Borthelot inclined to the belief that the products are true hydrides. Water, 
hydrogen, and hydrocarbons cannot be removed except by raising the temp., but, 
added H. Moissan, pour chaeser ces impuretes, ilfaut h chauffer, e'est-d-dire le pdy- 
meriter. Hence, the varieties of amorphous carbon prepared at an elevated temp, 
are said to be more or less polymerized, and mote resistant to chemical action. 
W. A. Both and H. Wallasch found it to be impossible to prepare pure, amorphous, 
gnd thermally well -defined, carbon. 

(2) The formation of amorphous carbon by the pyrogenetic decomposition, or 
incomplete combustion of organic compounds, —H. St. C. Deville stated that amor¬ 
phous carbon is produced when carbon monoxide is heated to redness, or exposed 
to the action of electric sparks; but R. Sohenck and W. Heller said the product 
is finely divided graphite— q.v. M. Berthclot found carbon monoxide is reduced to 
carbon by iron and manganese minerals. The carbon obtained by T. Sidot by . 
passing carbon disulphide through a red-hot tube is probably graphitic. H. Moissan 
obtained amorphous carbon by the pyrogenetic decomposition of carbon fluoride 
at a dull red heat. M. Berthelot observed that,cyanogen is decomposed into 
amorphous carbon and nitrogen by a stream of electric sparks. P. and L. Schiit- 
zenberger also studied this reaction. 0. L. Erdmann and R. F. Marchand, and 

M. Berthelot obtained carbon by passing the vap. of volatile organic compounds— 
e.g. hydrocarbons, fats, oils, alcohol, ether, etc.—through a white-hot porcelain tube. 
H. von Wartenberg obtained carbon by the action of heat, at 500°, on methane: 
CH 4 V^C-|- 2 H 2 . Various hydrocarbons and coal gas act in the same way as shown by 
J. L. Gay Lussac, W. Luzi, I. Szarvsky, H. Colquhoun, E. W. Brayley, M. Berthelot, 

N. G. Sefstrbm, etc. In 1826, H. Colquhoun noted the formation of gas carbon or 
charbon de cornuc in gas retorts by the decomposition of hydrocarbons derived from 
the coal. V. A. Jacquelain found 2'7 per cent, of ash in a sample of gas carbon. 
According to M. Constant and H. P^labon, a form of carbon wool is sometimes met 
with,in the upper portions of recuperative coke-ovens, especially at the aperture 

’ for the exit of the hot gases. The formation of filamentous carbon is probably 
due to ^e decomposition of heavy hydrocarbon vap. by heat. 

The carbon wool consieU chiefly of grey cylindrical threads with glazed surfaces, soms- 
tunea showing a series of expansions, and occasionally bearing bundles of much finer black 
threads. The average length of the threads is 6 cms., even attaining 8 cms., the diameter 
varies tom 0'03 to 0'15 mm., the black threads being perhaps only 0 002 ram. When 
heated in dry oxygen, combustion begins at 685° and is complete, only 0’4 per cent, of 
ash being found. A mixture of nitrio acid and potassium chlorate oxidizes the carbon to 
graphitic acid; and it is therefore graphite. 

O. Gore found that the action of red-hot ferric oxide on coal gas is attended by thT 
separation of carbon ^ silver fluoride and chloride, and lead and cupric chlorides act 
similarly, but cadmiummhloSde remains unchanged. 

Most organic matter when heated out of contact with the atm.—the so-called dry 
distillation—is decomposed and a residue, mote or less carbonaceous, remains. The « 
product always contains a certain amount of hydrogen, which becomes smaller as the 
temp, is raised. M. Berthelot ‘ believes that carbon per se is the limiting state of a 
series of h;^drocarbon8, and that many of the so-called varieties of amorphous carbon 
•are really members of the series of extremelycondensed carbides which are very stable 
at high temp. L. Punier’s carbopitrocine with 96 to 97 per cent, of carbon is another 
memto of the aeries of pyrogenetic hydrocarbons. N. K. Chaney has repotted 
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* V b.p. 360“. c»n be isolated from charcoal 

r^= ?*“ ^ ^ i ““‘i H- B- H"“ed showed that heating charcoal to 

1200 in vacuo docs not suffice to produce a gas-free carbon. 0. L. Erdmann and 
k' ^ ^*™**^'' could not remove hydrogen and oxygen from charcoal at a 

Wulb6 Il6ftv. 


When purified sugar is slowly heated much bubbhng occurs, and a voluminous 
residue—supor charcoof—is obtained. The product should leave little or no ash. 
According to 0. L. Erdmann and R. F. Marchaud, after heating white hot, the 
product still contains 0 6 per cent, of hydrogen and 3'1 per cent, of oxygen; and 
after 3 hrs. heating in a blast fiame, it contains 0*2 per cent, of hydrogen and 
0*6 per cent, of oxygen. In order to get rid of hydrogen from the different varieties 
of carbon, J. B, A. Dumas and J. S. Stas, H. V. Regnault, and H. Moissan recom¬ 
mended passing chlorine for 4 or 5 hrs. over the carbon at a red heat (or 1000“). 
M. Berthelot and P. Petit followed this treatment by digesting the product with 
hydrochloric and then with hydrofluoric acid, and washing with water. 

In the preparation of the so-called activated charo^ or aclive cliarmil, for 
use as an absorbent in gas-masks, etc., a porous charcoal is prepared at a low temp., 
850“-900°; and the adsorbed hydrocarbons are-removed. The iirocess of manu¬ 
facturing active carbon has been described by F. M. Dorsey, N. K. Chaney, 
A. B. Lamb and co-workers, S. Hiller and L. A. Clarke, L. le W. Hsmon and 
T. H. Byrom, J. N. A. Sauer, A. Zelnecyck, M. T. Saunders, W. L. Jorilan, N. Suzuki, 
A. B. Ray, J. C. Philip and co-workers, K. Scheringa, F. H. Carr, E. 0. R. Ardagh, 

J. E. Teeple and P. Mahler, E. R. Sutcliffe, S. C. Morrell, R. A. Demme, F. Bonnett, 
0. Ruff and co-workers, V. F. Gloag, etc. The general method of priwetlurc is 
to heat thin layers of charcoal, screened to 14’s mesh, between 350“ and 4.50° in 
a rapid stream of air with the object of breaking down the hydrocarbons 
of high b.p. into more volatile substances which are removed at a low temp. 
The hydrocarbons are oxidized rapidly and the carbon slowly. A current of 
steam between 800° and 1000“ has the same effect. If the primary carbon is 
heated to a high temp., more or less graphitization occurs, and the product 
is not activated by the subsequent treatment. The material is charged into 
retorts in thin layers to prevent as much as possible contact between the 
hydrocarbon vap. and hot charcoal. A slight suction is maintained in the retort, 
and most of the hydrocarbons arc removed before a dangerous temp, is reached. 
F. E. Bartell and E. J. Miller have described the preparation of activated sugar, 
charcoal by charring sugar in a large platinum dish ; afterwards heating it to low 
redness to drive off the greater part of the volatile matter; and then heating the * 
material, reduced to granules the size of wheat kernels, for 24 hrs. in silica tubes 
at 100°. V. Lenhcr and F. M. Dorsey purified carbonized material by treatifig it with, 
selenium oxychloride, washing with garbon tetrachloride, and heating to volatilize 
the last-named solvent. 

The apparent sp. gr. of primary and purified charcoal from some different sources 
were determined by A. B. Lamb and co-workers. The following is a selection: 
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The last three varieties in the Ust were briquetted before charring. The gas adsorp¬ 
tion quaUties were at the same time so much improved that N. K. Chaney argu^ 
that the so-called amorphous carbon exists in two forms, active or a-carbon, and 
inactive or p-carbon. He said the active form is readily attacked by otidiaing 
agents, while the inactive form resembles graphite in its stability towards oxidising 
agents! There is, however, no satisfactory evidence that the so-called inmstiv* 
carbon b anything different from mote or less graphitized carbon. According to 
N. K. Chaney, the active form results when the oarboniiation occurs bdo# 800*, 
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and the inactive form above that temp. There is, however, no sharp temp, of 
demarcation, and no transition temp, has been observed. Inactive carbon is also 
formed by the decomposition of hydrocarbons. Acetylene below 300° may give 
active carbon, and above that temp, inactive carbon. 

« Wood charcoal.“-When wood is heated to a high temp, in a closed vessel, much 
gas and vap. are evolved, and wood charcoal remains. D. Avery obtained what he 
called a very pure form of charcoal from cocoanut shell. This was strongly heated 
in closed clay crucibles for some hours, then boiled with nitric acid for 5 or 6 brs., 
and washed thoroughly till the runnings were nearly free from acid—the washing 
taking several days. It was then dried in the air, crushed and sieved, collecting the 
particles between 1 and 3 ram. diameter. These were dried first in a desiccator over 
strong sulphuric acid, then over phosphorus pentoxide, and finally heated to redness 
in a closed platinum crucible and cooled in a desiccator over phosphorus pentoxide. 
The crucible was heated in a mufile in an oxidizing atm. to avoid the possibility of 
absorption of hydrogen or other reducing gases from the furnace. The amount of 
ash in the product was 0‘23 per cent., and its hydrogen content was 0'28 per cent. 
Industrially, wood charcoal is prepared by the incomplete combustion of wood in 

a limited supply of air. 
In outline, the process of 
manufacturing ^ charcoal 
is as follows: 

Logs or billets of wood 
aro loosely piled into vertical 
heaps and covered with sods 
and turf to prevent the free 
access of air. .4 shaft is left 
in the middle of the pile to 
act 08 a central chimney or 
flue; and smaller holes aro 
left round the bottom to 
admit tlie air. 'I'he pile so 
prepared is called a charcoal 
pit or me Her. There are 
several systems of setting or 
piling the logs; one is illus¬ 
trated by the sketches, Figs. 
0 and 7. In Sweden, rect¬ 
angular piles aro used, and the wood is placed horizontally and transversely. Tho wood is 
lighted by brushwood at tho centre, and just suflicient air to allow the wood to smoulder 
is pa^ed through the pile. The volatile matter escapes, and in about fifteen days tho fire 
dies out. Botwoen 80 and 00 per cent, of wood, on the average, is lost by combustion, 
and the lemaining 10 to 20 per cent, is wood charcoal; the process can be used satis¬ 
factorily oidy where wood is cheap and abundant because the method is uncertain and 
wasteful. The process is still employed in a few places in Europe. 

Some valuable gaseous and li(|uid products are lost in making pit charcoal. 
In modern processes, the wood is heated in ovens, kilns, or retorts, sealed from the 
outside air and kiln, slave, or rrlort charcoal results. The operation may be con- 
duoted simply for charcoal without recovering the by-products, or the operation 
may be conducted somewhat similarly to .the process used for the manufacture of 
coal gas. The produ^jts of the dry distillation of wood include : solid charcoal in 
the retort; liquids—wood tJr {Stockholm tar from pine wood); water containing 
wood spirit; pyroiu/neovs acid, that is, impure acetic acid; acetone and fatty 
oils; and wood-gas—containing hydrogen, carbon dioxide, carbon monoxide, 
methane, acetylene, etc. The wood gas is used for illuminating purposes only when 
the temp, of dietiilation has been very high. The products are approximately: 
charcoal, 28'3; methyl alcohol, 0-8; acetic acid, 10; tar, 4 0; water, 45'9; wood 
^as, 23 per cent. The charcoal in the retort retains the form of the wood from which 
it was prepared.. Kiln charcoal is more compact than the pit charcoal—in the former 
case the charcoal weighs 20 lbs. per bushel, apd in the latter case, 16 lbs. per bushel. 
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The yield of charcoal is about 81 per cent, by volume, 28 per cent, by weight. 
H. Violette recommended carbonizing the wood by superheated steam. 

Coke. —Coke is an industrial fuel obtained ns a residue in the dry distillation of 
coal, i.e. by heating coal in a closed vessel out of contact with air. The coal shoiiUl 
contain sufficient bituminous matters to cement it into masses at a certain temp. . 
Coke generally contains between 85 and 90 per cent, of carbon. Coke is used in 
the manufacture of iron and steel, and in a great many metallurgical oiK'rations 
where its comparative freedom from sulphur and certain other impurities render 
it more suitable than coal. Coal may bo converted into coke by heating it in closed 
vessels—gas, tar, and ammonia are obtained as by-products; or if coal gas is being 
manufactured, coke, tar. and ammonia arc the by-proiluct.s. 'Ihe pro|iertiea of 
coke depend upon the nature of the coal from which it is obtained, and upon the 
way the coal is “ coked.” The main varieties are: (i) so/I coAr -porous, black, and 
brittle; it ignites with difficulty, and is luscd for smith’s forges, idc.; (ii) hard cokr--- 
dark grey in colour, with bright lustre, compact, and with metallic ring when struck, 
bears great press, without crushing, and is used for furnace work and metallurgical 
operations generally. Coke may or may not be prepared under conditioius where the 
by-products are recovered. Coke has been made in four ways; (i) in heaps or meilers, 
(ii) in gas retorts; (iii) in 
beehive ovens; and (iv) in 
by-products ovens. Pro¬ 
cess (i) is so wasteful that 
it is obsolete. Commer¬ 
cially, spent wine must 
and yeast, vine twigs, vine 
wood, grape husks, fruit 
stones, spent hops, oil-cake, 
nut-shells, chestnuts, and 
various kinds of wood are 
carbonized or charred to 
furnish the so-called cathon- 
blachs used by painters 
under various names—like 
Frankfurt black, Spanish- 
black, vine-black, drop-black, 
de vigne, etc. The 
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of a Meiler shortly after it bos been lightotl. 


shales. 

wasteful. The ovens are bpilt “ ® 4 or 5 toii of coke. The air for burning 

Each oven cokes about 7 ! ,| and the gases escape tlirough the top fli» 

a; hi.a a. 

u then are horiaontal ebambors built aide by aide in 

Coking *n retorU .—The ^nne ia discharging when the other is hall 

of 22 to 60. The "t"' rSe^'^f “ exit left for the es?ai» of the volatile ^ucU 

coked. The retorts are clos^ ®?^^ifS,ion are passed through condensers, and the ga^ 
of distillation The ^Ve “•* ’lilt's 

are returned to 1» burnt m the hort^ a „p the an—secon^ ^r-- 

which the waste heat from the In shout 48 hrs., the coke it 

which is employed ^ a ramTand is at once quenched with wa^. The 
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thooretioAl. The by*produote ere recovered. Die coke is black, hard, oonipact, and 
without metallic lustre. There are numerous varieties of by-product coke-ovens. 

In nature, there are cases where igneous rocks have intruded bituminous coal 
seams, and transformed the coal into a kind of natUTal cohs sometimes called curbonits. 
It resembles artificial coke but usually contains more volatile matter, and is more 
compact.* 

^ne or animal charooal. —This is made by heating bones, bone-cuttings, 
blood, etc., in closed retorts. The bones may or may not have been subjected to 
a preliminary extraction with naphtha or benzene to remove the fat —degreased 
bones; or with superheated steam or water to remove gelatine (glue)—<%elo(t»tze(J 
bones. The products of the distillation include : solid bone charcoal in the retort; 
liquid—a number of ammonium salts, bone oil, bone pitch, pyridine, etc.; and 
gases of various kinds. The manufacturing processes have been described by 
B. E. R. and J. A. B. Newlands,^ T. Lambert, 0. Cordel, W. Friedberg, eto. The 
hotter quality of bone-black is considered to be that prepared by processes in which 
the volatile products arc entirely disregarded. J. Filter made animal-black from 
leather-waste. Bone charcoal contains only about 10 per cent, of carbon, so that 
it is questionable if it ought to be included with the varieties of carbon at all. 
T. Lambert gives the following analyses of two chars—the first one is considered 
good, the second one bad: 


0 

Ca,(P0,), 

Mga(P 04 )j 

CaCOj 

CaSOg 

CsS 

FejOa 

Alkaline salte 

SiO, 

10-76 

73-60 

6-08 

8*69 

0-06 

0-03 

0-16 

0*44 

0-29 

6-83 

70-39 ' 

8-47 

10-92 

0-78 

0-46 

0-63 

0-49 

10-3 


The carbon is very finely divided and disseminated through a porous mass of about 
80 per cent, of calcium and magnesium phosphates, and it seems to have specially 
valuable qualities. N. Grager purified animal charcoal by grinding the product with 
4 to 5 per cent, of a soln. of sodium carbonate, then with water, then with 
hydrochloric acid, and finally with water. Processes have also been indicated by 
G. Banfi, 6. Hoppe, M. Takahashi, C. Thumb, H. Eisfeld, G. Kriegar, etc. Bones 
furnish hone-Woei—sometimes called ivory black—the term, ivory black is also 
applied to the product obtained by digesting bone-black with hydrochloric acid 
to remove the calcium phosphates; very little of the ivory black of commerce is 
made from ivory cuttings. The carbon blacks of vegetable or animal origin, 
after treatment with dil. acid, also furnish the so-called Paris black used as a pigment. 
Blood furnishes blood charcoal. For the uses of bone-black and animal charcoal, 
vide infra. , There are many trade-names for the decolorizing bone-blacks : norite, 
• darco,* supchar, kelp-char, carbrox, bone-char, etc. C. H. Hall considers that the 
active decolorizing agent in bone-black is a mixture of nitrogenous decomposition 
products'of bone-cartilage, etc., with the empirical formula C 25 H 2 oN 40 e: these 
products ate insoluble in alcohol, ether, benzene, and chloroform, but soluble in aq. 
ammonia, cone, sulphuric acid, and cone, hydrochloric acid. Soln. in the two last- 
named acids are precipitated by adding water. T. L. Patterson has described 
analogous compounds. F. E. Bartell and B. J. Miller, andl*. M. Horton doubted 
if nitrogenous substances are the active agent. 0. Ruff .said that the activity of 
charcoal is due to the atoms and atom-groups of foreign materials bound to the 
surface of the charcoal. These atoms are the cause of the specific property of active 
charcoal, and they are characterized by the firmness of their linking to the carbon 
atoms on the surface. Dthef atoms can easily attach themselves to the surface, 
but these are readily replaced by others, and are not firmly bound. With every 
change in the nature of the surface of the cbaKoal, the absorptive properties are 
markedly changed. 

—When hydrocarbons like wax, fat, coal gas, turpentine, tar, 
petroleum, acetylene, etc., are burnt in a limited supply of air, carbon seems to be 
^ last element to oxidize, and if the flame be suddenly cooled, by bringing a cold 
surface in contact with it, much of the carbon is deposited unburnt. The air supply 
can be arranged so that the maximum amount of smoke is developed in the comons- 
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tion of the hydrocarbon. The smoke can be collected as soot, the so-eaUed lamp- 
black, or noir de fum^e, in chambers hung with sacking. The soot which collects 
on the surface of the “blankets” isscraped or shaken off from time to time. The old 
and primitive arrangement illustrated % J. B. A. Dumas’ ^ diagram, Fig. 8, indicates 
the general principles of the process: 


Hie apparatus oonsista of a cylindrical brick chamber ton or fffteen foot in diameter 
provided with a conical roof which has a small opening near ite auflloiently large to 
mftlntftin a slight draught and which oausen the smoke to asi^nd toward the upper part of 
the chamber. A cone of sheet iron hangs within the cylinder, and this too lias a small 
hole at the top to allow the gases to escape. At the side and base of the chamber there is 
a kind of furnace, above the ^ of which ia. placed a pan containing resuious or fatty matton, 
which are heated to a point sufficient to Convert them into vap. Hits vap. Uien undergoes 
sufficient combtistion to deprive it of its hydrogen, while most of the carlxin remains uncou* 
sumed. Hie smoke ascends into the chamber 
Mid is ra<»t!y deposited upon the hanging canvas 
or sacking which covers the walls and upon tho 
inner surface of the iron cone, from which it falls 
after a certain thickness has been collected. 

Hie cone is so held by a chain and pulley that 
it may be raised or lowered, which operation 
scraps the lampblack off the sacking. The 
lampblack thus prepared is not piu^ carbon, 
as it is mingled with resinous and bituminous 
substances, together with ammoniacal and other 
matters. By heating it to full redness in retorts 
which are air-tight, nearly all these impurities 
are iiven off and an almost pure, impalpable 
black powder remains. 

The yield ia only about 20 or 30 per 
cent., but the product obtained by tliis 
uneconomical process is fairly good. The 
important point is to keep down the temp, 
of the flame, for if the temp, be high, the 
product becomes hard and floury, with 
poor binding qualities. A great many im- 
provements have been introduced to render 
it more efficient. The methods of burning 
the hydrocarbons, devices lor cooling the 

flame, and the arrangements for collecting„ „ . , ... , 

the soot have been improved by Wegclin, F. Meiscr, .1. Machtolf; etc. 
B. Thalwitzer burnt mixtures of benzene and od-gas; A. Geiitbe, naphthalene, 
H. Oishi camphor; C. 8. Bradley, methane ; G. Wegelin tar ; and H. Bdrger and 
F Wirth acetylene or other hydrocarbons with triple-bonded 
B 0 Nekl G rCabot, B, Irvine, B. H. Brownlee and B. H, Ublmger, and 
o4ot have’described the preparation of lampblack from burrung natural gas. One 
process is conducted as follows; 

1 rinir at burners ia mounted below a caaf iron diac, with a groove on the rim ““vex 
in auoh a way that the fUmo from each burner ia divided into two 
downwards, m a the groove, and away via the hollow ah^t which ro**^ 

tho metal, in contact with the burning g^, cold. 

™ th^ u^e M theAiao revolvoa, an automatic aoraperlemwee the .ta 

diac The lampblack talla into a hopper and la oonve^ by elaborate 
g^toe^' taVpound ta the powder, aifted, and weighed into 

H Moisaan prepared lampblack from petroleum oil at a dull red heat. It wn- 
uin^ aTfl-Ib; carbon, 87-49; and hydrogen, 2-76 per cent. Itwa,pnBfl^by 
™S^ivrwMhings with benzenti, alcohol, and ether so as to r^v« hy*<^i^. 
T^^wdeTw^ then dried in air and afterwards in an oven aU50». It eo«^T 
^h.^28; carbon, 93-03; and hydm^en, 112 per cent. The hydrogen comes 
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partly {torn water and partly from hydrocarbons. H. Braconnot gave for the 
analyw of lampblack; 

p (NHPjSO, KjSO, CaSO, (Ca.Fej^PO,), KCI SIO, H,0 

79-1 0-3 0-4 0-8 0'3 trace 0-6 8-0 

together with resinous matters, 5'3; bituminous matters, 1-7; and ulmine, 0'5 
per cent. Amorphous carbon is obtained by burning acetylene at the end of a 
glass tube 6 mm. in diameter, and surrounding the flame by a hollow copper cylinder 
3 cms. in diameter and cooled by a stream of cold water. The amorphous carbon 
obtained by M. Berthclot by decomposing acetylene with a detonator of fulminating 
mercury contained: ash, 7’87 ; carbon, 92’48; hydrogen, 0‘40 per cent.; and 
H. Moissan added ce carbone amorphe est un 'des pins purs quo nous ayotis kudUs. 
H. H. LPwry studied the relation between the hydrogen content of charcoals and 
some of their properties—sp. gr., porosity, oxidizability, etc. 

In addition to the ordinary process of producing lampblack by the incomplete 
combustion of hydrocarbons, etc., with a limited supply of air, processes have been 
devised which are based on the decomposition of gases and liquids by explosion or 
by electrical processes. Thus, F. Morani exploded a mixture of acetylene and air 
under press., the temp, of the explosion is higher than that obtained in the ordinary 
combustion processes; and, in order to keep down the temp., he recommended 
mixing the acetylene with an exothermal gas bke methane, ethane, etc. G. Wegelin 
tried to utilize the heat developed in the explosion of acetylene to run a combustion 
engine. L. J. E. Hubon produced acelykne black, or noir d’ackyUne by exploding 
acetylene in a closed vessel by an incandescent tube, or wire, or by electricity. 
J. Machtolf decomposed the hydrocarbon gases by electric sparks, or by a fulminating 
mercury detonator. A. Schncller and W. J. Wisse decomposed 
gaseous, liquid, or solid hydrocarbons by high tension sparks— 
10,000 to 40,000 volts. 

B. Thicme described an electrical process in which the carbon 
is separated directly from the flame itself; this has the effect of 
cooling the flame and at the same time increasing the yield of 
soot. The principle of the process is illustrated by Fig. 9. If 
two poles of a source of electricity at about 15 volts be intro¬ 
duced close together in a candle-flame a deposit of soot is formed 
at the negative pole, and the deposit grows in the direction of 
the course of the gases. In the technical process, soot-is simi¬ 
larly precipitated from the flame, and the apparatus is so 
arranged that a constant supply of fresh soot is formed at its 
surface: this prevents the lampblack when once formed from 
being impaired by the heat. The precipitation is rapid, so that it is not long 
exposed to the influence of the flame. The product is said to be very fine in 
texture and specially suited for making printer’s ink. The manufacture of carbon 
black has also been-described by R. 0. Neal and G. 8. J. Perrott, G. 8. J. Perrott 
and R. Thiessen, L. P. Hawley, etc. . 

T. 8vedberg « prepared colloidal carbon as an isobutyl-alcosol by his electrical 
process (I. 23, 10). H. Freundlich, and W, R, Whitney and A. 8traw obtained 
suspensions of carbon in soln. of hydroxides, and in picric acid. Mixtures were 
made with lampblaokf^d water, and with 0 0004, 0 0006, 0 001, 0 002, 0'004, and 
0'006N-aoln. of sodium hydroxide. The maximum stability of the suspension 
was obtained with the cone, approximating OOOlN-NaOH. According to 
L. Thorne, carbon sols may be prepared by anodic disintegration, by chemical 
oxidation, and by the decomposition of organic compound. A stable carbon sol 
may be pr^ared by the electrolysis of a soln, of ammonia for 6 hrs. between carbon 
electrodes with an anode current density of 0-6-1 •-2 amp. per sq. cm. and a voltage 
7>f 220. After filtering, the soln. had an ammonia cone.- of 0-146N and gave a soUd 
residue of 0'034 g. per 100 c.o. The residue is insoluble in water,-but is peptized 






cikmm 


& |t^Bce of a t^e of anuDoma; tho ezoeas of ammoaia may be removed 
by bouM, and the >ol is then more stable than the original sol, which on dialylit 
V flocculated when the ammonia oono. falls to O’OSHa. Ihe ammonia-free sol 
ik d*p yack in layers greater than 1 cm. thick and brown in thinner layers, and is 
:|;*de up of particles of about the same sise as those of metallic soU. The number 
<& millimolB of electrolytes necessary to coagulate 1000 c,c. of the given sol WM 
;teletively^290; ammonium hydroxide, 9000; sodium chloride, 450; barium chloride, 
; and aluminium chloride, 0‘3. Accor^ng to 8. Qoldberg, colloidal carbon, 
free-from electrolytes, migrates towards the ant^e with a velocity about 
IS’SxlO^*—13'5x l0“* cm. per sec. pet volt. Dilution and filtration increase 
the velocity up to about 20 per cent. Acids and bases, irrespective of their 
nature, reduce the. velocity by about the same amount, and at the same time 
change the colour slightly, but the original colour may be restored by neutrali¬ 
sation. Of the salts examined, only those of aluminium have any effect on the 
migratio^ velocity, and these cause an increase to a maximum with 1/500,000 
mols ^minium sulphate, followed by a decrease on further increasing the cone. 
Colloidal ferric hydroxide coagulates colloidal carbon, but if a quantity so small 
isthat no coagulation takes place, then the velocity of migration is reduced 
iDont 20 per cent. 

S. G. Acbeson obtained s' similar preparation of colloidal gnwhito, which he 
called deJlocculUed graphiU, by treating disintegrated graphite with an aq. soln. of 
♦annii i containing from 8 to 6 pet cent, by weight of the graphite treated. The results 
ire m jch more pronounced when the mass of graphite, water, and tannin has been 
)ugg< d or masticated for a considerable time, say one month. While the effect 
s ver K satisfactory with distilled water, the water obtained from rivers, deep wells, 
itc., i i improved by the addition of a trace of ammonia. The presence of carbon 
iioxi le in the water prevents deftocculation. The liquid containing the defiocculated 
jrapnite has an intense black colour, and the grain-size of the particles it much finer 
/han lis possible of attainment by mechanical means. It will pass through ordinary 
llter-Vaper. The addition of a trace of hydrochloric acid causes the graphite to 
locciilate and settle. E. Q. Acheson also suspended the graphite in oil. The twq 
luspOnsions are used as lubricants, and are kpown commercially as oildag and 
iquai^, where the " dag ” is compounded from the first letters of " defiocculated 
Acheron's graphite.” Other tanniferous soln. may be used. 
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§ 8. The Fhysioal Properties of the Different Forms of Carbon 

The clearest and most neatly colourless diamonds without flaws, are most 
prized as diamonds of the first water; i these usually come from India or Brazil. 
The Cape diamonds usually have a very faint yellow colour, and in consequence, 
do not command so high a price. An intense coloration combined with trans¬ 
parency is comparatively rare. The commonest colour is yellow, then follow green, 
red, and blue or violet. The celebrated Hope diamond is blue. C. Doelter attributed 
the coloration to the presence of the oxides of iron, chromium, manganese, and 
titanium, which als inter moleculdre Pigmente vorhanden sind. Hydrocarbons may 
also give rise to a yellowish coloration. According to A. des Cloizcaux, some 
diamonds show a play of colours like the opal. Deep-black diamonds with a brilliant 
liutre come from’ Borneo. There is also le diatnant noir or carbonado. The cloudy 
diamonds of a lead-grey colour are called boart. 

Thin laminas of graphite are opaque. The lustre may be dull and earthy, or 
bright and metallic with intermediate varieties. The colour of dense aggregates 
varies from an iron-black to a lead-grey.2 H. Moissan found that the graphite 
derived from molten platinum is deep grey and paler than that from cast iron. 
H. N. Warren said that graphite from cobalt and nickel is scarcely to be distinguished 
from lampblack; that from iron is in large plates ; that from manganese is in the 
form of brown plates, and 
that from ferromanganese is 
also in brown scales; that 
from chrome iron is paler and 
harder than that from iron; 
and that from chromium re¬ 
sembles silicon. G. Rousseau 
said that the graphite from 
acetylene is in black micro¬ 
scopic plates ; and P. and L. 

Schiitzenberger, that the gra¬ 
phite from cyanogen is a 
greyish - black, voluminous, 
filiform powder. The so-called 
amorphous carbon is an odour¬ 
less, tasteless, voluminous, 
black or brownish - black 
powder which may or may 
not have a lustre. W. G. 

Mixter ^ said that the amor¬ 
phous carbon prepared from 
acetylene is porous and with¬ 
out lustre. T. L. Phipson 
said that that the carbon 
prepared by the action of 
magnesium on sodium carbonate is black and lesembles charcoal. 

According to PUny’s description,^ the crystals of adamas are “ hexangular and 
hexahedral; they are doubly turbinated, running to% point^t both extremities; 
and, marvellous to say, they closely resemble two cones united at the base.” This 
would apply to the crystals of quartz. The crystals of the diamond belong to the 
cubic system, and they are often octahedral in habit. There are rhombic dodeca¬ 
hedral, and hexakis-octahedral forms; the cube with rounded edges is also repre¬ 
sented. Tetrahedral forms are also known. In Fig. 10, A, 0,6, represent selected 
crystals of Brazilian diamonds; and B, D, E, F, selected crystals of South African 
diamonds. Many of the crystals are well-developed on all sides, so that they must 
have grown while freely suspended in some medium; their edges ate not always 



Fig. 10.—Selected Native Crystals of Diamonds. 
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sharPi but are more or less rounded. The rounded octahedral form is exhibited by 
the Victoria diamond. Many octahedra have a groove or furrow in place of the 
octahedral edge. This may be due to some peculiarity in their growth, or it may 
be an effect of twinning. If a supplementary twin of two tetrahedra have their 
projecting corners truncated by faces of the inverse tetrahedron, the twin crystal 
will have the appearance of an octahedron with grooved edges. Twinned crystals 
are flattened parallel to the twin-plane of an octahedral face as in magnetite. 
Twinned rhombic dodecahedra ate often lenticular. J. R. Sutton found that 1 
to 5 per cent, of the diamond crystals of the Kimberley mines are twinned. The 
faces often show special markings; the octahedral faces may have pits triangular 
in outline; and cubic faces, pits square in outline. H. R. Goppert also noted that 
pita with hexagonal outlines are very rare. J. R. Sutton has described over¬ 
growths on the diamond. 

Diamonds also have inclusions and cavities. Gaseous or liquid inclusions, 
observed by D. Brewster, E. Sochting, etc., are not common. H. C. Sorby, and 
G. A. Kenngott found inclusions of different tints. J. B. A. Dumas, and H. Behrens 
observed titanic oxide; A. Damour, topazes; E. Cohen, ferric oxide ; P. Harting, 
pyrites; G. Delafosse, and A. des Cloizeaux, gold; and D. Brewster, G. Rose, 
A. Petzholdt, and C. and G. Friedel, carbonaceous matters. H. R. Goppert imagined 
that he could detect vegetable debris in diamonds, but this has not been confirmed. 
According to B. Regener, the scintillation of the diamond is connected with its 
colour, which in turn is conditioned by impurities. H. Moissan observed carbon 
inclusions in artificial diamonds obtained from a soln. of carbon in iron; and also 


some gold in les diamants noirs obtained from a soln. of carbon in silver. J. R. Sutton 



studied the made formed by 
carbon particles in the middle 
of the crystals; and noted 
inclusions of garnet, ilmenite, 
olivine, pyrite, mica and 
zircon in diamonds. 

W, H. and W. L. Bragg,® 
and A. W. Hull found that 
the X-radiogram of the 
diamond corresponded with 
a lattice with carbon atoms 
arranged on two interpene¬ 
trating face-centred cubic 
lattices. Fig. 11, so that each 
carbon atom of the one is 


surrounded by four carbon atoms belonging to the other; and links can be 
drawn from atom to atom, so that each carbon atom is connected with the four 
carbon atoms which surround it symmetrically in the manner of a tetrahedron. 
Fig. 11. The sides of the elementary cube are 3’63xl(l"® cm., and the diagonal 
6’12 X 10“* cm.. Fig. 12. The o-axis is 2'50 x 1(1"® cm., the e-axis 3'06 x 10~® cm., 
and a; c=l; 1'23. The closest approach of the atoms jn the lattice is l'50x 10"* 
cm. The subject has been studied by P. N. Pease, A. W. Hull, F. Rinne, 
E. Q. Adams, E. Mohr, and M. L. Huggins— vide itrfra, graphite. 

Graphite may ocqpr in gAuular, dense, earthy masses when it is soft and friable. 
It then lacks a definite external crystalline form, and is known as amorphoui, 
eompaot, or earthy graphite. The so-called amorphous graphite was described by 
J. N. von Fuchs, F, von Sandberger, and W. Luzi. H. Moissan in his syntheses 
of graphite, found that some amorphous graphite accompanied the crystalline form; 
and be found that by press., crystals of graphite acquired the appearance of a fused 
or vitreous mass. It also occurs embedded in foliated masses, and micaceous, 
oolumnar, radiated, or fibrous a^egates of imperfect crystals. Each aggregate of 
Italy, lamellar, orfiahy graphite u composed of thin foliated plates of fairly uniform 
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vidth and ranging np to about 10 cm. in length. Foreign matters may be distributed 
through the structure and appear as thin films on the surface of the graphite. Well- 
formed crystals of graphite are rare, and they are nearly always six-sided, tabular, 
and striat^ with indisiunct faces. The best crystals are usually found in meteorites 
and in granular crystalline limestones. R. Jameson, F. Mohs, C. F. Naumann, 
C. Czech, B. Walter, referred to crystalline graphite as rhomboidal graphite; and 
B. J. HaUy said that la forme primitive est un prisme hexaMre regulier. H. Erdmann 
found that the graphite obtained from the naphthalene derivatives furnishes 
hexagonal crystab, and H. Moissan obtained hexagonal plates from the soln. of 
carbon in platinum. Pseudomorphs after pyrite have been reported, and L. Fletcher 
obtained a crystal from the meteorite of Crosby Creek, West Australia, which he 
regarded as a mgdifioation of regular hexagonal graphite, but is more probably a 
pseudomorph of granite to the diamond. A. E. Nordenskjold, 6. A. Suckow, and 
W. B. Clarke regarded the crystab of graphite as monoclinic, and gave for the axial 
ratios a:b: c=0'7069 :1:0'5089, and (3=88° 14'; and P. Groth (1882) calculated 
from C. F. Naumann’s measurements a:b: c=0’5806 :1; 0-5730, and 16'. 
Later, however, P. Groth accepted 6. A. Kenngott’s view that the crystab belong to 
the rhombohedral section of the hexagonal system, and gave for the trigonal crystab 
o : c=l; 1'3859. H. Sjogren, and P. P. Ewald believe that the crystab belong to 
the hexagonal system. P. P. Ewald based his opinion on the X-radiogram, but 
P. Debye and P. Scherrer showed that a mistake had been made. The view that 
the crystab are trigonal is now generally accepted. The difficulty in fixing the 
crystal system arose because of the scarcity of satisfactory samples. For the 
possible exbtence of a polymorphic form of diamond above 1885°, vide supra, the 
action of heat on the diamond. • 

J. Beckenkamp has discussed the space lattice, and M.L. Huggins, N. H. Kolk- 
meijer, P. Debye and P. Scherrer, F. P. Worley, and D. Coster the elMitlonic struoton 
of the diamond molecule. A. Lando assumed that cohesion in crystab depends on 
the electrostatic attractions and repubions between the stationary atomic nuclei, 
and the moving electrons. The effect of homogeneous atoms on one another when 
the electronic motions are executed with equal periods is dependent on orbital 
differences of the electronic motions. Were the phases of the different atoms 
distributed according to probability, the average force between 
two atoms over a period would change by chance from place 
to place, and no regular crystal lattice could result; but 
rather would a structure with changing mol. distances result, 
and the density would be irregularly distributed owing to 
the slow fluctuations in consequence of the alterations of 
phase. Hence, the regular structure of monatomic crystals 
shows that all like atoms have the same phase; or that at every 
instant, not only the atomic nucleus, but also the corresponding 
electrons of all like atoms form a lattice, which oscillates about 
the stationary lattice of the atomic nuclei. A. Land^ further 
showed that in the free state, the real vol. of the carbon 
atom is deformed in a definite manner by the neighbouring 
atoms. H. Thirring also discussed thb subject 
» A. W. Hull, P. Debye, M. L. Huggins, and P. gcherrer 
found the X-radiogram of graphite agreed -with the trigonab*^®.- 
system) and, assuming the sp. gr. 2-2, it.appears that the j^yean™!. Soii- 
graphite mol. contains eight atoms arranged in parallel planes, rer). 
at dbtances 3-41X 10~* cm. apart; W. H. and W. L. Bragg 
gave 3‘42 x 10~® cm.. Fig. 13. The a-axb u 2'62x 10^ cm., the c-axis is 5-11X 10“* 
cm., and o:c=l: 2-03. The nearest approach of the atoms b l-60xl0-^ cm. 
In each plane, the carbon atoms lie at the corners of a regular hexagon so grouped 
that three alternating comers of the hexagon are occupied by carbon atoms in 
the 'plane Oi Kg- then the three other comers would be occupied by the'plane 
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0, Rig. U above; and the centre of the hexagon in p (not occupied) would be 
vertic&Uy beneath one of the corners of the hexagon in Fig. 14. The three 
planes are illustrated bv Fig. 14 for atoms which do not lie one above the other. 
The atoms in the same plane are represented by the same symbol, and those 
in different planes by different symbols. The side of this hexagon has a length 
1’45 X 10~® cm. While the elementary parallele¬ 
piped of the diamond is a cube, that of graphite 
is a rhomboid; the horizontal projections of both 
these bodies are hexagons. If the cube has one 
diagonal placed vertically, and the rhomboid is 
lying on its face, the hexagonal projections are the 
same. Hence, the ratio of the. diagonals of the 
rhomboid to that of the cube should be the same 
as the ratio of the density of graphite to that of 
the diamond. This ratio is 2'2-^3'52=0’62, the 
calculated values for the diagonals is 6'12-^-10'22 
„ . , =0598. The agreement is satisfactory, but would 

be closer if H. Moissan’s value 211 were taken 
m Graphite. for the sp. gr, of graphite. 

In the graphite mol., therefore, each carbon atom is coupled with three others in 
the (11 l)-plane, all at the same distance and relatively eq.; but the distance from the 
fourth carbon atom in the plane (above or below) would be greater, and that coupling 
would be weaker. The weakness of the fourth coupling is shown by the ease with 
which graphite undergoes cleavage. In the diamond however, the mol. is perfectly 
symmetrical, and the four valencies are rigorously the same. While W. H. Bragg 
holds that the layers of atoms in the lattices of graphite and the diamond are puck¬ 
ered, Fig. 15, P. Debye assumes that the layers are fiat. The structure of graphite 
was also studied by M. L. Huggins. According to W. H. Bragg, it is probable that 



the bchzene and naphthalene rings have a concrete 
structure in organic compounds. He said : 

The X radiograms of the diamond show that the atoms 
are probably tied together so that each is at the centre of 
gravity of four others. The distance from centre to centre 
is 1'54 A. 1'he rigidity of the diamond and the open 
character of its structure, imply tliat great force is required 
to alter the orientation of any coupling with respect to 
the other three belonging to the same atom. Were it other¬ 
wise, all atoms would seek to be surrounded by as many 
Fia. i5^~Lattices of Grapliite neighbours as possible; the substance would be close- 
(oontinuous lines), and of packed, and its density would be more than double what 
Diamond (lower continuous The structure of the diamond may also be looked 

and middle dotted lines). consisting of a series of puckered layers parallel to a 

given tetrahedral plane. A sharp blow may cleave the 
diamimd, along one of these layers. If we take a model showing two layers as in 
graphite, lay hold of the upper layer, and move it to the new position shown in Fig. 15; 
the structure is now that of diamond. The bottom and second (dotted) lines of Fig. 16 
diamond as a series of puckered layers parallel t® the perfect cleavage planes, 
wmch lie perpendicular to the four triad axes which emerge from the corners of the 
cube. The structure of graphite is obtained by shifting one of two parallel layers from the 
ptMition of the dotted lines tn.that of the continuous lines. According to A. W. Hull’s 
measurements, the shqftest disuince between each pair of atoms lying in the same layer is 
shortened from P64 A.—-the diamond spacing—to 1*60 A, The Stance between two 
successive layers has been increased by 1*36 A. A carbon atom in one layer is now at equal 
^tances from its throe nearest neighbouie in the next layer, the distance being 3*26 A. 

layer and the next are now greatly weakened; the substance cleaves 
raadily in thin flak^. One layer slides with great ease over the other, though the bonds 
between Jne atoms in layer are at least as strong as l.)efore. When all the bon<b are 
of the strong kind, as is assumed to be the case with the diamond, the substance will be 
hard, and the diamond is the hardest thing known. When the one set of bonds has 
been weakened, the substance is softer, as is assumed to be the case with graphite which is 
psed as a lubricant. Probably its efficiency as such depends both on the weakness of the one 
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set of bonds and the strength of the other. Yet these new bonds aretperfectly dbSnite, end 
the distance between two layers—the distance 3'2SA. between atomio oentree—is a per' 
fectly constant and determinate quantity. If the strong bonds between the atoms m a 
layer remain, and are even drawn a little tighter as occurs when the graphite form replaces 
that of diamond, it seems very reasonable to suppose that the single ring or multiple rings 
which are so clearly to be disting\^hed in the network may be separated out as such without 
loosening the bonds between their component atoms. In fact, these latter bonds might be 
expected to tighten even a little more. 

H. le Chatelier raised the question whether the so-called amorphous carbon is 
really non-crystalline. He said: 

Un corps rdellement amorphous est un corps dans lequel il n'oxiate certainement aucune 
orientation d’aucune propri6t4 physique comme le verre, les liquides ordinairos, les r^ines, 
lea gelatines, etc. Dans le caa du carbone, corps opaque, souvent puivdrulent, nous n'avons 
auQun moyen de donstater la presence ou rabsence d'une orientation cristalline, touts affirma¬ 
tion a ce sujet est une hypothtse puremontgratuite, ddpourvue do toute vaieur scientiflque. 

P. Poch found that the X-radiograms show that carbon derived from cyanogen 
has a more finely crystalline structure than carbon derived from carbon monoxide. 
P. Debye and P. Scherrer, and G. Asahara showed that the X-radiogtams of amor¬ 
phous carbon give the same interference figures as are obtained with graphite, 
and therefore suggest that amorphous carbon differs from graphite only by its 
greater degree of subdivision. Amorphous carbon is graphite in an extremely 
fine state of subdivision which has not broken up the mol. Hence, they conclude 
that the diamond and graphite are the only two known modifications of carbon. 
This view is in harmony with the ideas of P. Groth. P. Poch likewise found the 
carbon obtained by decomposing cyanogen in the electric spark to be crystalline. 
The mol. of amorphous carbon need not contain more than thirty atoms, gnd the 
grouping would be as in graphite—three atoms lying in the same plane symmetri¬ 
cally with a centre (not occupied), and coupled by equal valencies, while the fourth 
atom is vertically above or below that plane and held by a weaker valency. The 
four valencies of carbon are usually considered to be eq., but the existence of 
tcrvalent carbon in triphenylmethyl, C(CeH 5 ) 3 , shows that the four valencies arc 
not strictly eq. P. Debye and P. Scherrer suggest that graphite or amorphous 
carbon forms the prototype of the aromatic compounds characterized by the benzene 
ring or hexagon, while the diamond is the prototype of the aliphatic or fatty acid 
series. J. Beckenkamp studied the space-lattice of graphite, and M. L. Huggins, 
the relation of the space-lattices to the cleavages of graphite and the diamond. 
E. Eyschkcwitsch said: 

The atomic configuratian of graphite is characterized, like that of the mptals, by the 
presence of free electrons which make it a good conductor of heat and electricity antf confer 
on it its metallic lustre. Graphite is a better conductor of electricity than mereury, and 
a better conductor of heat at high temp, than many pure metals; it resembles metals in not 
being soluble without change in any solvents except liquid metals, and it yields positive 
C '"-ion8 in sufficient cone, to be eleotromotively active. 

V. KohlschUtter confirmed P. Debye and P. Scherrer’s view of the similarity 
in the constitution of graphite and amorphous carbon. He showed that the physical 
and chemical properties of graphite vary within such wide limits that no distinct 
line of demarcation can be drawn between grajjhite on the one hand and amorphous 
carbon or soot on the other; and he concluded that all varieties of graphite and 
amorphous carbon are different physical forms of “ffilack cjrbon,” which is to be 
regarded as an allotropic modification of diamond. The properties of different 
samples of graphite depend on the conditioils under which it is produced, and its 
variable character is to be attributed to different degrees of dispersity. V. Kohl- 
schiitter added that graphite owes its peculiar properties to its lamellar structure. 
This type of structure not only accounts for its special physical propertiqg, but also 
for many chemical properties, such as its resistance to oxidation and to reagents, and, 
for the fact that its formation is favoured when free carbon is prodne^ by a surf^e 
reaction. The difference between the densities and heats of combustion of graphite, 
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and amo^honB cai>on is not opposed to the theoiy that thej are essentially the 
same form of carbon. The formation of graphitic acid by the oxidation of graphite, 
but not of amorphous carbon, is due to the peculiar structure of the former and not 
to the existence of a distinct graphite mol. 6. Asahara’s observations on the 
X-radiograras of graphites and amorphous carbons lead to the conclusion that the 
term “ amorphous ” should be replaced by the term “ very minutely crystalline.” 

According to H. Lachs, the ultramicroscopic image of colloidal carbon contains 
a considerable number of very brilliant stationary particles and a smaller number of 
fine particles that show a slight Brownian movement. Scattered through the 
entire field are abo some very brilliant particles which show pronounced scintillations. 
This is due to the shape of the particles. If they are rods or plates the amount of 
light dispersed varies with the orientation of the particle, thus causing sparkling. 
This phenomenon may be considered as a kind of ultramicroscopic anisotropy. 

The cleavage of the diamond is perfectly parallel to the faces of the octahedron; 
and this property enables the diamond cutters to chip away projecting corners 
and inferior parts without the labour of grinding. The fracture is conchoidal. 

B. Scharizer, and G. Wulfl have discussed the cleavage of the diamond from the 
point of view of the X-radiogram. The cleavage of graphite is basal and 
perfect like that of mica, furnishing thin folia. The diamond was the hardest 
substance known to the ancients and it was made the standard, 10, on Mohs’ scale 
of hardness J likewise also on J. R. Rydberg’s scale.® On F. Auerbach’s scale, the 
hardness of the diamond is 2500; corundum, 1150; quartz, 308. The hardness of 
the diamond enables it to scratch the ruby or corundum. Until recently, it was said 
that the diamond would cut all other substances and not be cut by any. H. Moissan 
8howe(^that carbon boride cuts slowly into the diamond, and titanium carbosilicide b 
almost as hard as transparent diamond. Besides carbon boride, the ruby is scratched 
by many carbides, silicides, nitrides, borides, and carbosilicides. A variety of boart 
is stiperior in hardness to the diamond. The so-called anthracitic diamond of 

C. de Douhet is of adamantine hardness. Australian and Bornean stones are 
usually considered hardest. Owing to its hardness, a cut diamond does not show 
any signs of wear. Many fabulous stories about the hardness of the diamond were 
rife duriiig the Middle Ages; these were based on Pliny’s account of the inde¬ 
structibility of the diamond. Pliny said that “ when struck by a hammer, it returns 
the blow shattering both hammer and anvil.” It was said that the hardness could 
be overcome by the use of goat’s blood, especially if the goat had previously drunk 
wine or eaten parsley. These tales were rejected by A. B. de Boot in 1609. The 
brittleness of the diamond is very great, so that in spite of its great hardness, it can 
bo readily p'ulverized by fracture along the cleavage planes; and use is made of this 
quality in the preparation of diamond powder for use in the lapidary. The hardness 
of graphite on Mohs’ scale is 0 5 to I'O; consequently, while the diamond is the 
hardest of the minerals, graphite is one of the softest. G. A. Kenngott mentioned a 
variety as hard as gypsum. It leaves a black mark on paper, and owing to this 
quality it is extensively employed in the manufacture of lead-pencils. Hence the 
Mine ^aphite—vide supra, the history of graphite. F. Monier, and A. V. Rakowsky 
bav6 discussed the hardness of the different kinds of carbon. 

R. Boyle,^in 1690, found the speqifio gravity of the diamond tobe2’965, andin a 
table of sp. gr. he gave the value 3-4. The reported values for sp. gr. range from 3-336 
of V. A. Jacquelain to^. Liveftidge’s 3'6585. The values of E. H. von Baumhauer 
range from 3-5065 to 3-5242, or corrected, 3-60307 at 977 5°, and 3-62063 at 8°/8° 
T** m*^*!!*?^’* average may. be taken as the best representative value; 
U ll^air gave 3-46. Other determinations have been made by L. E. Bivot, 
"tt^tSDoy, W. J. Grailich, A. Schrauf, H. Moissan, Y. Tadokoro, A. 'Wigand, 
F. Feilitzsch, 0. F. Knnz, M. J. Brisson, F. Mohs, 3. 3. Berzelius, A. Schafarik, 
T. Thomson, and E. Donath and J. Mayrhofer. E. Wfilfing found the sp. gr. of 
four higmgrode stones varied from 3-524 to 3-530; and, combining these values with 
tboie of B. H. von Baumhauer, there results 3 520 ± 0 02 at 4°. Impure diamonds 
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sometimes give relatively high values. A. von Schriitter fo6|ld sixteed varieties 
had a sp. gr. ranging from 3'51058 to 3-51947, average 3-61432; and he represented 
the sp. gr. of the diamond at a temp, of B° by 3-51432+0-00065d. H. Fizeau found 
that the sp. gr. attains a minimum value at —38-8°, vide thermal expansion. Values 
for carbonado range from L. E. Rivot’a 3-012 to 3-416; E. H. von Baumhaner’s 
extremes are 31552 and 3-5111, or, corrected, 315135 at 13711-1°, and 3-60652 
at 14°/ll-6° respectively. The values lor boart range from 3 47 to 3 56; E. H. von 
Baumhauer's extremes are 3 5030 to 3-5100, or, corrected, 3 49806 at 14712-6°, 
and 3-60383 at 9°/7-5° respectively. E. Cohen and J. Olie found the sp. gr. of the 
diamond referred to water at 4°, is 3-619 at +163-6°; 3-610 at —38°; and 3 514 
at 18°. T. W. Richards, and E. Peterson gave 3-4 for the at. vol. of diamond carbon. 

Reported values for the sp. gr. of graphite range from C. Mine’s* 1-885 for a 
sample from Terrenoire, to his 2-585 for a sample from Cumberland. There is 
considerable doubt about the higher values for amorphous carbon and the lower 
values for graphite, sinee mixtures of the two forms may be involved. L. Playfair 
gave 2 29 for the best representative value; H. le Chatelier and S. Wologdine gave 
2-255 at 15°/4° for natural graphites after purification and compression ; H. Moissan 
gave 2-11; while 2-2 is often adopted. M. Debeaupuis gave 1-99 to 2-38; and 
C. de Douchet, 1 -66 for what he called anthracitic diamond from Brazil. R. M. Burns 
and G. A. Hulett gave 2-20 for the best representative sp. gr. of pure natural graphite, 
and 2-30 for Acheson-graphite. Graphite produced by the explosion of graphitic 
acid has a sp. gr. 2215. The ordinary graphites showed no “drift” or increase 
in weight with time after immersion in the liquid used in the density determina¬ 
tions. This phenomenon— drift as it is called—was studied by H. E. Cude and 

G. A. Hulett. M. Pirani and W. Fehse found that the sp. gr. of Ceylon graphite 
fell from 2-26 to 2 18 after calcination at 3000°, and they attributed this to the 
loss by volatilization of ferruginous impurities, because the ash obtained with 
graphite calcined to 500° was one per cent., the ash after calcination to 1800° was 
0-66 ; and to 2200°, 0 36; to 2700°, 0 20; and to 3000°, 0 07 per cent. F. Sauer- 
wald made observations on this subject. W. C. Arsem found that after heating 
to 3300°, the sp. gr. of lampblack was 2 07 to 210; of anthracite, 213 to 218; 
retort carbon, 211 to 2 26 ; and the diamond, 1-915. Determinations have also 
been reported by J. N. von Fuchs, J; J. Berzelius, Y. Tadokoro, L. Cellier, 

C. J. B. Karsten, J. C. Poggendorff, G. A. Kcnngott, B. C.JBrodie, J. Lowe, H. V. Reg- 
nault, C. F. Rammclsberg, W. Luzi, H. Moissan, M. Diersche, and A. Wigand. 
E. Cohen and J. Olie gave for the sp. gr. of graphite, referred to water at 4°, 2-223 at 
—163-6°; 2-217 at —38°; and 2-216 at —18°. The at. vol., according to E. Petersen, • 
is 6-3, and, according to T. W. Richards, 5-4. B. Ryschkcwitsch and E. Kfistatmann 
gave 2-232 ±0-0013 at 16° for the sp. gr. of graphite which had been fused. 

The sp. gr. of the so-called amorphous carbon has been determined by numerous 
observers, and values ranging from 1'45 for poplar and vine charcoals by G. Werther * 
to A. Frank’s value 2 0 for acetylene black have been given. W. G. Mixter gave 
1-919 for acetylene black. A. Titoft gave lor cocoanut charcoal 1-860, and 
I. F, Homfray, 1 670. L. Playfair gave 1-87 for the best representative value. 

H. Violette, W. Hallock, W. Luzi, C. Mbne, W. G. Mixter, A. Frank, A. Baudri- 
mont, E. Monier, A. Wigand, L. Playfair, Y. Jadokoro, and F. Bxner have made 
observations on the sp. gr. of amorphous carbon— vide infra, Table VI. H. le Chatelier 
and S. Wologdine gave for lampblack, sugar charco&l, and yood charcoal purified 
by chlorine and pressed, +70 to 1-80. The values for gas carbon range from 1-7 
to 2-6. L. Meyn gave for gas-carbon from different parts of the retOTt the values 
1-723, 1-821, 1-982, 2-056, and 2-566 at 18°. The samples with, the higher values 
were probably mixtures with more or leas graphite. H. E. Cude and G. A. Hulett 
showed that the determination of the sp. gr. of charcoal is cmmplicated by 
a gradual penetration of the liquid into the grains of the solid so that the* 
sp. gr. increases with the time of immersion in the liquid. Thus, the sp. gt. 
of Samples of charcoal after 15 min. immersion in water was 1 -829, and after 119 hrs.’ 
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immersion, 1-854 ; *rith 15 min. immersion in carbon disulphide, 1-915, and after 
362 hrs,’ immersion, 1984; after 15 min. immersion in be^ne, 1-734, and after 
286 hrs.’ immersion, 1-797 ; and after 15 min. immersion in carbon tetrachloride, 
1-596, and after 2856 hrs.’ immersion, 1-647. S. McLean gave 1-48 to 1-58 for the 
sp. gr. of cocoanut charcoal; 1-32-1-36 for lignite carbonized at 350°; at 450°, 
1-45 to 1-47; and at 550°, 1-42 to 147. H. L. Buff estimated that the specific 
volume of bivalent carbon in combination is greater than that of quadrivalent 
carbon. Observations were also made by M. Schalfejeff. For the atomic volume 
of carbon, T. E. Thorpe gave 110, and E. Petersen, 6-7 to 8 0. R. N. Pease 
calculated 0 77 A. for the atomic radii of the atoms in the diamond. T. Graham, 
and A. Zott discussed the porosity, or rather the permeability of graphite to gases. 
Owing to the inaccessibility of the surface to liquids when determining the sp. gr. 
of charcoal, A. W. Williams estimates that the results are low. A specimen with 
an observed sp. vol. of O bi was estimated to have a true sp. vol. of 0 67 c.c. per gram. 
L. Bell and P. R. Bassett believed that they succeeded in disintegrating carbon 
atoms into helium, etc., by using very powerful carbon arcs. The inference was 
based on the spectral observations of the “ negative tongue ” of the arc. 

L. H. Adame to and co-workers gave 018xl0~o for the CompressibiUty, of 
the diamond between 0 and 10,000 megabars press. J. J. Thomson obtained a 
similar value from his theory of the structure of solids. T. W. Richards gives for 
the mean change of volume 0-5 unit between 100 and 500 megabars per megabar 
(0 987 atm.). He found the average compressibility of the diamond to be very 
small, 0-5xl0~* megabars, and for graphite he gave the compressibility 3 0xl0~* 
at 20° between 100 and 500 megabars. L. II. Adams gave 016xl0~® megabars 
for the^compressibility of the diamond, and J. J. Thomson calculated 0-178xl0~® 
from his electron theory. According to W. Spring, graphite agglomerates under 
press., and H. Moissan showed that when prepared under press., the sp. gr. of 
graphite can bo raised to 2 35. K. Forsterling studied the relation between the 
elastic constants and the sp. ht. of the diamond. A. Landd calculated the coni- 
pressibiUty of the diamond from the heat of. sublimation, the mol. vol., and assump¬ 
tion as to the space-lattice. A. W. Williams calculated the attractive pressure in the 
surface film on charcoal to be of the order 10,000 atm., and the internal pressure, 
50,000 atm, J. H. Hildebrand and co-workers discussed this subject. 

H. Fizeau'' found that the coeff. of thermal expansion of the diamond is very 
small, but that it decreases rapidly on a falling temp. He found the coeff. of linear 
expansion, o, at different temp, to be : 

- 38 - 8 " 0 ° 10 ’ 20 ’ 30 ’ 40 ° 50 ’ 

a .. • . 0-0,0000 0 0,0602 0-0,0707 0 0,0867 0-0,0997 0-0,1142 0 0,1288 

He also^ave for the linear coeff. at 40°, O O 5 II 8 ; and for the coeff. of cubical expan¬ 
sion at the same temp., O-O 5354 . He represented the length I at 8°, when the length 
at 0° is lo, by l=lo(H O-O 4662438 -(-O-Oj 7238502 ). W. C. Rontgen gave 0 00000119 
at 40°, for the coefi. of linear expansion. J. Joly also found that if 0 00144 denote 
the length of a diamond at 400°; I the length at a temp. 0°; and 0 00342 and v 
the corresponding volumes. 


(00011t-l)/0-00114 . 
(0-00342-»)/0 00342 . 


680 * . 686 ’ 750 ’ 

000193 0 00266 0 00338 

000679 0 00785 0-01014 


The diamond burnt a^850°. From the marked expansion at 750°, J. Joly concluded 
that the diamond has been formed under press. H. Fizeau gave for the coeff. of 
linear expansion of graphite at 40°, 0-0j786, and at 60°, O-O 5796 ; H. Muraoka gave 
Q-OjM for a sMcjmen of Siberian graphite, and O-O 5 O 96 for a sample of pencil- 
paphite. J. Dewar gave O-O 4244 for the coeff. of thermal expansion of graphite 
between 17° and —190°. H. Fizeau found that coeff. of expansion of anthracite 
, at 40 to be O-O 42078 ; and, at 50°, O-O 4 I 996 ; for coal at 40°, he found O-O 42782 ; 
and at 60°, O-O 428 II. According to J. Monckmann, the rate of expanson of carbon 
increases as the temp, rises to 260°, and then decreases. 
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The thermal conductivity of acetylene lampblack was fou|(l by W. 6. Mixter 
to be high. According to H. Violette, the thermal conductivity of wood- 
charcoal increases with the coking temp. Carbon prepared between 150° and 
300° shows only a feeble conductivity, but as the temp, of production rises, the 
thermal conductivity—C.6.8. units—increases until it attains two-thirds the con¬ 
ductivity of iron. R. Weber gave for the conductivity of gas-carbon, 0 0103 at 0°; 
B. Forbes, O O 3405 below 0° for carbon; C. A. Hansen, 0'162 tor graphite and 
0'0162 for carbon; W. Nusselt, O OslSO for charcoal; H. Hccht, O O 343 for coal 
between 20° and 100°; and F. E. Neumann, OO 3297 . Y. Tadokoro gave 0 00219 for 
the thermal conductivity of graphite; 0 00214 for charcoal; 0 00226 tor coke; and 
0'00099 for coal. The best representative values are taken to be 0 33 for the dia¬ 
mond; 0 0117 for graphite; and 0 000405 for amorphous carbon. J. M. Ordway 
made some observations on the conductivity of charcoal and plumbago; L. Cellier 
found the thermal conductivity of graphite, sp. gr. 1’698, to be 0'701; electric light 
carbon, 0 367 to 0 494 with the sp. gr. 1'467 to 1'567; and gas-retort carbon, 0'400, 
sp. gr. r627. A. Artom, B. Piesch, and H. Muraoka showed that different kinds 
of graphite have different conductivities ; and M. Icole found the thermal conduc¬ 
tivity of graphite at to be K=0 0384—O OiOd-t-O OjOSfl^. S. Wologdine and 
A. L. Queneau studied the conductivity of plumbago or graphite bricks. R. 8. Hut¬ 
ton and J. R. Beard found powdered retort graphite (sieved through a mesh 600 holes 
per sq. cm.) had a conductivity of 0 00040 between 20° and 100°. A graphite 
crucible is said to conduct heat five times better than a clay crucible. H. Sjorgen, 
and E. Jannetas showed that the vertical axis of the crystals is the small axis of the 
isothermal ellipsoids. 

P. A. Favre and J. T. Silbermann found the specific heat of the diamond to be 
0"147 ; H. V. Regnault obtained 014687 between 8° and 98°; P. J. van KSrckhoff, 
0147 ; A. Bettendorff and A. Wullner, 01422 to 01512 ; 0. E. (larbonclli, 0’10415 ; 
A. Wigand, 01128 at 10’7°. F. Marcct and A. A. de la Rive, 01192 at 6° to 15°. 
H. F. Weber found for the sp. ht. of the diamond : 

-r,0ii’ -100' 10'7“ 140’ 24V* WOV* 806'5” »86'0’ 

Sp. ht. . . O'O036 0-0985 0 1128 0-2218 0-3026 0-4408 0-4489 0-4689 

He represented thesp.ht. of the diamond at 6° by 0 0947-(-0-0009946—0 0000003692; 

and he gave for the mean sp. ht. between 0°and9°, 0 0947-}-0-0004979-l-0'000000129^. 
J. Dewar gave for the mean sp. ht. of the diamond between —18° and —78 , 0 0794 ; 
between —78° and —188°, 0 0190; and between —188° and —252 5°, 0 0043. The 
sp. hts. of the diamond at low temp., said J. Dewar, arc less than that of any other^ 
* substance so far observed. Values for the at. ht. of the diamond were computed 
by H. V. Regnault, and by A. Bettendorff and A. Wullner. Collecting th^results 
of W. Nernst and co-workers, F. Koref, G. Ewald, J. Dewar, and H. F. Weber, for 
the atomic heat of the diamond, and applying W. Nernst and F. A. Lindemann’s 
formula ( 1 . 13, 12—Fig. 8), there results : 


r K 

30* 

42* 

02* 

206* 

232* 

284* 

413* 

1160* 

^ (obs.) . 

. 000 

000 

003 

0-62 

0*86 

1-35 

2-66 

6*40 

Cy (calc.) . 

. 0 00 

000 

0*009 

0-62 

0*87 

1-37 

2-65 

6-41 

C’t (calc.) . 

. 0*00 

0-00 

0009 

0-02 

0*87 

1-37 

2-63 

0*19 


P. A. Favre and J. T. Silbermann found the sp. ht. of natural graphite to be 
0-20187 and that of graphite from iron, 0-19702; H.^opp gyve for natural graphite, 
0-174, and forirongraphite, 0-166; H. V. Regnault gave for natural graphite between 
0-1911 and 0-2019, and for iron graphite, 0-1977; and for graphite from tar, 0-1988. 
P. J. van Kerckhoff gave for natural graphite, 0-2000; Y. Tadokoro, 0 203; A. Bet¬ 
tendorff and A. Wullner, 0-1933 to 0-2007, and for iron graphite 0-1952 to 0-1969; 
and H. F. Weber 0-1439 between 0° and 34°; 0-1967 between 0° and .100°; and 
0-1167-f-0 00089, between 0° and 9°; and . 

-50-8* -lo-v; lO-S* 61-8* 188-6* 201-6* 249 8* »77* 641-8* 822* 

Sp; ht. . 0-1138 0-1437 0-1604 0-1990 0-2642 0-2960 0-3250 0-4670 0-4484 0-4839 
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He eleo found foreflaky graphite the values O'lBOB between 0° and 2r6°; 
0-1904 between 0° and 99°; and 0-2350 between 0° and 226-3°. A. Magnus 
gave for the total heat of graphite between 0° and 8°, 0=0-1620d4'3-8886 
X 10-^S2 -2-886 X 10-7d3-f-1 -4718 X 10-i»d<-4-385 X 10-»d*. A. Wigand obtained 
for the sp. ht. of graphite 0'1604 at 10-8°; and W. Sprii^, 0-20212 to 0-20471 
for Cingalese graphite. J. Violle represented the linear increase in the sp. ht. 
of graphite above 1000°, by 0-355 + 0*0006d, between 0° and 8° ; and if 
the b.p. is 3600°, 2600 Cals, are evolved on cooling from that temp, to zero. 

J. Dewar gave for the sp. ht. of graphite between —18° and —78°, 0-1341; * 
between -78° and -188°, 0 0599; and between -188° and 252-5°, 0-0133. 
W. Nernst found the sp, ht. 0 005 at —244°, and 0 027 at —186° for graphite. 

L. Cellier gave for the sp. ht. of graphite 0-3065; for electric light cfrbon, 0-2488 to 
0-2667; and for. gas-retort carbon, 0 2787. H. V. Regnault, H. Kopp, 

J. Monckman, and A. Bettendorff and A. WUllner discussed the at. ht. of graphite. 

H. V. Regnault found the sp. ht. of wood charcoal to be between 0-204 and 
0-242 at 19° to 99°; for bone charcoal, 0 2608; and for gas carbon, 0-2005; J. Marcet 
and A. A. de la Rive gave 01650 for wood charcoal at 6° to 16°; P. A. Favre and 
J. T. Silbermann, 0-24150 for wood charcoal, and 0-20360 lor gas carbon; H. Kopp 
gave 0-185 for gas carbon; P. J. van Kerckhoff, 0-2608; A. Bettendorff and 
A. Wflllner, between 0 2015 and 0 2062 for gas carbon; H. F. Weber, 0 1906 between 
0° and 99°, and 0 2340 between 0° and 225-8° for dense amorphous carbon; and 
0-1935 between 0° and 99-2°, and 0 2385 between 0° and 223-6° for porous wood 
charcoal; and A. Wigand gave 0-2040 between 24° and 68°. Y. Tadokoro gave 
0 217 for charcoal; 0 201 lor coke; and 0-254 lor coal. Observations have also 
been m^de by D. I. MendeWeff, K. Puschl, L. Kunz, and J. E. Pionchon. Further, 

L. Kunz gave for beechwood charcoal: 



435“ 

6or 

728“ 

0*26“ 

1059“ 

1107“ 

1207“ 

Sp. )it. . 

. 0*243 

0-290 

0*328 

0*358 

0*362 

0-378 

0*381 

J. Violle gave 0-355-f-0-00(K)69, and 

[ hence: 






0“ 

KKK)* 

1600“ 

2000“ 

2500“ 

.3000* 

3500“ 

Sp. ht. . 

. 0*365 

0*415 

0*446 

0*476 

0*605 

0-636 

0*666 

Mol. ht. 

. 4*200 

4*980 

6-340 

6*700 

6*060 

0-420 

6*780 


L. Kunz’s results were represented by the formula: sp. ht.=0-2143-l-0-0001436d 
-0-0gl976d3; or the at. ht.=l-64-|-0-0017d. J. Dewar found the value 0 32 between 
20° and 1040°; and 0-42, at the temp, of the oxy-hydrogen blowpipe flame impinging 
,on lime; at 2100°, the sp. ht. approximates 0-5. H. F. Weber stated that the 
sp. ht. pf the different forms of carbon approaches a fixed limiting value as the temp, 
rises; byt this J. Monckman denied, and he stated that the sp. ht. of carbon 
increases fairly regularly up to 250°, but above that temp, falls to one half. 
H. le Chatelier showed that the sp. ht. of gas carbon increases proportionately with 
temp., and that the increase is mote than was observed by H. F. Weber. He repre¬ 
sented the at. ht. between 0° and 260° by l-92-|-0-0077d, and between 250° and 1000° 
by 3-54-1-0-002469. Observations on the at. ht. have been made by H. Kopp, 
A. Magnus, A. Bettendorff and A. WUllner, and 6. Schmidt. G. N. Lewis and 
co-workers found the entropy of diaipond carbon at 25° and one atm. press, to be 
0-6, and that of graphite carbon, 1-3. 

J. Violle i* estima^d the Boiling point of carbon to be 3600°; W. Crookes, 
about 4000°; H. Moissan, 3500°; and W. R. Mott gave 3700°, and J. J. van Laar, 
4040°, for the sublimation temp, at 760 mm. The melting p^t of the diamond 
niust be very high—over 3000°. C. Doelter noted that the corners of fragments of 
diamond are rounded at 2000°-2600°; but it is doubtful if the diamond can be 
really meltpd because of volatilization. The transition of amorphous carbon into 
graphite at high temp., and the possible fusion of graphite in the electric arc have 
been previously discus^. The action of heat on the different forms of carbon has 
been previously discussed specially, and also in connection -with the synthesis of the 
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dkmond and of graphite. C. Ooelter estimates the tniuition tempwatuie, 
diamond to graphite, to be near 1500°. The guesses which have been made con¬ 
cerning the equilibrium conditions of the different forms of carbon were illustrated 
by Figs. 2 and 3. The effect of press, on the transition point was calculated by 
A. Konig—tiide supra. According to A. Smithells, if 3500°—».e. 3773° K.—be taken 
as the b.p. of carbon, and 12 as the vap. density, it follows from Trouton's rule, 
12*/3773=13, that the heat of vaporization is 4086 cals, per gram, or 49,032 cals, 
per gram-atom. A. Thiel and co-workers calculated 125 Cals, per mol, which 
is much lower than other values. A. von Weinberg also made an estiniete'by 
means of Trouton’s rule. E. Griincisen calculated from the relation between the 
at. ht., C„ and the coeff. of expansion of the diamond, that the heat of sublimation 
is 274 Cals., and K. Fajans obtained 287 Cals., from the work of 0. Lummer on 
the variation of the temp. (3940°-4200°) of the positive crater of the carbon arc 
with press. H. Kohn showed that 0. Lummer’s temp, estimate is too high, and 
when corrected, he gives 163’5 Cals, for the heat of sublimation of carbon, and 168 
Cals, for that of the diamond. H. Kohn and M. Guckel gave 140 Cals, for the heat 
of sublimation, M. Padoa gave 150 Cals., and J. J. van Laar 215'7 Cals. The value 
of this constant is therefore rather uncertain. J. J. van Laar gave 6470° for the 
critical temperature and 2970 atm. for the critical pressure. 

E. Schenck and W, Heller attempted to estimate the vapour pressure of the 
different forms of carbon by starting from the equation where P 

denotes the total gas press.; ki is the equilibrium constant for the system C, CO, 
COj; and k is the equilibrium constant for the system Fe, FeO, CO, COj. If k 
does not vary with the different forms of carbon, then at a constant temp., for the 
different modifications of carbon will be proportional to the total gas press., P. 
A. Thiel and F. Ritter obtained in air: 


Vap. presa. 


3700* 

• 760 

3490* 

240 

8250* 

120 

2935* 

20 

2375* 
0*04 mm. 

and H. Kohn: 


4190* 

4137* 

4117“ 

4081* 

4052* 

4015* 

Vap. press. 

. 760 

608 

609 

380 

327 

243 mm. 


0. Lummer represented the sublimation curve, or the vap. press., p atm., of 
carbon by logioP=—2824(X)/4'5712'-|-14-645; J. J. van Laar, and J. A. M. van 
Liempt gave logioP=—471202°"i-f9-4. According toW.Ostwald,*® “thehcatot 
combustion of carbon is one of the most important constants in thermochemistry; 
it is the foundation of all energy calculations in technical and physiological« 
chemistry.” It was first measured by A. L. Lavoisier and F. S. tie Laplace, 
who found that par le eombuslion d’une once de charbon 6 Hares 2 onees da glace se 
fondaknt; this corresponds with the generation of about 7624 cals, by the complete 
comhustion of one gram of carbon. 

The calorimetric measurements of the heats of combustion of the different 
modifications of carbon differ considerably with every experimenter. M. Copisaroff 
attributes this to the different stabilities of the molecules, which in turn depend on 
the mode of linkage of the units constituting the molecule, and on the complexity 
of the molecule itself. The heat ol ozidatioy of the diamond to carbon moxide 
is, according to P. A. Favre and J. T. Silbermann, 7824 cals, per gram; W. A. Both 
and H. Wallasch gave 7869 ± 3 cals.; and T. Andrew!, 7678 mIs. E. Petersen found 
93'24 to 94 55 Cals, per gram-atom; and M. Berthelot and P. Petit, 94'31 Cals, per 

f ram-atom of diamond-carbon, and 94-34 Cals, per gram-atom of boart-oarbon. 

or the heat of oxidation of natural graphite to carbon dioxide, P. A. Favre and 
J. T. Silbermann found 7796-6 cals, per gram, and for artificial graphite, 7762-d«^.; 
W. A. Roth and H. Wallasch, 7856 to 7885 cals, for purified cast-iron, graphite; 
T. Audrews gave 7778 cals, pet gram; and L. Grassi, 7883 ^Is. B. Petersen, 
found 93-36 Cab. per gram-atom, and M. Berthelot and P. Petit, 94-81 C^. per 
gram-atom. For the heat of oxidation of amorphous carbon to carbon dioxide, 
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C. M. Despreti gave 7912 cals.; P. L. Dulong, 7288 cals.; and T.Andrews, 8080 cals. 
Pot wood charcoal, 1*. A. Favre and J. T. Silbermann gave 8080 cals, per gram; for 
sugar charcoal, 8040 cals.; and for gas carhon, 8047 3 cals.; T. Andrews gave 7678 
cals, per gram of wood charcoal. J. Thomson gave C+O=CO+30'16 Cals., and 
C+02=C02+96'96 Cals. M. Berthelot and P. Petit gave 97'65 Cals, per gram- 
atom of carbon oxidized to carbon dioxide. M. Berthelot and P. Vieille also com¬ 
pared the heat of combustion of the different kinds of carbon. Unlike M. Berthelot 
and P. Petit, W. A. Both and H. Wallasch found the heat of combustion of the 
diamond, sp. gr. 3 503 at 18°, is greater than that of graphite. The former was 
found to be 7869 cals., and the latter 7830 to 7854 cals. N. I. Nikitin gave for wood 
charcoal with [C] and [H] per cent, of carbon and hydrogen respectively, 
Q=80'51[C]+273-4[Hl. W. G. Mixter stated that at 20° acetylene black gives 
7894 cals, per gram at a constant press, and vol. This constant is’nearly equal to 
that for graphite, and is quite different from the results with sugar charcoal, wood 
charcoal, or gas carbon. Contrasting the heats of oxidation per gram-atom of the 
three allotropes of carbon, it follows that: 

Diamond Graphite Amorphous carbon 

Heat of oxidation . . . 04’3l 94*81 07*85 Cals. 

This means that the heat ot transformation ; graphite to diamond is 0 5 Cal.; 
amorphous carbon to graphite, 3 04 Cals.; amorphous carbon to diamond, 3 34 
Cals. P. Poch found the heat of combustion of carbon derived from cyanogen to be 
greater than that of carbon from carbon monoxide. W. A. Roth and H. Wallasch 
consider that there are two well-defined varieties of graphite, o-graphite, including 
all natural varieties, which has a heat of combustion of 7830-7840 cals., and 
jS-graphjte, including artificial varieties, which has a heat of combustion of 7866 
cals. The heat of combustion of the diamond is 7869 ± 3 cals. 

The heat of combustion of ethane, 370’9 Cals., can be resolved into four separate 
operations: (i) the heat of dissociation of the C-H linkage, x ; (ii) the heat of dissocia¬ 
tion of the aliphatic C-C linkage, y; l|iii) the heat of oxidation of monatomic 
hydrogen, v; and (iv) the heat of oxidation of carbon, z. Hence, —6a:-(-6u—i/-|-2z 
=370 9 Cals. J. Thomson found 155'8 Cals, for the heat of combustion of the 
CHj-group in a homologous scries of hydrocarbons, so that —2a:-t-2u—y-f-z=155-8 
Cals. From these two equations, it follows that z—2y=96'5 Cals. Again, W. H. 
and W. L. Bragg showed that the carbon atoms in the diamond have the aliphatic 
linkage, so that if y' be the heat of formation of the -C-C- linking in the diamond, 
the heat of combustion, 94 4 Cals., of the diamond is z—2y'=94‘4 Cals., which differs 
“by only two Cals, from the value obtained by another process. Hence, the heat of 
forma^n of a -C-C- linkage in the diamond is nearly the same as that with the 
same gremping in aliphatic compounds. From the ionization potential of hydrogen 
H+i0a=iH20iij,iiid-i-74±3 Cals., or ti=74 Cals. Hence, with a knowledge of the 
heat of sublimation of the diamond, the first of the above equations is completely 
solved. The value of this constant is as yet somewhat uncertain. 

K. Fajans estimates the heat of formation of a C-H linkage to be 117 Cals.; 
of a sitnple C-C linkage, 137’5 Cals.; and the heat of formation of gaseous carhon 
dioxide'from a gram-atom of carbon vap. assumed monatomic is 381 Cals. For, 
carbon in oxygen, making allowance for the heat of sublimation of the diamond, he 
gives Cv«pour + i02“C04"314^Cals., and J02-j-C0=C02-t-67'8 Cals. K. Fajans 
discussed the energy «f at. hnkage in the diamond; and A. L. von Steiger, in 
graphite;' W. Swientoslawsky found that the heat of formation of a number of 
carbon compounds is the sum of quantities made up additively of parts characteristic 
of single atoms. These characteristics are C-, 68-8 Cals.; H-, 48-2 Cals.; C1-, 
67‘4 Cals.; Br-, 23'8 Cals.; and I-, 4'4 Cals. K. von Auwers also discussed 
this subject. 

• The anomalies observed in the heats of formation of the aliphatic hydrocarbons 
led K. Fajans to reject the idea that each carbon and hydrogen atom is respectively 
associated with four valencies and one valency. He claims that subsidiary valtoAies 
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are exhibited in carbon compounds by the edges of J. H. van’t HoS’s tetrahedron 
(1. 6,15). The edge valeiwies of carbon play a considerable part in the internal energies _ 
of the compounds. Thus, whereas pentane and isopentane contain an equal number 
of principal -C-C- and -C-H- linkages, the number of edge valencies is dissimilar. 
The energy in the -C-C- edge linking is quite appreciable, and it is responsible 
for the lower heat of combustion of the diamond as compared with that of carbon 
in aliphatic compounds. Hydrocarbons with side chains contain more edge- 
linkages, and this is said to explain their higher heats of formation and lower 
heats of combustion than those of the isomeric compounds without side chains. 
The subject has been discussed by F. 0. H. Binder, M. Padoa, A. L. von Steiger, 

J. P. Wibaut, H. Beutler, M. Polanyi, A. Thiel, W. Huckel, A. von Weinberg, 

W. Swientoslawsky, F. Kirchhof, etc. 

The very high refracting power of the diamond was commented upon by Isaac 
Newton in his Opticks (London, 1704). The index ol refraction is larger than that 
of any other substance. Isaac Newton gave 2 439. The great refracting power 
explains the remarkable scintillations of light which the diamond produces when 
properly cut. This subject has been discussed by P. Groth.'* The index of 
refraction has been measured by J. C. Jamin, A. desCloizeaux, J. Becquerel, H. Fizeau, 

F. Peter, A. Rochon, D. Brewster, W. Haidinger, A. Weiss, J. F. W. Herschel, etc. 
The mean values of determinations by B. Walter, and E. WUlfing respectively 
are as follow: 

A It CD K F 0 h Hx'Wm 

2'40242 240759 2-41037 2-41762 2-42092 2-43544 2-46129 2-46922 2-46617 

2-40246 2-40735 2-41000 2-41734 2-42694 2-4S539 2-45141 - 2-46476 

A. Schrauf calculated p.„ for light of wave length A„ from (z„=2’378531 
-l-0-038696A|/A~'^, or ^„-~=2-378531-l-0-013432A;;‘-. In opposition to the usual 
behaviour of regular crystals, A. Sella found that the index of refraction increases 
with a rise of temp., and for the interval 22° to 93°, the refractive index, p, at 6°, 
is ;t=^}l-|-0-00000771(fl—Po))- 1’- Gaubert gave between 1-93 and 2-07 for 
graphite. J. C. Jamin found the index of refraction for coal to be 1-701; 
and for anthracite, 1 720. F. do la Provostaye and P. Desains, and W. Bosicky 
made observations on this subject. A. Schrauf gave for the diamond {p^—l)ID 
=0-001820; and (ft—1)/H=0 000529. H. Dufet gave {p~l)-idpjdd=000001b ; 
and, for the Ha-line, A. Haagen gave (ja—1)/Z)=0-4167. P. Gaubert rubbed thin 
plates of graphite between two microscopic slides and obtained minute transparent 
laminto which were green in transmitted light, and had a refractive index •. 
between 1-93 and 2 07 ; the optical character was negative. J. H. Glatistoue said 
that the refraction equivalent of the carbon of diamonds is about 6, uihile the 
carbon in hydrocarbons increases as the hydrogen content decreases. F. Peter, 

A. Haagen, and J. W. Brlihl, H. H. Landolt,R.N8sini,M. Zecchini, J.Traubc, J. Attiar, 
and A. Schrauf also made observations on the refraction eq., and the at. refraction. 
The dispersion coefidoient, said A. Schrauf, is much less than might be anticipated 
from analogy with the values for organic compounds with a high content of carbon; 
he gave fijra-pu=0 008778; and ftTi-PNa=0 008260; E. Boutan gave 0-0044 for 
the dispersion coeff. J. H. Gladstone also ma^p observations on the at. dispersion; 
and B. W. Wood, on the anomalous dispersion of smoke films. 

D. Brewster first noted the marked double refitaction^of the diamond, and 
observed that it is not what would be expected with isotropic crystals of the cubic 
system. As A. Schrauf has shown, the diamond is optically uniaxial. J. Dale noted 
that light is polarized elliptically by the diamond. The double refraction has been 
observed by many others—e.j. F. J. Arago,M.Tr4courtandG.Oberhauser, E, Mallard, 

H. C. Sorby and P. J. Butler, A. Schrauf, J. MacCullagh, J. Hitschwald, A. des 
Cloizeaux, etc. E. Cohen found the polarization with some crystals is as marked . 
as in crystals of quartz. The phenomenon has been attributed to inclusions or 
ctaOks, but E. Cohen showed that the magnitude of the effect is not dependent on 
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fiwuTds oi inclusions. E. Jannetaz regarded the double refraction as evidehc^^^*^ 
strains in the interior of the crystals; and B. Brauns concluded that the 

* have not been produced by rapidly cooling the crystals, but rather by the diamon^ 
having been formed under great press. E. Mallard showed that the double refraction: ^ 
is not altered by heating the crystals; and H. Moissan observed the phenomenon 
with artificial crystals. 

B. Walter observed in some diamonds an absorption spoctnuu with bands at 
A^4I56, between the G- and A-lines; the effect was marked in some yellow crystals, 
but feeble in red, green, and brown diamonds; a second band occurred with A=4710; 
and another in the violet and ultra-violet. He attributed the absorption spectrum 
to the presence of rare earths, while J. Beckenkamp assumed that between the 
structural units of the diamond other carbon atoms-^issociated or in soln.—are 
present. M. Melloni found the emissivity of graphite for heat is 86, if that of soot 
is 100. W. W. Coblentz and E. Asehkinass measured the percentage reflectmg 
power, R, of graphite for heat for rays of wave-length A. The former found; 

A . . 600 600 800 1000 2000 3000 4000 6000 7000 9000 

K . . 22-5 23-6 25-0 26-8 36'2 43-0 47’6 60-5 63-6 67-6 

W. W. Coblentz said that with graphite the reflectivity is 23 per cent, in the yellow, 
gradually increasing to 63 per cent, at 10/z. From this low reflectivity at 2/i in the 
infra-red, there results a high emissivity, so that a graphitized carbon filament 
lamp cannot have the same luminous efficiency as the tungsten filament lamp at the 
same temp., although it has the higher emissivity in the visible spectrum. F. Haber n 
found the vibration bequency of carbon for red rays to be 39'88 X lO'^, and for the 
violet rays, 10’84 x IQi**. E. Rutherford and J. Chadwick i* obtained no evidence 
of the omission of long-range particles of hydrogen when a-rays pass through carbon. 

In 1662, R. Boyle noted the tribolominescence of the diamond. He said, in 
his quaint way; 

Being rubb'd upon my eloatha, aa ia uaual, to excite amber, wax, and other electrical 
bodioa ,• it did, in the dark, manifeatly ahine like rotten wood, the acalea of whitinga, or 
other putrefied fiah. . . . But tbia light waa fainter than that of the acalea and alime of 
whitinga, and much fainter than the light of a glow-worm. . . . Thia glimmering, alao, very 
conaiderably decay’d, immediately upon ceaaing the friction; though the atone continued 
viaible for aome time after. 

The phenomenon was also observed by J. P. Dessaignes, C. F. du Fay,-J. Schneider, 
G. F. Kunz, L. Becker, J. Bernoulli and J. Cassini, and G. Halphen, etc. 
The last-named found a specimen with a rose-red glow. In the twelfth century, 

* Albertus Magnus, in his De rebus metaUkis et mineralibus, found that some 
diamonds became luminescent when placed in warm water; and in 1672, 
R. Boyth also observed the thermoluminescence of the diamond. He said: 

I found that holding a diamond a while near the flame of a candle, with my eyes turn’d 
contrary way, and immediately removing it to the dark, it disclos’d some faint glimmering, 
but inferior to that acquired by rubbing, . . I also brought the stone to some glimmering 
kind of light, by taking it into bed, and holding it a goiS while upon a warm part of my 
naked body. 

The thermoluminescenoewas also noted by C. F. du Fay, T. Wedgwood, etc. B. Gudden 
and R. Pohl found that a small, clealr, transparent diamond showed a photoeleotlic 
efieot in strong electric fields f and it varied with the wave-length of the exciting 
light, falling continuoBsly from 260/z|u to about 630/z^, when its value'was zero. 
B. Gudden and B, Pohl studied ue photoelectric conductivity of the diamond, 
and the relation between the structure and the electrical conductivity. The 
pbotolaminesoenofl of the diamond, after exposure to light, was noted by F. Hoff¬ 
mann in 1770. J. Wall also noted that the diamond is a nodiluca — to adopt 
R. BoyleV term--hecau8e it shines in the dark after it has been exposed to daylight. 

' He noted that the phosphorescence is extinguished in cM water, but is restored when 
the temp, is restored; R. Boyle previously noted that the glow was not quenched 
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8 r C. F. da Fay, and J. B. Beccari attributed the phosphorescence to the 

rtnre or entry of a “ cdoored sulphur ” to or from the diamond. M. de Grosser 
d that Kght filtered through a blue glass was a greater stimulant than light 
tttered through a red or yellow glass. T. J. Pearsall and A. M. Edwards observed 
the phosphorescence of diamonds which had been exposed to the light of an electric 
spark. J. F. Daubuisson, P. Riess, M. Chaumet, J. H. Gladstone, P. Heinrich, 
E. Becquerel, A. M. Edwards, G. F. Knnz, etc. made some observations on the 
phosphorescence of the insolatcd diamonds. 0. le Bon found all the Brazilian 
diamonds he examined were photolumineseent, but only some of those from South 
Africa. H. Landrin must have made a mal-inference in stating that only cut 
diamonds are phosphorescent. M. Chaumet noted that diamonds phosphoresce 
strongly in ullra-violet light. 0. Rosenheim found that the rays from a phos¬ 
phorescing diamond, invoked by exposure to a magnesium light, do aot affect a 
photographic plate. 

In 1879, W. Crookes observed that diamonds jjhosphoresee various colours when 
bombarded by cathode rays in a vacuum tube. The gradual conversion of the 
diamond into graphite by this treatment has been previously mentioned. H. Bec¬ 
querel found that the phosphorescent spectrum of a diamond has two continuous 
parts from 0 to E, and from F to 6. The blue phosphorescence is produced by 
exposure to ultra-violet light. W. Crookes also studied the phosphorescent spectrum 
of the diamond exposed to cathode rays in a vacuum tube. The spectrum has a 
green line, A=0370; a greenish-blue line, A --5130; and a blue line. A—5030. The 
X-ray spectrum of carbon has been studied by E. H. Kurth, F. L. Mohler and 
P. D. Foote, 0. W. Richardson and C. B. Bazzoui, A. L. Hughes, R. A. Millikan, etc. 
C. W. Hewlett, and A. H. Compton investigated the scattering of X-rays l)y the 
diamond and by graphite, and obtained a/i)=0T99 for the former, and 0'201 for 
the latter. A. H. Compton measured the spectrum of the K-rays scattered by 
graphite. For the absorption coeff.,C. W. Hewlett gave fi/B=0’551,andp=OT084; 
E. G. Taylor gave (i=0’U34. F. K. Richtmyer, S. J. M. Allen, and A. R. Olson and 
co-workers measured the absorption coefi. for different wave-lengths. J. Holtzmark 
gave A=42'9 for the wave-length of the X-radiation of carbon. J. A. Becker studied 
the effect of a magnetic field on the absorption of X-rays. J. C. McLennan and 
M. L. Clark gave 33’00 and 74 0 respectively for the critical voltages of the L-scries 
of X-rays, A=373'7xl0~® cm. and 166’7xlO~* cm., from carbon. 

H. Becquerel found that the phosphorescence of the diamond is invoked by 
exposure to radium rays; but not to X-rays. E. Newbery and H. Lupton also 
observed the blue luminescence of a diamond exposed to radium rays, and 
K. Keilhack said that diamonds are phosphorescent in X-rays. W. Marchwald 
also observed that diamonds become phosphorescent when exposed to radioactive 
bismuth or polonium. The diamond, said C. Doelter, is extremely transparent to 
the X-rays, and this is so characteristic that the effect can be used as a test to 
distinguish diamonds from other gem-stones. He also found that graphite is trans¬ 
parent to the X-rays, and if a plate of graphite, containing foreign matters, be exposed 
to X-rays, the enclosures appear as dark shades in the otherwise lighted background. 
P. Sacerdote found the X-rays had no sensible effect on the colour of the diamond, 
but A. Meyke, S. C. Lind and D. C. Bardwel^ found that a discoloration is de¬ 
veloped. W. Crookes noted that when exposed to the cathode rays, the colour 
of a diamond turns brown; H. Moissan said that it'is probjble some graphite is 
formed, although P. Sacerdote said that this is unlikely because the discoloration 
vanishes when the stone is heated. J. A. Becker studied the absorption of cathode 
rays by carbon. W. Crookes noted that a yellow Bingara diamond became greenish- 
blue when exposed to radium rays, and A. Miethe observed a yellow tint was acquired 
under similar conditions. C. Doelter found that a yellow diamoqd became a 
deeper yellow, a green diamond became a deeper green, and a brown diamond more 
orange on exposure to radium rays, but with X-rays the brown diamond became 
violat-grey. The colour acquired by the diamond on exposure to X-rays, cathode 
vot. V. 3 d 
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rays, and raditim rays, vanishes when warmed to 300°-400°; but is not perceptibly 
affected by exposure to ultra-violet light. The characteristic X-rays from carbon 
have been studied by A. L. Hughes, E. A. Millikan, E. H. Kurth, P. I. Lnkirsky, etc. 
C. W. Hewlett found the mass scattering coeff. of X-rays of wave-length 0'712 A., 
to be 0-184 for liquid mesitylene, 0-198 for graphite, and 0-234 for the diamond. 
P. A. Ross measured the angles of reflection of X-rays by graphite. 6. A. Hemsa- 
lech studied the luminous phenomenon which occurs when a plate of graphite is 
raised to a high temp, by means of an electric current. J. E. P. Wagstafi gave 
40 X I0»2 for the vibration frequency of the diamond and 27-7 X lO** for graphite. 

In 1802, W. H. Wollaston,21 in a paper on A method of examining refractive and 
dispersive powers by prismatic reflection, mentioned the flame spectnUn of carbon. 
He said: 

When a very narrow line of the bhio light at the lower part of a flame ia examined alone» 
through a prism, tlie S[)ectrum, instead of appearing as a series of contiguous lights of 
different hues, may be seen divided into flve images at a distfmee from each other. The 
first is broad and of a red colour terminated by a bright yellow' line ; the second and third 
are both green; and the fourth and fifth are blue. 

J. Fraunhofer, J. F. W. Herschel, H. F. Talbot, F. von Wrede, A. Matthiessen, 
J. W. Draper, A. Masson, and D. Alter made some related observations. W. Swan 22 

Red end blue end 



Fio. 16.— Spectra of Carbon and its Oxides, and of Cyanogen. 


showed that the spectrum at the base of a candle flame has a number of bands fading 
away towards the blue with sharp heads on the red side. This spectrum is associated 
with a greenish-blue light. According to W. M. Watts and H. M. Willdnson, in the 
so-called candle spectrum or Swan’s spectrum, there is first an orange-yellow band, 
Fig. 16, with heads A=6188-l, 6120-0, 6052 0, 5999 0, and 5965 0; a greenish- 
yellow band with heads A=6435-4, 6585-5, 6540 9, 65()0 0, and 6470 0; a green 
band with heads A=6165-2, 6129-4* 6101-0, and 5081-9; a blue band with heads 
A 4737*2, 4716*3, 4697*6,4684*0, and 4677*0; and an indigo-blue band with a head 
fading both ways be*ween A=4381-9 and 4366*9; an indigo-blue detached line 
a= 4334 4; and a band between A=4316*0 to 4234'0. Observations and measure- 
ments have been made by L. de Boisbaudran, A. J. Angstr6m and R. ThaWn, 
W. M. Watts. C. C. von Wesendonck, R. T. Simmler, R. Fortrat, A. Mitsoherlich, 
J. Plttcker and J. W. Hittorf, C. P. Smyth, J. M. Eder and E. Valenta, J. M. Eder, 
W. N. Hartley, C. Bohn, Q. Gehlhoff, A. Smithells, J. E. Merton, K. Hnlthin, etc. 
The sp^trum occurs in the blue or greenish-blue parts of hydrocarbon flames 
burning in oxygen or gases containing oxygen; in the flame of cyanogen burning in 
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air; in tbeordinarj carbon an in air; and in tb« spark discharge of many carbon 
compounds in the gaseous state. 

There has been some controversy as to whether W, Swan’s spectrum is produced 
by the element carbon, by a hydrocarbon, or by a carbon oxide. W. Swan considered 
tW the spectrum is produced by a hydrocarbon, but he worked only with gases con¬ 
taining hydrocarbons. On the other hand, J. Attfield ascribed the spectrum to carbon 
because (i) the flame of cyanogen, C^Nj, burning in oxygen, amongst other bands, 
shows this spectrum most brilliantly, when both gases are dry; and (ii) the spark 
spectrum of well-dried and purified cyanogen, carbon monoxide, or carbon disulphide, 
at atm. press., shows this same spectrum. The only constant in the composition 
of these gases is carbon, and therefore the spectrum must be due to that element. 
It has been objected that the temp, of an ordinary flame is not high enough to 
volatilize carbon, and hence asked ; How can carbon be present in a state of vap. 
and give a continuous spectrum ? H. C. Dibbits answered: Before combustion the 
carbon is present as a hydrocarbon, after combustion as an oxide; consequently, 
in passing from hydride to oxide, he argued that there must have been a certain stage 
of transition when each carbon atom was momentarily free and was able to furnish 
W. Swan’s spectrum. He said : 

In what state of aggregation the free atoms of carbon exist in the flame at the moment ■ 
of their separation cannot be determined ; solid particles they are not, still less liquid ; 
perhaps they are gaseous ; and perhaps they are in a state which is not to be likened to any 
of the three known states. They do not, at any rote, remain long in this state; they combine 
with oxygen to form carbon monoxide or dioxide, or if they do not immediately burn, 
they agglomerate to form smalt solid particles of carlmn, which remain for some time glowing 
in the flame, and are the cause of the bright light; they give then, like ali solid bwies, a 
continuous spectrum which extends the further into the violet, the higher the temp.* 

In support of this, he explains the failure of the carbon monoxide flame to show 
W. Swan’s spectrum, by stating that in this case the carbon is never free and unoom- 
bined. A. Gouy sprayed salts in a finely divided state into the flame, and showed 
that in the same zone it is possible to obtain the spectra of elements which it would 
be impossible to volatilize in the flame. Thus, the flame spectra with Shits of iron, 
cobalt, manganese, and silver have the same lines as the spark spectra obtained 
with the metals. W. M. Watts observed that carbon tetrachloride also gave the 
characteristic flame spectrum, and J. N. Lockyer obtained the same spectrum when 
a strong spark did not reveal the presence of hydrogen. The carbon theory was 
supported by C. Morren, V. S. M. van der Willigen, W. Huggins, J. Plttcker and 
J. W. Hittorf, A. WUllner, etc. , 

J. J. Thomson, in his study On the electrolysis of gases, suggested a modifitation 
of the carbon hypothesis. In passing the electric discharge through chlorofoftn vap., 
he found that %drogen and chlorine collected about the negative electrode, but on 
the positive side Swan’s spectrum was observed at first, and this rapidly changed 
into the carbon oxide spectrum. Fig. 16. With ethyl alcohol. Swan’s spectrum 
appeared on the positive side, and the carbon oxide spectrum on the negative side. 
With carbon monoxide, there was no difference in the spectra of the gas about the 
two electrodes, but if a little hydrogen be present, the carbon oxide spectrum appears 
on the negative side, and Swan’s spectrum on thwpositive side. He thus summarized 
his conclusions: , 

The view which seems meet in accordance with these observations is that the so-oalled 
candle spectrum or Swan's spectrum is the spectrum of the carbon when the atom is charged 
with negative electricity, or of some compound of carbon in which the carbon atom is 
charged with negative electricity; while the carbon oxide spectrum is the spectrum of 
carbw when the atom is charged with positive electricity or some compound in which the 
carbon atom is positively charged. , 

While the supporters of the carbon theory rely on the development of the band 
spectrum in gases free from hydrogen, and ail thoroughly dried,_the supporters of 
the hydrocarbon theory, on the other hand, say in effect that it is a mere/optm ie 
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parler to say that the gases employed in producing the band spectrum ate free from 
hydrogen because it is impossible to exclude all traces of moisture, and if moisture 
is present, hydrocarbons will be produced in the burning gas. They also emphasize 
the fact that this spectrum is well developed when hydrocarbons are known to be 
present. In their Recherehes sur lei meialMdei A. J. Angstrom and R. Thal4n, after 
an examination of the spark spectra of carbon in various gases, in the auriole between 
the electrodes, and not in le trait de feu—the path of the spark, decided against the 
carbon theory and supported the hydrocarbon hypothesis. The aureole, when in 
oxygen, showed the spectrum of carbon monoxide; when in nitrogen, it showed 
blue and violet bands superposed on W. Swan’s spectrum, these were attributed to 
a compound of carbon and nitrogen; and when in hydrogen, it showed W. Swan’s 
spectrum. Since the discharge from carbon electrodes in hydrogen furnishes 
acetylene, it is concluded that W. Swan’s spectrum is produced by that gas. They 
state that, in the first instance, they were led to ascribe Swan’s spectrum to a hydro¬ 
carbon, because of its general resemblance to the spectrum of the oxides of the 
alkaline earth metals. After describing Swan’s spectrum, they said: 

CotU) description do I’aspoct dos rates oat tout-A-/ait identique A cello doni^ auparavant 
par rapport aux raios des oxydos m^taliiqiios, et nous pensons que cette analogic remarquable 
no pout £tro euti^roment fortuite. 

They state that elementary carbon is characterized by a line spectrum, while Swan’s 
spectrum is conditioned by the atm. in which the discharge occurs, for it is found 
only in the aureole. C. P. Smyth supported the hydrocarbon theory, (t. D. Liveing 
and J. Dewar observed the spectrum of the electric arc between carbon poles in air, 
chlorine, carbon monoxide and dioxide, hydrogen, nitrogen, nitric oxide, and 
ammonia. They also examined the flames of some carbon compounds. They 
concluded: 

In the next place, the green and blue bands, characteristic of the hydrocarbon flame, 
are well seen when the arc is taken in hydrogen ; but though less strong when the arc is 
taken in nitrogen or in chlorine, they seem to be always present in the arc whatever the 
atm. This m what we should expect, if they be due, as A. J. Angstrom and R. Thal4n 
suppose, to acetylene; for we have found that the carbon electrodes always contain, even 
when they have been long treated in chlorine, a notable quantity of hydrogen. In the 
fiames of carbon compoimds, they by no means always appear; indeed, it is only in those 
of hydrocarbons or their derivatives that they are well seen. Carbon monoxide and carbon 
disulphide, even when mixed with hydrogen, do not show them ; and if seen in the flames 
of cyanogen, hydrogen cyanide, and carbon tetrachloride mixed with hydrogen, they aro 
, faint, and do not form a principal or prominent part of the spectrum. This is all con¬ 
sistent with,the supposition of A. J. An^^trdm and R. Thal^n. 

« 

Q. B. fjivoing aud J. Dewar later admitted that carbon vap. might exist in the 
cyanogen flame, and they abandoned the acetylene theory. They regarded acetylene 
to be the means of bringing carbon vap. into existence in flames, and pointed to 
the invariable presence of this gas in the interior of hydrocarbon flames. They 
said that acetylene is a highly endothermal substance, hut A. Smithells showed 
that however true this may be, it is probably very erroneous at the temp, at 
which carbon is given oB as a vapour. He also showed that the acetylene flame 
is exceptionally opaque. . 

After reviewing the evidence for the carbon theory, A. Smithells concluded that 
there is no reliable esidence to warrant the supposition that the flames of carbon 
compounds contain carbon vapour. On the contrary, there is much evidence 
against such a supposition. He then showed that the hydrocarbon theory resolves 
itself into a consideration of acetylene and methane as a likely source, since these 
are the only two hydrocarbons which W. A. Bone and D. S. Jordan found to be 
stable at-high temp, in the presence of carbon and hydrogen. The fundamental 
difficulty with either acetylene or methane is presented by the appearance of Swan’s 
spectrum in the flame of cyanogen. 

The spectrum of the flame of cyanogen burning in air, or generally, in oxidizing 
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gssw, lias been observed by /. F. W, Hersohel, H. F. Talbot, H. C. Dibbits, 
A. Hitsoherlicl^ R. Tbal^n, B. T. Birge, 6. Salet, H. Kayset and C. Range, H. Crew 
and 0. H. Basquin, F. Bxner and E. Hascbek, H. Deslandres, F. Jnngblutb, 
A. Hagenbach and H. Konen, J. Haferkamp, J. M. Eder, J. M. Eder end E. Valenta, 
J. FlUcker and J. W. Hittorf, C. Morten, M. Berthelot and F. Richard, 
A. Kratzer, U. S. Uhler and R. A. Patterson, A. Perot, L. Kilchling, J. Okubo, 
W. Grotrian and C. Range, Lord Rayleigh, A. S. Hersohel, J. Dewar, 0. P. Smyth, 
H. W. Vogel, W. N. Hartley, H. Crew and 0. H. Basquin, A. S. King, 
A. de Gramont and M. Dtecq, E. C. C. Baly and H. W. Sycrs, etc. The flame 
spectrum of cyanogen includes (i) A=7102 to 5245; (ii) A=4606-33 to 4502 36 ; 
(iii) A=421612 to 4152-88; (iv) A=3883-55 to 3855 06 ; (v) A=3690-48 to 3584-06 ; 
and (vi) A=3360-l. As pointed out by J. Attfield, the spectrum of the cyanogen 
flame includes Swan’s spectrum, with presumably the same origin, and two distinct 
groups; (i) those at the less refrangible or red end extend into the yellow and green. 
The sharp edge or head is on the most refrangible side— i.e. in the opposite way to the 
hydrocarbon bands—and .the bands fade in brightness towards the red end. They 
are not seen in any other flame; and (ii) the bands at the more refrangible or blue 
end which fade in brightness towards the violet. The bands corresponding with 
Swan’s spectrum have presumably the same origin, and are superposed on bands 
produced by a compound of carbon and nitrogen. The same bands occur much 
fainter in the flame of cyanogen burning in oxygen, and C. Morren, and W. M. Watts 
attribute this to the smaller proportion of undecomposed cyanogen at the. higher 
temp, of the flame burning in oxygen. The bands in the red become more brilliant 
when the cyanogen is burnt in oxygen. In addition to the red and yellow bands, 
there are bands in the blue, violet, and ultra-violet. These latter bands have 
been ascribed to carbon, since they have been reported in carbon compounds 
not containing nitrogen; but G. D. Liveing and J. Dewar, in agreement with 
A. J. Angstrom and R. Thalen, attributed the channelled spectra of the hydro¬ 
carbon and cyanogen flames to acetylene and cyanogen, and not to carbon itself. 
The presence of traces of moisture and nitrogen as impurities in the gases emifloyed 
explains the formation of both cyanogen and acetylene. Hence, the flame of 
cyanogen may show the hydrocarbon spectrum superposed on that of cyanogen; 
and in vacuum tubes, containing hydrocarbons, the cyanogen spectrum may be 
observed. G. D. Liveing and J. Dewar found in agreement with W. M. Watts that 
the bands in the blue, violet, and ultra-violet appear in the spark spectrum of carbon 
monoxide at ordinary press, if that gas has been made from potassium ferrocyanide, 
but not if made from the action of sulphuric acid on dried sodium formate, or by • 
heating a mixture of quicklime and dry potassium oxalate ; the bandsVoresstated 
by W. M. Watts, and J. N. Lofkyer to occur in the spark spectrum of carbon tetra¬ 
chloride, but, added G. D. Liveing, not if all traces of air have been expelled from 
the apparatus. Similar results are obtained with naphthalene. 

The spark spectrum in cyanogen gas, or the spectrum of the ordinary carbon arc 
in air, is due either to carbon plus cyanogen, or to carbon at a high temp. The less 
refrangible group of the cyanogen flame spectrum is absent in the spark spectrum. 
It is difflcult to obtain cyanogen of a sufficiently high degree of purity to furnish 
what might be called the pure cyanogen spectrum, but E. C. C. Baly and H. W. Sycrs 
obtained cyanogen in vacuum tubes which, in the electric discharge, showed no 
trace of the carbon spectra, but yielded a “ .very beautSul and qjiaracteristic cyanogen 
spectrum.” The spectrum differs from that derived from the flame. They said : 

It presents a series of equidistant flutings through the whole of the red and yellow, 
somewhat recalling those of the positive band spectrum of nitrogen. The cyanogen bands 
are, however, much wider than the nitrogen hands, and do not show the break in the orange 
characteristic of the nitrogen spectrum. The flutings under higher dispersion are split 
into very fine lines. * ^ 

The admission of air or oxygen into the vacuum tube was at once attended by the 
appearance of Swan’s spectrum. They concluded that Swan’s spectrum is not 
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produced by a carbon compound which does not contain ox^en, A. SmithelJs also 
prior to E. C. C. Baly and H. W. Sprs, showed that the brilliant Span’s spectrum’ 
from the flame of cyanogen burning in oxygen is not likely to depend on the presence 
of an irremovable quantity of impurity, and he showed it to be far more probable 
that Swan’s spectrum is due to carbon monoxide which is “formed in the primary 
chemical act of combustion whenever Swan’s spectrum appears in the hydrocarbon 
flame.” 

W. M. Watts described what he called the four spectra of carbon; (i) W. Swan’s 
spectrum of hydrocarbon flames; (ii) the spark spectrum of vacuum tubes contain¬ 
ing carbon monoxide or dioxide, or ethylene; (iii) the spectrum of the flame from 
Bessemer’s steel converter; and (iv) the spectrum of the high tension spark in carbon 
monoxide or dioxide. He later showed that the spectrum of the Bessemer flame 
was due to manganese oxide; and that the second spectrum is due not to carbon 
but to some oxide of carbon, and is not given by ethylene if special precautions be 
taken to exclude oxygen, 'l^en an intense spark, obtained with a Leyden jar and 
air-break in circuit, is sent through carbon monoxide or dioxide, the spectrum of 
carbon is obtained. W. M. Watts produced the carbon lines in the spectrum from 
fused alkab carbonates, and also from the spark between carbon electrodes. The 
more intense lines in the line or spark spectrum of carbon are 6439’4, 6162-6, 
6122-6,6867-8, 6694 6, 6589-0, 6349-7, 6270 6, 4878-3, 4686-1, 4466-0, 4435-1, 4426-6, 
4302-7, 4226-9, 3968-6, 3933‘8, and 3644-6. 

The spark spectrum of carbon has been observed and described by W. M. Watts, 
W. Wullner, A. J. Angstrom and R. Thalen, G. D. Livcing and J. Dewar, W. N. Hart¬ 
ley, W. N. Hartley and W. E. Adency, J. M. Eder, J. M. Bder and B. Valenta, 
H. Deslandres, A. de Gramont, F. Exner and B. Haschek, J. Hartmann, A. Hagen- 
bach and H. Konen, W. A. Miller, H. C. Dibbits, W. Huggins, J. PlUcker and 
J. W. Hittorf, 0. P. Smyth, W. Spottiswoode, W. Crookes, H. A. Rowland, 
H. Rubens and H. Konen, H. Finger, H. Reubens and A. Asobkinass, J. Trow¬ 
bridge, A. M. Herbert, J. Hartmann, etc. The arc spectrum has been observed 
by M. Ic Rosa, A. Secchi, G. D. Liveing and J. Dewar, R. ThaHn, A. L. Foley, 
W. B. Hufl, W. W. Coblentz, S. Procopiu, F. Simeon, etc. The effect of an 
alternating current on the arc spectrum has been studied by L. Puccianti, H. Crew 
and B. J. Spence, etc. The effect of an electric spark on carbon vap. in the arc was 
observed spectroscopically by H. Crew and J. C. Baker. The effect of self-induction 
on the spectrum was observed by A. de Gramont; and M. Toussaint examined the 
effect of argon, and of iodine vap. The band spectrum has been investigated by 
, J. Attfield, A. Morren, A. Lielegg, C. P. Smyth, G. Salet, W. M. Watts, C. C. von 
Weaen/lonck, L. Thollon, G. D. Liveing and J. Dewar, C. Fievez, J. S. Stas, 

J. N. Lpekyer, J. M. Eder and E, Valenta, A. Smithells, H. Konen, P. Lewis, 
Attempts to establish series formulEe have been made by H. Deslandres, 

R. Komp, T. N. Thiele, J. Leinen, H. Kayser and C. Range, R. Fortrat, 

V’ Jungbluth, J. Haferkamp, 

A. 8. King, A. Fowler and co-workers, T. Lyman, R. J. Strutt, etc. Difficulties 
Mve been encountered in separating the lines due to oxygen and those due to carbon. 

could get this spectrum only from carbon monoxide or dioxide; and 
A. J. Angstrom and R. Thal4n obtamed it in hydrocarbons when they used a large 
conde^r. A. ^huster and H. E. Roscoe showed that the spectra obtained from 
the different varieties of carbofi are identical. 

J. PlUcker showed^hat carbon dtoxtde in a vacuum tube gives a spectrum which 
^8, at ^t, an intense bsmd in the red. This he attributed to carbon dioxide. 
He found that the carbon dioxide band gradually disappears owing to the slow 
decomposition of carbon dioxide by the spark. A. Wlillner has given a detailed 
d^nptio^ of the phenomenon observed at different press., with changes in the 
* character of the discharge, and in the length of the containing tubes.* The carbon 
spectrum has been investigated by V. 8. M. van der Willigen, F. Brasack, 

W* H* Bair, E, F. Barker, J. N. Collie, E. R, Drew, T. Lyman, F. Himstedt and 
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H. von Deohend, eto. Neither Q. Salet nor A. Smithells could obtain the red line 
characteristic of carbon dioxide, and the former said that this line belongs to the 
line spectrum of carbon. A. Smithells worked with carbon dioxide prepared from 
the liquefied gas, and dried by phosphorus pentoxide. The press, was gradually 
reduc^, and Table III shows the chief consecutive changes. In addition to the 
carbon oxide spectrum, three other spectra are involved: (i) Swan’s spectrum j 
(ii) The carbon line spectrum; and (iii) The oxygen spectrum. A. Smithells then 
showed that the so-called carbon oxide spectrum (Fig. 16) is really the spectrum of 
carbon dioxide—niie infra. 

Table III.—The Efikct o» Pressure on the Sfbctrom of Carbon Dioxide. 
Ordinary discharge. 1 Condensed dlscliarge—Jar and air-gap. 


Faint carbon oxide (linear) , Carbon and oxygen linos. 

Bright carbon oxide (glow) ■ Carbon and oxygen lines. 

Brighter carbon oxide ■ As above with wide gap ; with medium gap Swan’s 
spectrum. 

Very bright carbon oxide As gap is widened spectrum changes from carbon 
oxide to Swan’s, and to carbon and oxygen lines. 

Fading carbon oxide As gap is widened spectrum changes from carbon 

oxide directly to carbon and oxygon lines. 

Slow fading of carbon oxide : As before, fadmg slowly. 


owgB or 
exhaustion. 


The spectrum of the flame of carbon tnomxtde is continuous, but, under reduced 
press., G. J. Burch observed the flame spectrum shows signs of becoming discon¬ 
tinuous. The spark spectrum is readily obtained from a vacuum tube filfed with 
carbon monoxide. Some of the bands are very close to the bands in W. Swan's 
spectrum, and the two spectra may easily be confused. C. P. Smyth attributed the 
spectrum of carbon monoxide to carbon. In the production of the spark spectrum 
of oxygen, all carbonaceous impurities must be rigorously exclude or else the 
spectrum will belong to carbon monoxide, not oxygen. The more prominent carbon 
monoxide bands are: 6079 in the yellow; 5607'5, 6197*0,6187, 5184, 5182, 6179, 
6176, 6173, 6170, and 6167 in the green ; the bands 4834, 4823, 4821, 4819, 4817, 
4789, 4786, 4610, and 4394 in the blue. The carbon monoxide spectrum has been 
examined by A. WUllner, W. M. Watts, H. Nagaoka, A. J. Angstrom and R, Thal^n^ 

J. Plttcker, A. de Gramont, W. N. Hartley, K. Hulth4n, C. C. von Wesendonck, 

J. Loos, G. D. Liveing, F. Exner and E. Haschek, M. Tietz, F. Himstedt and H. von § 
Dechend, T. Lyman, etc. A. Smithells examined the effects of different .stages 
of exhaustion on the spectrum of carbon monoxide, and the main features are 
summarized in Table IV. 


TabiaB IV.—^Thb Effbct of Pressure on the Spectrum: op Carbon Monoxide. 


OrdloAry (U»cfaargc. 


Swan’s spectrum 

Swan’s and faint carbon oxide ' 

Swan’s and weak carbon oxide 

Sww’s and carbon oxide equal 
Swan’s weakening, carbon oxide 
strengthening 
Carbon oxide only 
The carbon oxi^ fades; the 
tram grows in intensity and ^ni 
fades imtil the tube is fluorescent j 


Condoiwcd di 0 c}iariie-"jar and alr*gap. 


I No discharge. 

I SWan’s spectrum. 

I Swan’s spectrum and carbon and oxygen 
i lines. ^ 

I Carbon and oxygen lines with a short 
' gap, the carbon oxide is visible; and 
I with a longer gap a faint Swan’s spec* 

' tram displaces the carbon oxide. 

{ No discharge. , 


Staae of 

exhausUoD. 

1 

2 

3 

4 

5 

6 
7 


il. tiet* found that the condensed discharge with platinum electrodes at ordinar; 
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fitm. pr6ss. gav6 a spectrum with the lines of oxygen and carbon only. ^ J'oUowjng 
a hint by G. G. Stokes, A. Smithelle demonstrated that in all probability, while 
the so-called carbon oxide spectrum is the spectrum of carbon dioxide, Swan’s 
spectrum is the spectrum of carbon monoxide; and he summarized the arguments 
as follows: 

(J) The carbon monoxide and Swan’s spectra are strikingly similar, and the actual 
differences are such as might be expected from the mol. differences of the two oxides. 

(2) Carbon monoxide gives Swan’s spectrum predominantly except under extreme 
conditions. If the passage of the discharge is electrolytic - -alternate diraociation and 
rerombiiiation of carbon and oxygen the process in the tube has a chemical feature in 
common with that occurring in flames showing Swan’s spectrum. 

(3) Under extreme conditions of gaseous or electrical press., carbon monoxide gives 
either the carbon oxide or the carbon line spectrum, or both. These extreme con¬ 
ditions correspond to the maximum heating effects of the discharge when the gas might 
bo expected to decompose: 2COT=^COa4-C, as shown by H. St. C» Deville, and V. Meyer 
and C. Langer. A block deposit formed on the tube near the electrodes observed by 
Cl. D. Livoing and J. Dewar, was found by A. Smithells to be carbon, and was formed only 
when the carbon lino spectrum is visible. 

(4) Carbon dioxide furnishes the carbon oxide spectrum most readily, and this remains 
at higli exhaustions. At ordinory atm. press., the gas gives only the line spectrum of 
carbon and oxygen. A condensed discharge favours the formation of Swan’s spectrum. 
This accords with the facts tliat carbon dioxide is a good conductor ; and when the heating 
effect of the discharge is intonsifled, the gas is dissociated into carbon monoxide and oxygen. 
The condensed discharge in the highly rarefied gas produces the line spectrum of carbon 
and oxygen. If tlie oxygen lines are visible, the carbon lines are also visible. The gas is not 
readily dissociated into carbon monoxide and oxygen under these conditions. V. Meyer 
and C. Danger's experiments showed that carbon dioxide is not readily dissociated at a 
high temp., whereas carbon monoxide easily breaks down. In opposition to this, J. N. Collie 
foimd lliat carbon dioxide under low press, is rapidly decomposed by the discharge from an 
ordinary induction coil—66 per cent, being decomposed in 10 secs. Under similar conditions 
carbon monoxide was found to be far more stable. 

(6) 0. D. Liveing and J. Dewar found that the carbon arc-discharge in carbon monoxide 
gave Swan’s spectrum with no trace of the carbon oxido spectrum. This is what would 
be anticipated if Swan’s spectrum is due to carbon monoxide, and the carbon oxido spectrum 
to carbon dioxide. 

(6) The spectrum of the carbon arc in air contains Swan’s spectrum together with 
groups of lines which (». D. Liveing and .1. Dewar, H. Kayser and C. Runge, and M. Tietz 
attribute to oyonogen or to carbon in association with nitrogen. Swan’s spectrum 
is fweribed to the well-known fact that carbon monoxide is formed in the arc. In support 
of this is (}. D. Liveing and J. Dewar’s observation that the arc in the middle of a magnesia 
crucible often shows signs of Swan’s spectrum although that of cyanogen is strong. If, 
however, puf& of air or cai*l>on dioxide are passed into the arc, Swan’s s|>octnim is produced; 
this also is the case if one of the carbon poles be moistened. The spectrum of the arc under 
* water shows Swan’s spectrum alone. 

♦ 

E. 6. C. Baly and H. W. Syers supported A. Smithells' theories as to the genesis 
of Swan's and the carbon oxido spectra. They obtained Swan’s spectrum from 
carboA monoxide when highly purified, but a trace of hydrogen or oxygen changed 
Swan’s spectrum into the carbon oxide spectrum. The chief difficulty, said 
A. Smithells, is to be found in the frequently recorded observations of Swan's 
spectrum under conditions which appear to exclude the presence of that gas. The 
spectrum of hydrocarbons has been investigated by C.’Morren, M. Bertbolot and 
F. Richard, B. von Lengyel, V. Henri, B. Hasselberg, H. Deslandres, C. Fievez, 
A. Kratzer, E. E. Brooks, et^ F. W. Klingstedt studied the spectrum of phenol; 
W. C. Holmes, that Qf p-cymene; V. Henri, and W. H. McVicker and co-workers, 
C. F. Meyer and D. W. Bronk, J. M. Hyatt, J. E. Purvis, that of benzene ; V. Henri 
and P. Steiner, that of napluhakne; J. W, Ellis, that of ckhroform; and J. M. Hyatt, 
that of anthracene, H. Konen, and W. M. Watts and H. M. Wilkinson found that 
. organic liquids containing oxygen like methyl and ethyl alcohols^ glacial acetic acid, 
etc.; and organic liquids not containing oxygen, like cUoroform, carbon taracMoride, 
ethyl bromide, ethylene dibromide, aniline, pyridine, naphthalene, and benzene purified 
in many cases by repeated distillation over bright sodium, still-gave Swan’s spectrum. 
A. Smithells mentioned the great difficulty encountered by H, B. Baker in freeing 
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carbon UtraMmde from oxygen; H. B. Baker’s, and J. J. Thomson’s observations 
on the important part play^ by traces of moisture in the passage of electricity 
through gases; B. Hasselberg’s observations that some kinds of glass persistently 
give rise to carbon and oxygen which bring to light the carbon oxide spectrum; 
and 6. D. Liveing and J. Dewar’s observations on the extreme sensibility of the 
spectroscopic test to traces of impurity. 

The idbKirption spectra of the vap. of benzene has been investigated by E. Dick¬ 
son, L. Grebe, and W. N. Hartley; of toluene, by F. Cremer; of ethylbenzene and . 
para-xylol, meta-xylol, and ortho-xylol by W. Mies; and of chlorobenzene, bromo- 
benzene, iodobenzene, and aniline by H. Koch. The fluorescent spectra in general 
correspond with the absorption spectra. Observations on the spectrum of the 
flame from Bessemer’s converter have been made by W. M. Watts, A. Lielegg, 

G. J. Snelus, W. Williams, etc. For the spectra of the sun, comets, etc., vide the 
occurrence of carbon. The ultra-red spectrim has been studied by W. H. Julius, 

E. C. Kemble, C. Schaefer and M. Thomas, J. M. Eder, A. M. Herbert, E. P. Lewis 
and E. S. Ferry, K. Angstrom, H. Eubens and A. Aschkinass, H. Lehmann, 

H. Hermann, E. R. Drew, W. W. Coblentz, A. Betgmann, W. J. H. Moll, etc. The 
ultra-violet spectrum has been studied by G. D. Liveing and J. Dewar, 
R. A. Milhkan, W. W. Shaver, J. C. McLennan and P. A. Petrie, W. H. Fulweiler 
and J. Barnes, F. Simeon, etc. The influence of temperature on the spectrum has 
been studied by W. M. Watts, etc.; the influence of pressure by E. Villari, 

F. Benevides, 6. D. Liveing and J. Dewar, W. J. Humphreys, J. E. Petavel and 
R. S. Hutton, A. Hagenbach, J. Haferkamp, etc.; and the influence of magnetism, 
by G. Berndt, and R. Fortrat. The series spectra were discussed by A. Fowler. 

R. Boyle ^s stated that the diamond has an electrical virtue, for, after being 
rubbed on cloth, it attracts light bodies, like amber, jet, etc., though ina less'degree. 
R. J. Hatty said that the raw or cut diamonds are positively electrified by friction, 
but the charge is rapidly lost; graphite, however, develops no frictional electricity 
when rubbed with resin or shellac. L. B. G. de Morveau, L. V. Brugnatelli, and 
J., F. L. Hausmann and F. C. Henrici found the diamond to be a very bad electric 
conductor; graphite and amorphous carbon, on the contrary, are comparatively good 
conductors. A. Artom found the sp. electrical conductivity of the diamond, at 16°, to 
be between 0'211xl0~i* and 0 309 X10^*^ reciprocal ohms. Measurements were 
made by J. Konigsberger, C. Doelter, H. von Wartenberg, D. E. Roberts, W. Geiss, 

C. E. Williams, and K. Arndt and F. Korner. J. Priestley noted that charcoal 
is a good conductor of electricity. According to A. Matthiessen, if the electrical 
conductivity of silver at 0° is 100, that of graphite ranges from 0 00395 to 0 0693. • 
He also found that the electrical conductivity of purified graphite is eighteen times 
greater than that of natural graphite; and this shows the importance of thf degree 
of purity of graphite on its physical properties. J. Konigsberger and 0. Reichenheim 
found for Cingalese graphite, per cm. cube, the sp. electrical resistance, R, 

-186" -60 0“ 21“ 01* 89" 105" 147° 101" 

A . . 0-00428 0 00336 0 00295 000283 0 00265 0-00264 0-00260 0-00238 000220 

They did not succeed in establishing data lor the resistance parallel and 
perpendicular to the principal axes. The ,sp. resistance at 9° between 0° 
and 280° is R=0-00291 (1—0 001285); H. Muraoka gave for Siberian graphite 
R=0 00122(l-0-0007395-f0-0a273fl*). The decrees? in the resistance with temp, 
is smaller than is the case with amorphous carbon. J. Milner gave 2-8 ohm 
for the resistance of Cingalese graphite at 20°; and for a commercial graphite 
electrode, 12 ohms. F. Streintz gave 14-20 ohms for the resistance of powdered 
graphite, and H. Muraoka, 12-20 ohms. A. Bartoli found that the coarser the 
grain-size of the graphite the larger the conductivity. A. Artom gave for Greenland 
graphite the sp. conductivity 0 247 x 10*; Cumberland graphite, 0-054 x 10*; and for , 
Siberian graphite 0-082 X10* reciprocal ohms at 14°. H. Muraoka gave 0-0871X10* 
tec. ohms at 0°, and F, Streintz, 0-0705 X10*; B. Kesoh gave for Cingalese graphite, 
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0-079x10* to 0-385x10* rec. ohms at 0°. L. Oellier gave 18-M9X;lCr« mho fot 
the conductivity of graphite of sp. gr. 1-698 ; 146-32xlG^ for that of electric light 
carbon of sp. gr. 1-467; 267-88 x 10"* for the similar material of sp. gr. 1-667 ; and 
185-99x10^ for gas retort carbon of sp. gr. 1-627. Observations have been also 
made by K. Badeker, J. Konigsberger, W. Geiss, B. von Hasslinger, G. Kirchhofl, 
F. Auerbach, J. Borgmann, J. W. Howell, F. le Roy, Lord Kel-vin, and H. G. l^rtin. 
The relative electrical resistances of graphite electrodes were found by C. A. Hansen 
to be 


2.5" 400” 800” 1200” 1000" 2000” 2200” 

Percent. . 100 94-0 81-5 66-0 66 0 68-0 69-0 


Graphite electrodes which had been fired to 1200° and cooled off gave 91-6 per cent, 
of the original resistance (100), and similarly at other temp. 

Fired at . . . 1200“ 1600“ 2000“ 2400“ 2800“ 3600“ 

KosBtanco cold . . 91-6 87 0 77-6 • 65-9 60 9 22-4 

E. Ryschkcwitsch found the resistance, H ohms, of different samples of graphite 
compressed at different press., p atm. The results are shown in Table V, where 
the values of o refer to the constant: J?=o/p+0-0076. 

Tabik V.—EIJ40TMCAI. Kbsistance op Graphite ax Dippbhest Pressures. 


Carlton, 


Madagascar (sieve 100) 
Ceylon (sieve 160) . 
Acheson amorphous 
Bohemian amorphous 
KropfmOhler (sieve 160) 
Kropfmithler 
Madagasear coarse . 
Kropfmiihler coarse 



ijier cent. 

1 

14-6 

80-8 

161-0 

216-6 


1 

. ‘ 94 

00083 

0-0436 ■ 

0-0251 

0-0186 


. 97 

00630 


0-0232 

0-0182 


99 

00420 

0-0281 

0-0196 

0-0166 


100 

0-0347 

0-0253 

0-0174 

0-0141 


90 

0-0300 

0-0200 

0-0149 

0-0122 


99 

0-0238 


0-0119 

0-0098 


94 

0-0182 

0-0130 

0-0106 

0-0089 


94 

0-0160 

0-0122 

0-0100 

0-0082 

Oil 

Kobell, W. 

G. Mixter, and A. 

Franck observed 


2'10 
: 1-80 
1-38 
110 
0-80 
0<60 
0-35 
i 0-25 


compared with other non-metallic conductors, amorphous carbon is a good 
electrical conductor. A. Matthiessen found that at 25°, the conductivity of gas 
carbon is 0-0386, when that of silver is 100 at 0°. W. von Siemens gave 0-0145 x 10* 
mhos icjT the conductivity of gas carbon at 0°, and H. Muraoka, 0-0204x10* for 
gas carbon, and 0-0248x10* mhos for commercial arc-light carbons. J. Dewar 
and J, A. Fleming found the sp. resistance of a carbon filament of a commercial 
incandescent lamp to bo 


SxlO-> 


00" 

3835 


IS-O” 

3911 


1 ” 

3963 


- 80 ” 

4054 


-lOO” 

4079 


-182” ' 

4180 


F. StreinU gave 0-25 rec. ohms for the conductivity of amorphous carbon at 12“; 
W. Beets gave for carbon dust 0 0366x10* rec. ohms; and F. Lucas, 0-0142x10* 
at 16°. F. Streints found the%p. resistance of lampblack is 4000 ohms, and as with 
electrolytes, the resbt&nce decreases as the temp, is raised. H. Yiolette found that 
the electrical conductivity of wood-charcoal increases with the charring temp.; 
and that prepared at 1600“ conducts electricity better than gas carbon. R. Ferrini, 
H. Tomlinson, and 8. Bidwell showed that the conductivity of carbon dust is 
“increased by compression. 

J. Borgpnann, W. von Siemens, W. Beets, and H. Muraoka measured the effect of 
immature on the conductivity. The conductivity increases as the temp, is raised. 
J. Monokmann stated that the rate of the change of the resistance of carbem 





■;CAS6<ar m 

mth temp, riaee up to 2C0°, and thereafter inoieasea. S, P. Thompeon said that tbd 
inflnence of press, on the condnciivitjr is not perceptible. F. W. Bridgman measured 
the effect of pressure on the electrical resistance of massive graphite, but found the 
results not very reliable. With gas carbon, the resistance at 30° decreases with 
rising press., and the proportional effect becomes smaller at higher press. The 
decrease of resistance was 6'86 per cent, at 6000 kgtms. per sq. cm., and 12'07 per 
cent, at 12,000 kgrms. per sq. cm. At 96° up to 3000 kgrms. per sq. cm. press., 
the coeff. is about 4 per cent, greater. The resistance decreases linearly with temp, 
between 0° and 100°, and at 100°, the resistance is 2'66 per cent, less than it is at 0°. 
With a sample of Acheson-graphite the total fractional increase of resistance under 
12,000 kgrms. per sq. cm. decreases with rise of temp., being 4'76 per cent, at 0°, 
4'23 per cent, at 60°, and 4'23 per cent, at 100°. The increase is not linear, being 
3’44 per cent, at 0° and 6000 kgrms. per sq. cm. The large departure from linearity 
indicates a maximum, and in no other substance is there any evidence of a maximum 
or a minimum being reached at high press. The press, coeff. for carbon in the 
amorphous and graphitic states have opposite signs. K. Arndt and P. KStner 
measured the electrical resistance of a number of artificial and natural graphites. 
They also examined the effect of the grain size with two samples of graphite; they 
reported 

Orain size .... ^016 mm. 0*06 to 0*16 ram. <0‘06 mm. 

Resistance ^ ohms. 
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K. Siebel found that the electrical resistance of carbon was raised considerably by 
gas absorption. 

E. Aschkinass studied the relation between the electrical conductivity and 
refiecling power; and A. Bartoli compared the conductivity and composition of 
different kinds of carbon. K. Arndt and W. Fehse, T. C. Mendenhall, 0. Boekmann, 
etc., also made observations on this subject. 8. Bidwell found a mixture of finely 
divided graphite and 20 per cent, of paraffin is a good conductor, but with 30 pet 
-cent, of paraffin the conductivity is nearly zero. J. A. Cunningham measured th* 
potential gradient of hot carbon; and J. A. Pollock and A. B. B. Ranclaud, 
F. Deininger, and 0. W. Richardson studied the emission of negative ions by heated 
carbon. J. A. Pollock and co-workers studied the potential at the surface of heated 
carbon. 

J. Probert and A. W. Soward found that the conductivity is affected by 
absorbed gases—the magnitude of the effect depends on the nature of the gas. 
T. Peczalsky found that hydrogen produces no effect on the electrical resistiYity of 
carbon at ordinary temp., or press, up to 33 atm., but the resistance increases 
considerably when a carbon filament is heated in hydrogen to a high temperature, 
and the resistance at room temperature after such a heating in hydrogen shows 
a similar and more marked increase, while if the filament be heated in vacuo 
to the same temperature the resistance decreases in value. The effect is greater 
the higher the press, of the hydrogen. Acoorffing to J. Monckmann, when two 
rods of carbon, one charged with hydrogen and the other with oxygen, are in 
electrical contact, the current passes from the jjydrogen to the oxygen. The wires 
and rods are found to have an increased resistance, that of the oxygen rod being 
the greater. The effect disappears after short-cireWting. If the wires or rods 
be charged twice in opposite directions, the effect disappear, unless the second 
charging is of very short duration; in this case, a reversal takes place. With carbon 
rods at different temp, in contact, reversal occurs at 250°; with a thermoelectric 
couple of carbon and platinum, the thermoelectric line rises below 250°, and falls 
above that temp. 6. Tammann found that when a cold rod of any substance is 
dipped in hot carbon powder, it becomes covered with a layer of the powder the , 
thickness of which increases with the difference of temp, between rod and potrder. 
Powders other than carbon do not exhiUt this phenomenon, and it is therefore 
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asstimed that the effect is not electrical. It is supposed to be due to the occlusion 
by carbon of the gases given off by the rod. B. D. Kleeman and W. Fredetickson 
studied the electrical charge assumed by a filament of carbon dipping in a liquid. 

J, Buchanan placed carbon between zinc and silver in the Meofrochemioal senes. 
According to A. Coehn, H. C. Pease, and A. Avogadro, the electrochemical 
equivalent of carbon is 3, if that of hydrogen be unity. C. Fromme measured the 
electromotive force, i.e. the potential difference of gas carbon in nitric and chromic 
acids. A. Voller found that the potential difference of carbon in nitric acid is not 
much affected by raising the temp, from 0° to 100°. 0. Gore measured the e.m.f. 
of carbon in soln. of potassium chloride, bromide, iodide, and cyanide. 
S. Marianini measured the potential difference of carbon in sea-water; M. Faraday, 
of carbon in hydrochloric acid ; J. C. Poggendorff, of carbon and graphite in soln. 
of ammonium chloride, potassium cyanide, and potassium ferrooyanide. The use 
of carbon as the negative pole in batteries has been discussed by G. Wiedemann. 
D. Toramasi described a cell using a carbon rod surrounded by lead dioxide in one 
compartment, and a carbon rod with a soln. of sodium or calcium chloride in the 
other. The reactions are said to bo C-|-2H20=C02-|-2H2, and 2H2-fPb02=Pb 
-I- 2 H 2 O. C. J. Reed said that 42 cals, of energy are consumed and not generated by 
such a cell. According to F. Haber and L. Bruner, there is a difference of potential 
of about a volt between carbon and iron rods immersed in fused sodium hydroxide; 
and in the electrolyte, the current flows from the carbon to the iron. The iron rapidly 
dissolves, but it may become passive. If the iron is immersed in fused sodium nitrate, it 
is covered with a dark skin of oxide, which is difficult to remove ; such iron is passive. 
The addition of alkali manganate to the sodium hydroxide also produces the passive 
condition, and the more readily the less water the sodium hydroxide contains. This 
is explained by the fact that dry sodium hydroxide does not yield any hydrogen 
when electrolyzed, and therefore, since no hydrogen can be evolved at the surface 
of the iron, the skin of oxide is formed more completely. Since all sodium hydroxide, 
especially when fused in contact with iron and air, contains more or less manganate, 
it appears that iron protected by a skin of oxide and immersed in sodium hydroxide 
containing manganate is really an oxygen electrode, the part played by the' 
manganate being that of an intermediary, by means of which the atm. oxygen can 
pass into the ionic condition. The e.m.f. of the combination, passive iron in sodium 
hydroxide | calomel electrode, was found to be ~0’265 volt at 312°, increasing to 
—0 472 volt at 532°. This e.m.f. is independent of the quantity of manganate in 
the electrolyte as this is not very small or very large. The e.m.f. of the combination, 
carbon in fused sodium hydroxide | calomel electrode, varies greatly with the 
nature of the carbon employed, —0 66 volt being found with artificial graphite and 
—1’4 with a partially disintegrated, arc-lamp carbon. The carbon is attacked by 
fused sodium hydroxide, hydrogen being evolved. The more rapid the evolution 
of hydrogen, the greater is the e.m.f. When a very rapid evolution of hydrogen 
is produced by heating the sodium hydroxide to 500°, the e.m.f. rises to —1'5 volts. 
W hen a platinum tube, through which a current of hydrogen is passed, is substituted 
for the carbon electrode, the same e.m.f. is observed, namely, —1'48 to —1’5 volts. 
It appears, therefore, that the carbon electrode is really a hydrogen electrode. That 
an e.m.f. lower than —1'6 volts is qften observed is readily explained by the partial 
depolarization of the electrode by the manganate present in the electrolyte. It is 
only when the temp, is suffidlently high to produce a rapid evolution of hydrogen 
that the full value is* observed. When the carbon is once charged with hydrogen, 
however, it retains the high e.m.f. fcr some time at lower temp. The carbon electrode 
is really a hydrogen electrode, the hydrogen being formed by the action of carbon 
on sodium hydroxide, and the reaction to which the e.m.f. of the cell is due is the 
formation of water from this hydrogen and atm. oxygen. The e.m.f. of the cell 
, agrees well with the e.m.f. required to decompose into hydrogen and oxygen the 
small quantities of water dissolved in fused sodium hydroxide. V. Karpen studied 
these cdls. 
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B. Newbery found that the overvoltages of graphite and gae carbon are very vari¬ 
able in both acid and alkali. In acid, that of graphite rises to a very high value at 
high current density and the electrode disintegrates rapidly. With gas carbon, the 
disint^ration is still greater, whilst the overvoltage is lower. At low current 
densities, the disintegration is very slight, especially with graphite, but the surface 
is softened and the whole electrode becomes very brittle. Little or no deposit 
appears on the cathode. In alkali-lye, even at the lowest current densities, a 
black deposit is produced on the cathode, but the disintegration of the anodes is 
much less. No visible change is produced at the anode after passing currents up 
to 100 milliamphres per sq. cm. for half an hour. With a current at 1000 milli- 
amphres per sq. cm., a gas carbon electrode gradually disintegrates, the liquid is 
discoloured, and a shower of small carbon particles falls to the bottom of the 
vessel. Under similar treatment, a graphite electrode acquires a crystalline 
appearance and a few particles fall off, but there is very little discoloration of the 
electrolyte. The crystalline appearance is produced in acid or alkali at high 
current densities, and, alter drying, microscopic examination reveals the fact that 
the finely divided materials between the larger crystals have been carried away, 
leaving the crystals themselves almost untouched. A. Giinther-Schulze measured 
the cathode potential of graphite in different gases. J. W. Langley, C. Liebonoff 
and L. Strasser, F. Exne.r and J. Xuma, etc., have studied this subject. H. Ayrton, 
W. Mathiesen, A. E. R. Westman and W. J. Clapson, B. Rasch, and V. L. Crisler 
studied the potential gradient and general characteristics of the carbon arc ; 
W. Q. Duffield and co-workers, the recoil press.; and K. T. Compton, ionization in 
the carbon arc. 

The Volta effect of the sodium and carbon couple was measured by E. Corminas; 
and that of the couples gas carbon or wood charcoal with gold or platinum, by 
A. Bartoli and G. Papasogli. W. Skejr measured the Volta effect with graphite and 
native sulphides. The ttomoelectnc force of the platinum and carbon couple 
was found by J. Buchanan to bo 176-|-2 07d C.G.S. units at 6“ ; and of the carbon 
and lead couple, 390—1'87S. J. Weiss and J. Konigsberger gave 6'3xl0~* volt 
lor the thermoelectric force of the copper and carbon couple. H. Muraoka found 
graphite to be thermoelectrically negative against other varieties of carbon. H. Zahif 
made observations on the thermomagnetic properties of carbon. 

According to M. Faraday, amorphous carbon and graphite are but feebly 
magnetic; and F. Zantedeschi found them to be diamagnetic. A. L. Holtz also 
said that soot, fir-wood charcoal, and graphite are diamagnetic; P. Pascal found 
that sugar charcoal, freed from hydrogen and iron, is diamagnetic, the magnetfc 
susceptibility is —52x10^ mass units, and it is not affected by "six hours’ 
heating in vacuo at a red heat; for the diamond he gave —0'52xl0'J’ units. 
S. Meyer gave for graphite at 18°, — 8 x 10~* vol. units; and for the diamond 
at 13°, —1'1 x 10“* vol. units, and —0'33 mass units. K. Honda found the magnetic 
susceptibility of arc carbons at 18° to be —2 0x10"*’ mass units; and at 1160°, 
—I'SxIO”*’ units; likewise for the diamond, at 18°-600°, he gave — O’lffxlO"*’ 
units. P. Pascal computed the at. susceptibility of carbon with various linkages. 
M. von Pirani found the dielectric constant of the diamond to be 16-47 for A = a ; 
W. Schmidt obtained 5-50 for A=75; and A.,Coehn and U. Raydt, 6'18 to 8 0. 
M. von Pirani gave 2 4 for wood charcoal of sp. gr. 1-4. 

o Rsnassoxs. * 

* A. des Cloiieaux, Mamtl it niMralogie, Paris, 18,11874; C. Doeller, Ntntt Jaliri. Min,, 
U, 91, 1898L. E. Bivot, Ann. Mina, (4), 14. 423, 1849; H. Moisun, Compt. Beni., 181. 449, 
1896; m. 210, 1896; A. Danbiee, i6., 84. 1277, 1877; H. Oorceix, 0)., 93. 981, 1881; 
W.B. Hobbs, Joum. Oe(>I.,T.37S, 1899; Anter.Oeoi.,14.31,1894; O. F. Kuna and H. 8. Washing¬ 
ton, Amer, Joum, Seience, (4), 24. 276, 1907; C. Eerrenner, Bents Jahrb. Min., 230, 1870; 
£. Jatmettaz, BvU. 8oc. Min,, 14. 65, 1891; F. Imperaius, DeB^hisiwia ruUwate, Ni^U, 4* 
122,1699. 

* M. Diorsohe, Jahrt. Qed. Seiehtanet., Wien, 48. 231, 1899; H. Hoissan, Compt. Beni., 118i 



783 INORGANIC AND THEORETICAL CHEMISTRY 

608,1893 ; 121. 638,1896 ,- P. and L. Sohataenberger, A., 111. 774,1890 ,■ G. Ronaaeau, A., 117. 
164,1893; H. N. Warren, Glum. Nem, 69. 291, 1894. 

* W. 0. Mixter, Amer. Jmrn. Seierue, (4),'19.434,1906 ; T. L. Pbipson, Chem. Nem, 63.119, 
1906. 

a Pliny, Uuloria mturalit, 37.16, A.n. 77 ; J. B. L. Rom4 de I'lale, Crintallographii, Paria, 
2. 191, 17^ ; F, Mohs, 0rundru8 der Mtneraloffie, Dresden, 2. 361, 1824 ; 0. F, llaumann, 
ttMmch dtr Mineralogie, Berlin, 612,1828 ; Lehrbveh der Kryttallographie, Leipaig, 2.234,1829 j 
J. P. L. Hausmann, Handbwh der Mintralogit, GSttingen, 4, 1847 ; A. Breithaupt, VdUtSndiget 
Handhuch der Mineralogie, Dresden, 624, 1^7 ; H. J, Brooke and W, H. Miller, Introduction to 
Mineralogy, London, 111, 1862; F. von Kobell, Sildur. Bayer. Akad., 11.1129, 1872; G. Rose, 
Dae kryalailo-chemieclun MineraUyetem, Leipzig, 144, 1862; Siltdier. Akad. Berlin, 633, 1863 ; 
Ber., 4. 903,1871; ZeU. prakt. Oeol., 6. 280, 1864 ; 9. 16, 1867 ; A. Sadebeok, tb., 30. 606,1878; 
Siltber. Akad. Berlin, 578, 1876; J. Hirsohwald, Zeit. Kryet., 1. 212, 1887; J. Beokenkamp, 
ib., 58. 7,1923 ; P. Groth, ib,, 2. 96, 1888 ; Die Mineralien-Sammlung der Univereit&t Straeeburg, 
Strassburg, 4, 1878 ; A. des Cloizeanx, Manuel de miniralogie, Paris, 2. 18, 1874 ; Ann. Miner, 
(6), 8.304,1866; Ann. Chim. Phye., (3), 14.301,1846; NeuesJahrb. Min., 4fl9,1877; E. Cohen, 
ib., 762, 1876: i, 318, 1884; 0. A. Kenngott, ib., 81, 1869; SUzber. Akad. Wien, 10.182,1876; 
P. Karting, Neuee Jahrb. Min., 192, 1869; P. von Jetemejeff, ib., 275, 689, 1871 ; A. Knop, ib., 
786, 1872; E. Weiss, ib., ii, 13,1880; J. Martin, Zeit. deut. geol. Gee., 30. 621,1878 ; H. R. G6p. 
pert, Pogg. Ann., 92. 623, 1864; Abhand. ScMee. Gee., 61, 1869 ; A. Schraui, Teehermak's Mitt., 
289, 1873 ; F. Berworth, ib., (2), 19. 340, 1900 ; G. F. WiUiams, Tram. Amer. Inet. Min. Bug., 
86. 440. 1904; D. Brewster, Joum. Geol. 8oc., 8. 466, 1833 ; Phil. Mag., (3), 7. 246, 1835; (4), 
8. 284, 1852; Trane. Boy. Soc. Bdin., 10. 1. 1823 ; 28. 39,1864; C. Friedel, BuU. Soc. Min., 14, 

7, 1891; Butt. Soc. Chim., (2), 41 100, 1884; G. Friedel, Compt. Send., 177. 1085, 1923; 
H. C. Sorby, Ber., 2. 126, 1869 ; H. C. Sorby and P. J. Butler, Proe. Boy. Soc., 17. 291,1869 ; 

8. Tennant, Amer. Joum. Science, (2), 22. 278,‘l869; N. S. Maskelyne, ib., (2), 17. 136, 1864; 
B. Regener, Siidier. Akad. Berlin, 948, 1909; A. von Fersmsnn and V. Goldschmidt, Der 
Dtamant, Heidelberg, 1911; J. B. A. Dumas, Compt. Bend., 16. 246, 1843 ; H. Moissan, ib., 121. 
449, 1895 ; 28. 210, 1896; A. Damour, L’lmtU., 77, 1863 ; Butt. Soc. OM., (3), 18. 642, 1866; 
G. Delaiosse, Nouveau coure de miniralogie, Paris, 2. 167, 1860; A. Petiholdt, Joum. prakt. 
Chem.,^ (1), 28.474, 1841; Beiirdge zur Natu^eechichle der Diamantee, Dresden, 1842; E. Socht- 
ing, Sideehlteee von Mineralien in krietdttieierten Miruralien, Freiburg, 1800; L. S. Ramsdel), 
Anwr. Min., 7. 168, 1922 ; J. R. Sutton, Tram Boy. Soc. S. Africa, 8. 163, 1920 ; Min. Mag., 
19. 208, 1921; H. Behrens, Arch. Nierl., (1), 18. 377,1881; W. H. and W. L. Bragg, Proc. Boy. 
Sm., 89. A, 277,1913; W. H. Bragg, Proc. Phye. Soc., 83. 304, 1921; 84. 33, 1921; X-Baye and 
Cryetal Structure, London, 102, 1916; 99, 1924; E. Q. Adams, Joum. Washington Acad., 8. 
240, 1918; E. Mohr, Joum. prakt. Chem., (2), 98. 316, 1918; A. W. Hull, Phye. Bev., (2), 10. 
061, 1917; P. N. Pease, Journ. Amer. Chem. Soc., 44. 769, 1922; M. Copisarow, ib.. 48. 1870. 
1021; Chem. Newfty 118. 301,1910. 

‘ O. A, Kenngott, Sitzher. Akad. Wien, 18. 469,1864; W. H. and W. L. Bragg, Proe. Boy. Soc., 
89. A, 277,1913; X.Baye and Cryetal Structure, London, 102,1916; 99, 1924; A. W. Hull, Phye. 
A».,(2), 10.661,1917; (2), 20.113,1922; J. N. von Fuchs, Joum. prakt. Ghem.,(l),l. 363,1836; 
F. von Sandberger, Neuee Jphrb. Min., i, 202, 1888; W. Luxi, Ber., 26. 1378, 1892; F. Monier, 
Compt. Bend., 78. 420, 1874; H. Moissan, ib., 116. 608,1893 ; 119.976,1246,1894 ; Ann. Chim. 
Phye., (7), 8. 306, 1896; B. Walter, Jahreeb. Geol. Gee., 41. 369, 1890; H. Erdmann, Liebig’e 
Ann., 247. 307, 1888; W. Haidinger, Handbuch der beetimmcnden Mineralogie, Wien, 613, 1846; 
W. B. Clarke, Chem. Newe, 24. 16, 40, 64,78, 1871; W. C. Brogger, Zeit. Kryet., 10. 607, 1892; 
A. F. Moses, ib., 28. 606, 1897; R. Jameson, A Syetem of Mineralogy, Edinburgh, 2. 216, 
1820; F: Mohs, Gmndriee dee Mineralogie, Dresden, 2. 216,1824; C. F. Naumann, Lehthuch der 
Mineralogie, Berlin, 616, 1828; Elemente der Mineralogie, Leipiig, 648, 1868; M. L. Huggins, 
Joum. Amer. Chem. Soc., 44. 1841, 1922 ; 46. 264, 1923; Phye. Bev., (2), 19. 346, 369, 1922; 
Amer. Joum. Science, (6), 6. 303,1923; J. Beokenkamp, Zeit. Kryet., 68.7,1923; R. Scharizer, 
ib„ 56. 440, 1920; A. Landb, Zeit. Phyeik, 4. 410,1921; H. Thirring, ib., 4. 1, 1921; N. Gross, 
Vmechau, 84. 610, 1920; H. Lacks, lezy. Zjazd. Chem. Polekich, 31, 1923 ; Journ. Phye. Bad., 
8. 126, 1922; N. H. Kolkmeijer, Zeit. anorg. Chem., 106. 36, 1919; Proc. Acad. Amelerdam, 
28. 120, 1920; D. Coster, ib., 22. 636, 1920 ; 0. A. Suokow, Pogg. Ann., 32. 387, 1834; 
Neuee Jahrb. Min., 647, 1834; F. Rtone, ib., ii, 47, 1916; 0. Cieck, ib., 309, 1866; 
A. E, KordenskjOld, Beekrif. dfver dei Kiniannd funna minerolier, Helsingfors, 1865; Pogg. 
Ann., 96. 110, 1866; H. Sjagren, (Sfvete. Ahtd. Pirh., 4. 29, 1884; Zeit. Kryet., 10. 606, 
1892; R. J. Hafiy, Traifi de miritralogie, Paris, 4. 86, 1822; G. Wolff, Phye. Zeit., 21. 718, 
1920; V. Kohlsohatter, Zeit. anorg. Chem., 106. 36, 1919; W. T, Astbury, Soienee Prog., 17. 
886, 1923 1 G. Asahara, Joum. Chem^apan, 1. 36, 1922; P. Groth, TtJbdlmieeAe Veberekht 
der Mineralim, Braunsohwetg, 11, 188; 13, 1889; L. Fletcher, Introduction to the Study of 
Meleorita, London, 1896; P, Groth, Phye. Zeit., 1.11, 1906; P. Debye and P. Scherrer, ib., 1& 
29L 1917 1 Sngg.j 104. 17, 604, 1917; H. le Chatelier, Ltgone eur le carbOTU, Paria, 68, 1908; 
P. P. Ewali}, ffitsber. Afcid. Berlin, 328,1914; P. Pooh, Anal. Soc. Eepan. Pie. Omm., 21. 291, 
1923; E. Ryichkewltsoh, Chem. 48.101, 1M4; E. Q. Adams, Joum Waehington Acad,, 8 
2W, 1918 1 E. Mohr, Joum prakt. Chem, (2), 98 816,1918; P. N. Pease, Joum Amer, Chem. 
See,, 14. 769, 1922; F. P. Worley, Bep. Australasian Aseoe., 18 212, 1923; Q. Asahan, 
ffcisnes Papers Inet. Phye. Chem Seeeareh, 1.23,1922. 



OARBOK 


783 


* Pliny» Hidorim naiuralii, 87. 15» A.d. 77; H. Ifoisun, £« /ow PwrU, 1887 1 

Ixmdon, 79» 1904; C. de Doubet, MondtSt 18. 681» 1887; F. Auerbaob, Witd. Aim., ^ 1000» 
1894; J. B. Rydberg, Ze»<. p\y9. Ckm., 88. 353, 1900 ; 0. A. Kenngou, SUOer. Akad. Wien, 18. 
469, 1864; A. B. de Boot, Oemmontm ei lapidum histona, Jena, 1^; F. Mooier, BvU, Aesoe, 
BektU, France, 14. 18,1874 ; Compf. Bend,, 7S. 420, 1874; A. V. Bakowsky, Jaum. Bute. Phy$. 
Chm, Soc., 49. 871, 1917. 

* R. Boyle, SpdroskUic Balance, London, 1600; Obeervatione on Dtamondf, London, 1672 1 
U. J. Brisson, PeeanUur epicifiquee dea corps, Paria, 1787; F. Mohs, Omndrua der Mineralogie, 
Dreaden, 8.306,1824; T. Thomson, Outlines of Mineralogy, London, 1.46,1836; J. J. Beneliue, 
Ann. Chim. Phya., (2), 49. 247, 1832; H. Fizeau, Compt. Bend., 60. 1161,1866; E. Cohen and 

J. Olic, Zeit. phya. Chem., 71. 386, 1910; E. WUIfing, Tachermak'a Mitt., (2), 16. 49, 1896; 
P. A. Dufrenoy, Compt. Bend., 40. 3, 1866; C. Friedol, ib., 115. 1037, 1803; V. A. Jacquelain, 
♦6., 24.1060,1847 ; Ann. Chim. Phya., (3), 20. 469, 1847 ; L. E. Rivot, Ann. Mines, (4), 14. 423, 
1840; Phil. Mag., (3), 34. 397, 1849; Compt. Bend., 28. 317, 1849; H. Moissan, ib., 118. 608, 
1893; 119. 976, 1246, 1894; Ann. Chim. Phya., (7). 8. 306, 1896; W. J. Grailich, Bull. Soc. 
Oiol., (2), 18. 542,1866 ; VInaiit., 25. 324,1857 ; A. Schrauf, Sitzber. Akad. Wien, 54.479,1866 ; 
A. yon Schlatter, i6., 63. 462, 1871; E. H. von Baumhauer, ArcA. Nkerl., (1), 8. 1, 07, 1873 ; 
Wied. Ann., 1.466,1877 ; A. Wigand, Ann. Phyaik, (4), 22.64,1907 ; F. Feilitzsch, Pogg. Ann., 
87. 206, 427,1862; A. Schafarik, ib., 139. 188, 1870 ; L. Playfair, Proc. Boy. Soc. Edin., 4. 241, 
1862; OAem.^etf)S,2.1,48,1800: E. DoQathandJ.Mayrhofer,Ber., 16.1588,1883 ; E. Petersen, 
Zeit. phya. Chem., A 601,1891; T. W. Rickards, Zeil. Ekktrochem., 18. 619,1907 ; Joum. Amer. 
Chem. Soc., 87. 1643, 1915; R. M. Burns and G. A. Hulott, ib., 45. 572, 1923; H. £. Cude and 

G. A. Hulett, ^.,42.391,1920; G.F. Kune, Amer. Jottf«.8'cunce,(3),84.490,1887; Y.Tadokoro, 
Science Bep. Tohoku Univ., (I), 10. 339, 1921 ; A. Livenddge, Description of the Minerals of New 
South Waka, Sydney, 1882. 

* C. MAne, Compt. Rend., 64.1091,1867; H. le Chatelier and S. Wologdine, t&., 146.49,1908; 

H. Moissan, t&., 116. 608, 1893; 119. 976, 1246, 1894; Ann. Chim. Phya., (7), 8. 306, 1896; 
H. V. Regnault, t6., (4), 7. 450,1866; J. Lowe, Joum. prakt. Chem., (1), 66.186,1866; J. N. von 
Fuchs, ib., (1), 7. 363, 1836 ; B. C. Brodie, Phil. Trans., 149. 249,1869 ; S. McLean, Trans. Boy. 
Soc. Ganoid, 13. Ui, 197, 1919; L. Ce^er, Wied. Ann., 61. 611, 1897; E. Kysohkewitioh 
and £. Kostermann, Zeit. Elektrochem., 30. 86, 1924; G. A. Kenngott, Sitzber. Akad. Wien, 
18. 460, 1864; C. F. Rammelsberg, Ber., 6. 187, 1873; W. Luzi, ib,, 26. 1378,* 1892; 
M. Diersche, JaJirb. Qeol. Beichaanat. Wien, 48. 231, 1899 ; A. Wigand, Ann. Phyaik, (4), 22. 64, 
1907; L. Playfair, Proc. Boy. Soc. Edin., 4.241,1862; Chem. News, 2.1,18,1800; S. Petersen, 
Zeit. phya. Chem., 8. 601, 1892; G. de Douhet, Mondea, 13. 681, 1867; T. W. Riob^rds, Zeit. 
Elektrochem., 13. 619,1907 ; Joum. Amer. Chem. Soc., 87.1643,1905; C. J. B. Karsten, Schwsig' 
gePa Joum., 65. 394, 1832; J. C. Poggendorff, Pogg. Ann. Ergbd., 2. 363, 1848; J. J. Bertelius. 
Ann. Chim. Phya., (2), 49. 247, 1832; E. Cohen and J. OUe, Zeit. phya. Chem., 71. 386, 1910 ; 
Y. Tadokoro, Science Bep. Tohoku Vniv., (1), 10.339,1921; M. Pirani and W. Fehse, Zeit. ElektrO‘ 
chem., 29. 168, 1923; F. Sauerwald, »&., 28.171,1922 ; W. C. Arsem, Trans. Amer. Electrochem. 
Soc., 20. 106, 1911 ; U. £. Cude and G. A. Hulett, Jovm, Amer. Chem. Soc., 42. 391, 1^0; 

R. M. Bums and G. A. Hulett, >&., 45.672,1923; M. Debeaupuis, Bull. Soc. Min., 46.49,1923. 

* H. Violette, Ann. Chim. Phya., (3), 39.291,1863; H. Moia8Bn,'t6., (7), 8.289,1896; W. Hal- 
look, BuU. U.8. Ced. Sur., 42. 132, 1887; W. Luzi, Ber., 25. 1378, 1892; G. Werther, Journ. 
prakt. Chem., (1), 61. 21, 1863; C. MAne, Compt. Bend., 64. 1091, 1867; H. le Chatelier and 

S. Wologdine,' k., 146.49,1008; W. O. Mixier, Amer. Joum. Science, (4), 19.434,1906; A. B^ank, 

2ieit. angew. Chem., 18. 1733, 1906; A. Wigand, Ann. Phyaik, (4), 2B, 64, 1^7; L. Bell and 
P. B. Basset, Science, (2), M. 612, 1922; B. N. Pease, Joum. Amer. Chem. Soc., 44. 1407,^922: 
H. £. Cude and G. A. Hulett, ib., 42. 391, 1920; A. Land4, Zeit. Phyaik, 4. 410>t 1921; 
A. W. Williams,Proc.Boy. Boc.,M. A, 223,1920; L.Playfair,CAem. New8,2. 1,18,1860; Proc. Bo^, 
Boc. Fdin..4.241,1862; A.Zoit, Wied. Ann., 27.229,1886; L. Meyn, Jonrn. prakt. Chm.,<{l),ilk. 
482,1842; A. Baudrimont, »&., (1), 7. 278,1836; F. Monier, BuU. Aaaoe. Scient. France, 14.18, 
1874; Compt. Bend., 78. 420, 1874; A. Titoff, Zeit. phya. Chem., 74. 647, 1910; I. F. Homhay. 
ib., 74.152,1910; F. Exner, Monatah., 6. 249,1886 ; 8Ud>er. Akad. Wien, 91.850,1886; T. Ora- 
ham,PA»f. ifay.,(4),26.409,18d3; (4;,27.81.1864; Proc.Boy. Boc.,12.6U, 1863 ; T.E.Thorpe. 
Jowm. Chem. Soc., 87.141,327,1880; H. L. Buff, Liebig^s Ann., 4.129,1866; M. Schalfejeff, Ber., 
15.2209,1882; £. Petersen, Ze%t. phya. Chm., 8. 601,1891; Y. Tadokoro, Science Bep. Tohoku 
Gi»v.,(l).10.339,1921. • 

T. W. Rio^rds, Zeit. ElelUrockem., 18. 619, 1907; Joum. Amer. Chem. Soc., 87. 1643, 
1916; The Compreaaibilitiea of <Ae Elements and their Periodtc Belationa, Washington, 1907 ; 
W. Sprii^, Ann. Chim. Phya., (5), 22. 190, 1881; H. Moissan, ComptTBend., 123. 206, 1896; 

K. Fdrsterling, Zeit. Phya%k, 6. 361, 1922; J. J. Thonuon, Phil, Mag., (6), 44. 669, 1022; 
A. W. WiUiams, Proc. Boy. Soc., 98. A, 223, 1920; BFH. Adams, E. H. WilUams(»i, and 

J. Jcdutfton, down. Amer. Chem. Soc., 41. 89, 1919; L. H. Adams, Journ. Washington Acad, 
8eience,ii. 46,19^1; iL Land4, PAyaiA,4 410,1921; J. H. Hildebrand, T. R. Hogne«»and 

K. W. Taylor, Joum. Amer. Chem. Soc., 45. 2828,1928. 

H. Fizeau. Compt. iZend., 60. 1161, 1866; 88. 1101,1133, 1866; 68.1125, 18d9: Chem. 
News, ta. 27,1866; Atm. Chm. Phya., (4), 8.836,1866; (6), 12.34,1877; Amer. Joum. Science^ 
^ 266, 1867; H. Muraoka, Ueber daa galvaniaehe Verhalten der KMe, Straasburg, 1881; 
WhA. Ann., 18. 307, 1881; J. Bewar, Proc. Boy. Soc., 70. 237, 1602; J. Moackmann, 44. 




INORGANIC AND THEORETICAL CHEMISTRY 


m 

220,1888: J. J%, Trana. Hoy. 8oe. DwWin, (2), 6. 283, 1896; W. C. ROntgen, SUzber. Akad. 
MmncJun, 381,1912. 

** W. G. Mixter, Amer. Joum. Seienctt (4), 19. 434, 1906; H. Violette, Ann. Chim. Phya.^ 

(3) , 291, 1863; H. Hecht, F. E. Ntumann'a Melhodf. zur Bestimmung der Wdrmleitunga- 

f&higkeit ac^cht UiUndtr K6rftr in Kugeh und WUrfeljorm ; nnd ihre Durehfflhrung an Marmott 
Qlaa^ Sandatein, Oypa aome Serpentin, Baaalt, Schmfel, Steinkohle, Konigsbei^, 1903; Ann. 
Phyaik, (4), 14. 1008,1904; F. E. Neumann, Ann. Chim. Pkya., (3), 66. 183, 1862; Phil. Mag.^ 

(4) , 25. 63.1863; W. Nusselt, Zail. Var. deut. /ng., 67.906,1006,1908; R. Weber, Arch. Seiencea 
Oenkve, (3), 33. 690, 1896; L. Cellier, Leitungavermogen der achwarzen Kokk /flr Wame und 
Elektricitdt, Zurich, 1896; Wied. Ann., 61. 611, 1897 ; D. Forb^, Trans. Edin. Roy. 8oc., 24. 
73, 1867 ; Proc. R^. 8oc. Edin., 8. 62, 1875; J. M. Ordway, Trans. Amer. Soc. Uech. Eng., 6. 
168, 18^; A. Artom, Atii Actad. Torino, 37. 667, 1902 ; R. S. Hutton and J. R. Beard, Tra?ta. 
Parody 8oc., 1. 1, 1906 ; 8. Wologdine, Bull. 8oc. Ind. Eat., 110. 821, 1908; Rev. M4/., 6. 767, 
1909; B. Pieech, jSifibcr. Akad. Wien, 102. 768, 1893; A. L. Queneau, Eleclrochem. Met. Ind., 
7. 383,433,1909 ; C. A. Hansen, ifc., 7. 614,1909; Trana. Aimt. Electroeheni. Soc., 16. 279,1909 ; 
H. Sjdrgen, (Efvera. Akad. F6rh. Stockholm, 4. 29, 1884; E. Jannetaz, Bull.'Soc. Min., 15. 926, 
1892 ; M. Icole, Ann. Chim. Phya., (8), 25. 137, 1912; Y. Tadokoro, Science Rep. Tohoku Univ., 
(1), 10. 330, 1(^1 ; H. Muraoka, lUber dea galmniaeke Verhalten der Kohle, Strossburg, 1881; 
Wied. Ann., 13. 307, 1881. 

» J. K. Pionchon, Cwnpl. Rend., 103. 1122,1866 ; H. V. Regnault, ib., 24.1081,1847; Ann. 
Chim. Phya., (4), 7. 460, 1866; P. A. Favre and J. T. Silbermann, tb., (3), 34. 367, 1862; (3), 
36. 6, 1862: Compt. Rend., 24. 1081, 1847; J. Violle, ib., 120. 868, 1896; H. le Chatelier, ib., 
116. 1051,1893; J. G. I’ammer, Monatah., 41. 467, 1920 ; L. Cellier, Wied. Ann., 61. 611,1897 ; 
L. Kunz, i4nn. Phyaik, (4), 14.309,1904; H. Kopp, Liebig's Ann. 8uppl., 3.1,289,1865; Liebig's 
Ann., 126. 362, 1863; 141. 121, 1867; P. J. van Kerckhoff, Arch. Eierl, 2. 280, 1867 ; A. Bet- 
tendorff and A. Wiillner, Pogg. Ann., 181. 293, 1867; H. P. Weber, ib., 147. 311, 1872; 154. 
367, 663, 1876; Programm Akad. Hohenheim, 56. 1, 1874; Arch. Seiencea Oenbve, (2), 44. 172, 
1872; (2), 54. 406, 1875; Phil. Mag., (4), 44. 251, 1872; (4), 49. 161, 276, 1876; J. Dewar, 
ib., (4), 44. 461, 1872 ; Proc. Roy. Soc., 76. A, 326, 1906 ; h. Kunz, .4nn. Phyaik, (4), 14. 309, 
1904 : A. Wigand, t6., (4), 22. 64,1907 ; D. 1. Mendel^efT, Her., 2. 662,1869 ; K. Pusohl, 8itd>er. 
Akad. Wien, 60. 142, 1874; G. Schmidt, ib., 52. 417, 1866; C. E. Carbonelli,i8oe. 

2. 1,1892; Qazz. Chim. Ital., 22.123, 1892 ; F. Marcet and A. A. de la Rive, Bihl. Univ. Qenhve, 
82. 349, 1841; Ann. Chim. Phya., (3), 2. 121, 1841; G. N. Iiewis and G. E. Gibson, Joum. 
Amer. Chem. Soc., 39. 2564, 1917 ; G. N. Lewis, G. E. Gibson, and W. M. Latimer, t6., 44. 
1008, 1922; W. R. Mott, Trana. Amer. Eleclrochem. Soc., 34. 255,1918; W. Nemst, F. Koref, 
and F. A. Lindemann, Sitzber. Akad. Berlin, 247, 1910 ; W. Nemst and F. A. Lindemann, ib., 
494,1011; Zeit. Elektrochem,, 17. 817,1911; W. Nemst, ib., 17. 266,1911; Sitzber. Akad. Berlin, 
262, 1910; 306, 1911; Ann. Phyaik, (4), 36. 395, 1911; G. Ewald, ib., (4), 44. 1213, 1914; 
A. Magnus, ib., (4), 70.303,1923 ; F. Koref, ib., (4), 36. 49,1911; W. Spring, Ann. Chim. Phya., 
(6), 7. 214,1876; J. Monckman, Proc. Roy. Soc., 44. 220, 1888; Y. Tadokoro, Science Rep. 
Tohoku Univ., (1), 10.339, 1921. 

J. Violle, Compt. Rend., 120. 868, 1896; W. Crookes, Proc. Roy. Soc., 76. A, 458, 1906; 
R. Sohenok, Zeit. Elektrochem., 12, 218, 1006; R. Sohenck and W. Heller, Ber., 38. 2132, 2139, 
1006; A. von Weinberg, ib., 52. 1601, 1019; M. Padoa, Oazz. Chim. Ital., 51. ii, 239, 1921; 

A. Konig, Zeit. Elektrochem., 12. 441, 1906; C. Doelter, Sitzber. Akad. Wien, 120. 61, 1911; 
H. Moissan, Le four ilectrique, Paris, 169, 1897 ; A. Smithells, Phil. Mag., (6), 1. 476, 1901; 
K. Fajans, Ser., 58. B, 643, 1920 ; 55, B, 2826, 1922; Zeit. Phyaik, 1. 101, 1920; H. Kohn, 
ib., 3. T43, 1920 : E. Griineisen, Verh. deut. phya. Qea., 14. 324, 1912 ; Ann. Phyaik, (4), 55. 377, 
1918; A. Thiel and K Bitter, ZeU. anorg. Chem., 132, 125, 163, 1923; A. Thiel, Ber., 55, 
2844, 1922 ; 0. Lummer, Vefiiilaaigung der KoMe und HerateUung der Sonnentemperalur, Braun- 
•ohweig, 1914; H. Kohn, Ze%t. Phyaik, 8. 143, 1920; H. Kohn and M. Guokel, Naturwiaa., 12. 
139, 1924; J. J. van Laar, Proc. Acad. Amsterdam, 18. 1220, 1916 ; 20. 138, 492, 1918; 
W. R. Mott, Trana. Amer. Eleclrochem. Soc., 34. 665, 1918; J. A. M. van Liempt, Zeff. anorg. 
CA<m.,115.218,1921; P. Wibaut, Ree. Trav. Chim. Paya-Baa, 41,463,1922, E. Podszus, Verh. deut. 
^ya. Qea., 21, 284, 1919; R. Sohenck, H. Semiller, and V.Faieke,»6.,40,1704,1907; V. Faloke, 
ib., 46,743,1913; F. Ritter, Unterauchungen Uber die Verdampfung dea Kohlenatoffa, Marburg^ 1923. 

P. A- Favre and J. T. SUbermann, Compt. Rend., 20.1666,1846 ; 21. 944,1845 ; 24. 1081, 
1847 ; Ann. Chim. Phya., (3), 34. 367, 1852; 0. M. Despretz, ib., (2), 37. 180, 1828; (3). 86. 5, 
1862; M. Bertheiot and P. Petit,.»6., (6), 17. 80,1880 ; Compt. Rend., 108.1144,1889; M. Ber- 
thelot uid P. Vieille, ib., 00. lOO/, 1884; J. VioUe, *6., 120. 868, 1896; P. L. Dulong, ib., 7. 
871, 1838: T. Andrews, B..4. Rep., 68, 1849; Chem. Qaz., 7. 407, 1849; Phil. Mag., (3), 82. 
321,426,1848; W. A. Roth and H. Wallasch, Zeit. Elektrochem., 21.1,1916; Ber., 46. 896,1913; 
N.I.NiJdtin,Jottfn.BMs. PAy4.(7Aem.Boe.,48.64,1916; P Poch.ilnal.Boe.B4|Hin.Fis.Gum.,21. 
291,1923; M. Copisaroff, Journ. Amer. ClUm. Soc., 48.1870, 1921; A. von Weinberg, 53. B, 
1847, 1356, 1619, 1920 ; A. Thiel, ib., 58. B, 1378, 1920 ; 55. B, 2844,1922; W. HUokel, Jowm 
pr^. Chem., (2), 108,241,1921; Ber., 58. B, 1277.1920; 56. B, 2839,1922; H. J. Prins, ib., 66. 

B, 3437, 1922; Joum. prakt. Chem., (2). 89. 414, 426, 1914; Chem. WeeMd., 14. 932, 1917 
D. Konovflloff, Joum. Chem. Soc., 12^ 2184, 1923; E. Petersen, Zeit.phya. Chm.,S, 601, 1881; 
A. L. Lavoisier and P. S. de Lapl^ie, Mim. Acad., 366, 1780; J. Thomsen, Ber., 5. 608, 1872; 
6. 1636, 1873; Zed. phya. Chem., 1. 369, 1887; Thermoehemiacke Unterauchungen, Leipzig, 2, 



CARBON 


786 


284,1882; J. C. Thomllnson, Chem. Ntm, 23.37,1906 ; P. Chappius, Witd. /( k »., 19. 21, 1883 i 
W. 0. UUter, Amer. Joum. Science, (4), 19. 434, 1908 ; W. OstwsM, Lekrbxrh dec a/feemcinen 
Chemie, Leipzig, 2. i, 171, 1903; L. Graasi, Journ. Pharm. Chin., (3), 8. 170, 1843; K. Fnjane, 
Ber., 63. B, 643, 1920 ; 65. B, 2826, 1922; Zeil. phys. Chem., 99. 396, 1921; Zeit. Physik, 1. 
101, 1920 i H. Kohn, ib.. 3. 141, 1920; W. Swientoslawsky, Roctniki Ckemji, 1. 305, 1921 j 
W. H. and W. L. Bragg, Proc. Boy. Soc., 89. A, 277, 1913 ; F. 0. H. Binder, Chem. Zig., 46. 141, 
477, 1114, 1921; Wanm KSUe Techn., 25, 21, 1923; D. Aufh&nser, Feuerungetwhmk, 11,177„ 
1923; M. Padoa, flaw. Chim. Ital., 81. ii, 239, 1921 ; A. L. von Stoiger, Ber., 63. B, 686, 1786, 
1920; 65. B, 1968, 1922; W. A. Roth and H. Wallaach, ib., 46. 890, 1913 ; K. von Auwem, 
ib., 64. B, 3188, 1921; 58. B, 69, 1923 ; J. P. Wibaut, Bee. Trav. Chim. Pays-Baa, 41. 96, 441, 
1922; H. Beutler, Zeit. anorj. CAera., 120. 24, 31, 1921; M. Polanyi, Zeit. Phyaik, 3. 31, 1920 ; 
P. Kirchhof, Chem. Zlg.,iS. 113,1924. 

*• H. Fizeau, Compl. Send.,60.1161,1866 ; 62.1133,1866 ; Ann. Chim. Phya., (4),8.334,1806; 
J. C. Jamin, *5., (3),^. 263, 1860; .1. Beoquorel, *6., (5), 12.6,1877 ; Compl. Send., 84.211,1877 : 
P. Qaubert, ib., 177, 1123, 1923; F. J. Arago, ib., 16. 97, 1843 ; A. dee Cloizeaux, Uuniul de 
miniralogie, Paris, 19, 1874; Ann. Chim. Phya., (3), 14. 301, 1846; Nouvellea recherchea aur 
leapTopriitia opliquea dea criataux, Paris, 617, 1867 ; 1). Brewster, Phil. Trana., 106.31,1815; 106. 
167,1816; 108. 266, 1818; Trana. Boy. Soc. Edin., 8. 160,1817 ; 23.41,1864; Edin. Phil. Journ., 
3. 98,1820 ; Phil. Mag., (3), 7. 246, 1836; (4), 3. 284, 1862 ; (4), 26. 174, 1863; B.A. Rep., 41, 
1882; B. W. Wood, ib., (6), 1. 406, 1901; B. Walter, Wied. Ann., 42. 606, 1891; Jahrb. wiaa. 
Anat. Hamburg, 8, 1890; P. Peter, Zeit. Phyaik, 16.358,1923; E. Wiiliing, Tachermak'a Milt., (2), 
16. 360, 1896 ; J. Dale, B.A. Rep., 5,1846; Amer. Journ. Scienct, (2), 3.262, 1847 ; A. Sella, AUi 
Accad. Lincei, (4), 7. ii, 300,1891; R. Brauns, Die opiiachen Anomalien der Kryatalle, Imipzig, 176, 
1891; E. Boutan, Le diamani, Paris, 1886; R. Pobl, Phya. Zeit., 21. 628, 1920; J. MaeCullagh, 
Proc. Iriah Acad., 1. 27, 1838; Pogg. Ann., 44. 644, 1838; E. Mallard, Bull. Sac. Min., 2. 130, 
1879 ; 6. 241, 1882; E. Jannetaz, ib., 2. 124, 1879 ; E. Cohen, Ncuea Jahrb. Min., 763, 1876 ; 
i, 177, 1882; A. Sohrauf, ib., ii, 411, 1886; Pogg. Ann., 126. 177, 1865; 127. 176, 344, 1866; 
133. 479, 1868; Siteber. Akad. Wien, 41. 776, I860 ; 62. 176, 1865; Wied. Ann., 22. 424, 1884 ; 
A. Weiss, Sitzber. Akad. Wien, 39. 862,1860; W. Hosieky, ab., 78. 417, 1879 ; J. Beekenkanip, 
Zeit. Kryat., 22. 176, 1894 ; J. Hirschwald, ib., 1. 212, 1877 ; W. Haidinger, Uandbuch der healim- 
menden Mineralagie, Wien, 353, 1846; A. Rochon, Journ. Phya., 63. 169, 1801 ; 72. 319, 1811; 
J. F. W. Hersehel, Edin. Journ. Science, 10. 296, 1829 ; M. Tri'court and U. Oberhausen Compl. 
Bend., 6. 038,1837 ; Pogg. Ann., 43. 242,1838; A. llaagon, ib., 181.117, 1867 ; H. C. Borby and 
P. J. Butler, Proc. Boy. Soc., 17. 291, 1809; P. Groth, Phyaikaliache Kryatallagraphie, l/iipzig, 
29,1896; J. H. Gladstone, Chem. Newa, 42. 076,1880 ; 66. 300, 1887 ; 67. 94, 1893 ; Proc. Bay. 
Soc., 18. 49, 1870 ; 31. 327, 1881; 42. 401, 1893 ; H. Dufet, Journ. Phya., (2), 4. 477, 1886 ; 

H. Moissan, Becherchea aur l^ dijfireniea variitia de carbone, Paris, 1896 ; P, de la Provostaye and 

P. Uesaina, Compt. Bend., 38. 444, 1862 ; Ann. Chim. Phya., (3), 84. 192, 1862 ; M. Melloni, ib., 
(3), 141, 1848; J. W. Bruhl, Liebig'a Ann., 203. 1, 1887; Zeit. phya. Chem., 1. 307, 1887; 

Per., 13. 1119, 1880 ; 20.2288,1887; J. Traube, ib., 30. 39, 1897 ; H.H. Landolt, ib., 15. 1031, 
1882 ; Liebig’a Ann., 213. 76, 1882; Sitzber. Akad. Berlin, 64, 1882 ; J. Amar, Compl. Bend., 
144. 260, 1907 ; W. W. Coblentz, Phya. Zeit., 8. 86, 1907 ; Bull. Bur. Standarda, 7. 198, 1911; 
Inveatigationa of Infra-red Spectra, Washington, 4. 94, 1906 ; Journ. Franklin Inat., 170. 169, 
1910 ; B. Gudden and R. Pohl, Zeit. tech. Phyaik, 3. 199, 1922; Zeit. Phyaik, 3. 123, 1920; 16, 
170, 1923 ; E. Asohkiuass, Ann. Phyaik, (4), 18. 373, 1906; R. Nasini, Atti Accad. Lincei, (4), 

I. 878,1886; M. Zeoohini, (5), 1. ii, 180,1892 ; P. Gaubert, Compl. Rend., 177. 112.3, 1923. 

F. Haber, Verb. deut. phya. Oea, 13.1122,1911. • 

E. Rutherford and J. Chadwick, Nature, 107. 41, 1921. * 

“ B, i^yle, An eaaay about the origin and virluea of gema, London, 1672; P. Htffnianu, 
Dememalrationea phyaicce curioace experimentia el obaervatianibua mechanicia ac chymkia Uluatratac, 
Magdeburg, 1700; J. WaU, Phil. Trana., 26. 69,1708; T. Wedgwood, ib., 82. 28,1792; G. F. du 
Fay, Hiat. Acad. Park, 1,1736; Mim. Acad., 347, 1738; J. B. Becoari, Comment. Bonon., 1.274, 
1746: M. de Grosser, Phoaphoreaceniia adamalum noins ezperimenlts iUuatrala, Vienna), 1777: 
A. H. Compton, PhU. Mag., (6), 46, 897, 1923; G. le Bon, Bev. Scknl., (4), 14. 260, 1894; 

J. P. Daubuisson, Joum. Phya., 64. 414, 1802 ; 66. 60, 1802; J. P. Dessaignes, ib., 74. 101, 
173, 1812; J. Bernoulli and J[. Cassini, Hiat. Acad. Paris, 1, 1707; P. Riess, Pogg. Ann., 04. 
334, 1846; T. J. Pearsall, ib., 20. 262, 1830; J. Schneider, ib., 96. 282, 1866; M. Chaumot, 
Compl. Bend., 184. 1139, 1902; G. Halphen, ib., 02. 1036, 1866; H. Becquerel, ib., 199. 
912, 1899; H. Moissan, ib., 124. 663, 1897; P. Sacerdoto, 149. 993, 1909; J. H. Glad- 
Btone, B.A. Rep., 69, 1860; Chem. Newa, 86. 176, 190f; 0. Rosenheim, ib., 86. 247, 
1902; G..F. Kunz and C. Baskerviile, ib., 89. 1, 1904; C. Baskervflle and L. B. Lockhart, 
Amer. Joum. Science, (4), 20. 96, 1906; G. F. Kunz, Science, (1), 8. 649, 1884; Nalurwiaa. 
Bund., 8. 400, 1891; Proc. Amer. Acad., 10. 60, 1891; 14. 260, 1894; L. Becker, hieiKs 
Jahrb. Min., 844, 1849; A. M. Edwards, La Nature, 12. 383, 1884; W. Crookes, Ohem, 
Newa, 48. 237, 1881; 47. 26, 1883 ; 74, 39,1896; Phil. Trana., 170. 136,641, 1879; 174. 891, 
1883; Proc. Boy. Soc., 32. 206,1881; 86. 262,1883 ; 74,47, 1906; W. Marckwald, ghem. Ztg., 
26. 896, 1902; P. Heinrich, Die Phoaphoreaceni der Kdrper nach alien VmMnden unlettutM 
und erUMert, Niimberg, 18%; E. Becquerel, Ann. Chim. Phya., (3), 66. 89,1869; (3), 57. 62, 
1869; (3), 57. 62, 1869; (3), 62. 67, 1861; Compt. Bend., 63. 142, 1866; A. Msyite, ib., 149. 
994, 1909; E. H. Knitb, Phya. Rev., (2), 17. 628, 1921; (2), 16.99, 461, 1922 1 C. W. HeVlett, 

V0l» V. • * 3 * 



786 INORGANIC AND THEORETICAL CHEMISTRY 

ib., (2), 17. 284, 1921; (2), 19. 207, 1922; (2), 20. 088, 1922; (2), 21. 477, 1923; 

E. G. Taylor, ib., (2), 20. 709, 1922; E. Richtmyer, it., (2), 17. 264,1921; (2), 18.13,1921; 
(2), 21. 478, 1923; A. B. Olson, £. Ocrshem, and H. H. Storch, ib., (2), 21. 30, 1923; 
A. H. Compton, Fhyi. Rev., (2), 22, 410, 1923; S. C. Lind and I). C. Bardwell, Jmrn. Franklin 
Irut., 196,521, 1923; Min. Mag., 8, 201,1923; J. C. McLennan and M. L. Clark, Proc. Roy. Soc., 
102. A, 389, 1923; F. L. MohlerandP. D. Foote, Joum. Waehington Acad. Science, 11.273, 1921; 

. K. A. Millikan, Ailrophys. Joum., 62. 47, 1920; A. Miethe, Ann. Physik, (4), 19. 633, 1906; 

H. Landrin, Diclionnaire de mMralogie, de geologie, et de mitallurgie, Faria, 1862; C. Doelter, 
Mae Radium und die Parhen, Ureaden, 1910 ; Neuee Jahrb. Min., i, 87, 1896; Oesler. Chem. Ztg., 
12. 32,1909 ; Monatsh., 29. 1149, 1908 ; 30. 180, 1909 ; K. Keilhack, ZeU. dent. ged. flea., 60. 
131, 1898; E. Newbery and H. Lupton, Mem. Proc. Manchester Lit. Phil. Soc., 62. 10, 1918; 
A. L. Hughes, Phil. Mag., (0), 43. 146, 1922 ; 0. W. Kichardaon and C. B. Bazzoni, ib., (6), 
42. 1016,1921; P. I. Lukiraky, ib., (6), 47, 406, 1924; J. Holtzmark, Phye. ZeU., 23. 262,1922 ; 

C. W. Hewlett, Phya. Rev., (2), 19. 296,1922 ; J. A. Becker, ib., (2), 20. 115, 134, 1922 ; (2), 22, 
320, 1923; Ann, Physik, (4), 67. 428, 1922 ; B, Gudden and B. Pohl, Zeil. tech. Phyaik, 3. 199 
1922; Zeit. Phyaik. 3. 123, 1920; 16. 170, 1923; P. A. Rosa, Phya. Rev.,'12), 28. 290, 1924; 
8. J. M. Allen, ib., (2), 23. 291, 1924. 

““ G. A. Hemsalech, Compt. Rend., 169,915, 1034, 1919; J. E. P. Wagatalf, Phil. Mag., (6), 

47. 84, 1924 "V • \ i, 

•' W. H. Wollaston, Phil. Trana., 92. 366,1802; J. Fraunhofer, Oilbert'a Ann., 74.337,1823; 
J. F. W. Heraohel, Trana. Roy. Soc. Min., 9. 446, 1823; H. F. Talbot, Phil. Mag., (3), 4. 112, 
1834; J. W. Draper, ib., (3), 32. 100, 1848; A. Masson, Ann. Chim. Phya., (3), 31. 296, 1861; 

D. Alter, Amer. Journ. Science, (2), 18. 66, 1864 ; A. Matthieasen, Cotnpt. Rend., 16. 1081, 1843; 

F. von Wredo, Pogg. Ann., 33. 363,1834. 

W. Swan, Trans. Roy. Soc. Edin., 21. 411, 1867 ; H. C. Dibbita, De Speclraal-analyae, 
Botterdam, 179, 1863 ; R. ThalOn, Nova Acta Up.sala, (3), 12. 1, 1884 ; Ont Spectranalya, Upsala, 
1866; A. J. Angstrom, Pogg. Ann., 144. 300, 1871; A. J. Angstrom and K. ThalOn, Nova Acta 
Vpaala, (3), 9. 6, 1876 ; K. Angstrom, Phya. Rev., (1), 3. 137,1896; B. Fortrat, Arch. Sciences 
(Jenive, (4), 31. 660, 1911; F. Brasack, Abhand. Nat. (Jea. Halle, 10, 1866 ; W. M. Watts, Phil. 
Mag., (4), 84. 437, 1807; (4), 88. 249, 1869 ; (4), 40. 100, 1870; (4), 41. 12, 1871; (4), 48. 369, 
466,1874; (4), 49. 104, 1876; Chem. Neu-a, 21. 80, 1870 ; 22. 172, 1870 ; B.A. Rep., 44, 1870 ; 
QuaH. itmm. Science, 8.1,1871; Nature, 23.197,266,361,1881; W. M. Watts and H. M. Wilkin¬ 
son, PhU. Mag., (6), 12. 681, 1906; J. Trowbridge and C. C. Hutchins, ib., (6), 24. 310, 1887 ; 
Amer. Joum. Science, (3), 34. 345, 1887 ; J. Trowbridge, (4), 12. 310, 1910 ; J. E. Petavol and 
R. S. Hutton, »6., (6), 6. 669, 1903; W, A. Bone and D. 8. Jerdan, Joum. Chem. Soc., 71. 41, 
1897; G, G. Stokes, Proc. Chem. Soc., 8. 22, 1892; Mathemilical atul Physical Papers, 5. 235, 
1906; A. Lielegg, Sitzber. Akad. Wien, 56. 163, 1867 ; 57. 693, 1868 ; G. L. Ciamician, ib., 79. 

8, 1879 ; 82. 426, 1880 ; J. M. Eder, tb., 94. 76, 1886 : Denks. Akad. )Vien, 57. 631, 1890 ; 60. 

I. 1893; Zeit. phya. Chem., 19. 20, 1896; C. Bohn, ib., 18. 219, 1895; G. J. Burch, Nature, 
35. 166, 1886; J. M. Eder and E. Valenta, Denks. Akad. Wien, 60. 241, 1893; 67. 483, 
1899; Atlas typiacher Speklren, Wien, 19il; F. Ezner and E. Haschek, Sitt^er, Akad. 
Wien, 106. 3.37, 1897 ; Tabellen der Funkenapectra, Wien, 1902; Tabellen der Bogenspectra, 
Wien, 1904; H. Lehmann, Die ultrarothen Spectren der Alcalien, Freiburg i. Br., 73, 1899 ; 

J. Loos, Ueber Wellenldngen und Oeaetztndsaigkeiten in den Uauptbanden des aogenannten 
Kohletm-ydbandenspeclruma, Bonn, 1903; Zeit. wisa. Photochem., 1. 161, 1903; F. Jungbluth, 

, ib., 2. 89, 1904; Ueber Qeaetzmdaaigkeiten und EigentkUmlichkeiten in der Structur der drUten 
Cyaninindengmppe, Bonn, 1904 ; 0. H. Hindrichs, Ueber Meaaungen und Qeaetzmaasigkeiten in 
der vierten Kohknbamk, Bonn, 1904; H, Herman, Meaaung der Wellenldngen rother Linien in 
einigen Vogenapectren, Tubingen, 1904; Ann. Phyaik, (4), 16. 684, 1906; J. Leinen, Die Theorie 
Thiele’a Uber die Structur der Banden gepr&fl an der dritten Kohlebande, Bonn, 1906; Zeil. wise. 
Photochem., 3. 137, 1906; A. Bergmann, ib., 6. 113, 145, 1908; Beitrdge zur Kenntnias der 
uUraivthen Emiaaionaapeclren dee Alcalien, Jena, 1907 ; G. Oehlhofl, Ueber Kalhodengefalk und 
Spectren einiger zuaammengesetzter Ouse, Berlin, 1907; Ann. Phyaik, (4), 24. 663, 1907; 
A. Kratzer, ib., (4), 67. 127, 1922; E. Hulthdn, ib., (4), 71. 41, 1923; J. Haferkamp, Das 
IrUtnaildtaminimum der Cyanbandettgruppe, 3, 3883, 668, Bonn, 1909; Zeit. wiaa. Photochem., 

9, 10, 1911; H. Kayser, Handbuch der Spectroacopie, l.«ipzig. 5. 190, 1910; B. Komp, Die 
^«e Kohlenbande,_ h=S6M, Leipzig, 1911; Zeil. wiaa. Photochem., 10. 117, 1912 ; P. Wolter, 
ib.,' 9. 861, 1911; Uber die ultraviotettSn Banden dea Kohlenoaydapecktmma, Leipzig, 1911; 
H. Kooh, Die Abaorplion apektrvfn dea Aniline im Ultravioletlen, Heidelberg, 1911; Zeil. wiaa. 
Photochem., 9. 400, 191^ ; W. Mies, ib., 7. 367, 1909; Das Abaorptioneapektrum dea Paraxylola 
im Ultravioletlen, Bonn, 1909; L. Grebe, Ueber Absorption der Dampje dea Benzols und einiger 
Miner Derivale im OTtraeioleW, Bonn, 1006; Zeil. wiaa. Photochem., 9. 130, 1910; E. Dickson, 
ib., 10.166,1911; Ueber die ultraviolette Fluoreazenz dea Benzols und einiger seiner Derivaie, Bonn, 
1911; A. Shuster and H. K. Boscoe, Proc. Manchester Phil. Soc., 19.46,1880; Mem. Manchester 
Phil. Soe., (3), 7. 80, 1882; A. Schuster, Proc. Cambridge Phil. Soc., 8. 67, 1877; B.A. Rep., 
268,1880; Proc. Roy. Soc., 37.317,1884; J, R. Merton and B. C. Johnson, ib., KB. A, 383,1923; 

, Lord Rayleigh, ib., 102. A, 463, 1922; F. Simeon, ib., 102. A, 484, 1922; 104. A, 368, 1923; 
J. N. Lookyer, ib., 27. 308, 1878 ; 80. 336, 461, 1880; Nature, 22. 4, 309, 662, 1880; J. Dewar, 
Proc. Boy. Inst., 9. 674, 1882 ; Proc. Roy. Soc., 29. 188, 1879 ; 30. 86, 1880; G. D. Liveing and 
J. Dewar, ib., 30.162,490,494,1880 3,403,1882 ; 34.119, 123,418, 1882 ; 49. 217,1891; 



CARBON 


787 


Phil. Tratu., 174. 187. 1883 j Xatun, 22. 620, 1880 ; 0. I), laveing, i6., 23. 338, 1881; Pm. 
Cambridge. Phil. 8oc.. 12. 337, 1604; J. £. Purvia, Proc. Cambridge Phil. Soe., 21. 780, 1623; 
W. Spottiawoode, Pm. Bog. Hoc., 30. 173,1880; J. J. Thomson, <6., 68. 244,1883; K. E. Brooks, 
t(., 80. A, 218,1808; B. J. Strutt, > 6 ., 86. A, 116,1612; A. Fowler and U. Show, <!>., 86. A, 118, 
1612; A. Fowler, Proc. Boy. 8oc., 106. A, 268,1924; Jstrophye. )oum., 36.88,1612; W. H. Bair, 
ib., 62. 301,1620; A. de la Baume-Pluvinel and F. Baldet, Compt. Betid., 147. 666,1608 ; 148. 
762, 1910 ; S. Procopiu, ib., 176. 386, 1623 ; A. Perot, t&., 170. 688, 1620 ; B. Hasaelberg, Mdm. 
Acad. Si. PeUreburg, (7), 28. 2, 1880; (7). 30. 7, 1882; (7). 31. 7, 1883 ; L. PucciantT, Nuovo 
CimetUo, (6), 13. 269, 1907 ; Phye. Zeit., B 463, 1907 ; C. C. voii Wesendonck, Onterevchimgen 
bber die Spectra der Kohlenvcrbindangen, Berlin, 1881; Wied. Ann., 17. 427, 1882 ; Phye. Zeit., 
9. 161, 1908; Nature, 64. 29, 1901; Siteber. Akad. Berlin, 761, 1880; H. W. Vogel, ib., 623, 
1888; H. Kayser and C. Bunge, ib., 46, 1886 ; H. Bubens and A. Aachkinaas, ib., 64.584,1808 ; 
W. H. Julius, Vie Lichl und Warmeetrahlung verbrannter Oaee, Berlin, 1860 ; Arch. Nierl., (1), 


22. 310,1888; W. J. H. Moll, ib., (2), 13. 100, 1608; Ondersoek van altra-roade Spectra, Utreiht, 
1607 ; H. A. Bowlajid, -4slron. Aetrophye., 12. 321, 1863 ; E. P. Lewis and K. S. Ferry, ib., 13. 
747,1894; T. Lyman, Pm. Amer. Acad., 46. 316,1910 ; H. Crew und 0. H. Baaquin, Asirophye. 
Journ., 2.103,1896; H. S. Uhler and B. A. Patterson, tb., 42. 434, 1616; B. T. Birge, ib„ 46. 86, 
1617 ; 66. 273,1922; 69.46,1024 ; PAya. Bee.,(2), 18.360,1619 ; (2),21.712,1623 : E.d.Kemble, 
ib., (2), 21.713,1623 ; C. F. Meyer and D. W. Bronek, ib., (2), 21.712,1923 ; W. H. Bair, ib., (2), 
16. 493, 1920; J. M. Hyatt, ib., (2), 19. 301, 1923; J. W. Ellis, ib., (2), 19. 646,1622; H. Crew 
and J. 0. Baker, Aetrophye. Jtmrn., 18. 61, 1902 ; H. Crew and B. J. Spence, ib., 22. 166, 1606; 
P. Lewis, ib., 18. 122, 1902 ; W. B. Huff, ib., 18. 27, 1902; Pm. Nat. .icad. Scienree, 7. 289, 
1921; B. A. Millikan, 1. S. Bowen, and B. A. Sawyer, ib., 53. 160, 1921 ; R. A. Millikan and 

I. S. Bowen, Phye. Bee., (2), 23. 1, 1924; B. A. Millikan, Aetrophye. Journ., 62.47,1920; .1. Hurt, 
mann, ib., 18. 66, 1903; T. Lyman, ib., 27. 87, 1908; W. J. Humphreys, ib., 8. 169, 1897 ; 
C. Bunge, ib., 10. 73, 1899; A. S. King, ib., 14. 323, 1901 : Ann. Phyeik, (4), 7. 791, 
1902 ; H. Koneu, ib., (4), 9. 741, 1902 ; G. Berndt, i6., (4), 8. 626,1902; M. la Boaa. ib., (4), 29. 
249, 1909 ; F. Braun, ib., (4), 17. 369,1906; A. L. Foley, Phye. Bev., (1), 5.129, 1897 ; W. Biti, 
Le Badium, 8. 177, 1911; Arch. Sciences Oenh-r, (4), 82. 491, 1911; J. Halm, Trans. Boy. Soc. 
Edin., (3), 41. 661,1905; J. N. Collie, Journ. Chem. Soc., 79.1063,1901 ; M. la Rosa, Alii Accad. 
Lincei, (5), 17. i, 200, 1908; H. Konen and H. Finger, Zeit. F.lektmhem., 16. 166. 1609; 
W. Crookes, Phil. Trane., 172. 387, 1881; Chem. News, 9. 136, 1864; G. J. Snelus, ib., 24. 189, 
1871; W. M. Wilbaraa, ib., 24. 174, 1871 ; H. Nagaoka, Proc. Phye. Math. Soc.. Japan, 6. 36, 
1923 ; M. Berthclot and F. Richard, Compt. Bend., 68.1646, 1809 ; L. Troost and P. Hautefenille, 
ib., 73. 620, 1871 : A. do Gramont, ib., 125. 172, 238, 1897 ; 134. 1206, 1902 ; 146. 1260, 1908; 
Bull. Soc. Chim., (3), 19. 648, 661, 1898; Bull. Soc. Min., 21. 94, 1898; A. de Gramont and 
M. Hrecq, Compt. Bend., 160. 1236, 1910 ; F. Croze, ib., 150. 1672, 1910 ; E. Villari, Bend. let. 
Lombardo, (2), 3. 694, 1870; C. P. Smyth, Astron. Obs. Edin., 13. 86, 1871; Phil. Mag., (4), 
49. 24, 1876; (5), 8. 107, 1879; Nature, 20. 76, 1879 ; 29. 340, 1883; Chem. News, 89. 146, 
166, 188, 1879; Boy. Scot. Soc. Arts, 10. 228, 1883 ; Trane. Boy. Soc. Euin., 32. 416, 1887; 
C. P. Smyth and A. S. Herschel, >A., 30. 93, 1882; A. ,S. Herachel, Nature, 16. 22, 1877 ; 22. 
320, 1880 ; W. W. Coblentz, Phye. Zeit, 9. 60, 1908 ; Phye. Bev., (1), 20. 122, 396, 1901; (1), 
22. 1, 1906; E. R. Drew, tb., (1), 21. 122, 1906; B. von Lengyel, Lit. Ber. Ungartt, 8. 177, 
1878; W. N. Hartley, Journ. Chem. Soc., 41. 84, 1882; Trans. Boy. Soc. Dublin, (2), 1. 231, 
1883; Phil. Trans., 176. 49, 1884; 186. A, 101, 1894 ; 208. A, 476, 1909; Phil. Mag., (6), 
81. 369, 1891 ; Proc. Boy. Soc., 64. 6, 1893 ; 66. 344, 1894 ; 60. 216, 1896 ; 61. 217, 1897; 
Pm. Boy. Soc. Dublin, (2), 9. 289,1900 ; Nature, 64. 64, 1904; W. N. Hartley and H. W.^oas, 
Proc. Boy. Soc., 87. A, 38, 1912; J. Okubo, Science Bep. Tohoku Umv., 11. 66. 1922; 
W. Grotrian and C. Bunge, Phye. Zeit, 15.745,1914 ; A. Kratzer, ib., 22.662,1921; W. N. Hart¬ 
ley and W. E. Adeney, Phil. 'Trans., 176. 03, 1884; M. Tiotz, Beilrag zur Ke.nnlniss der Spek- 
trams der Kohlenstojfee und seiner Yerbindungen, Leipzig, 1894; C. Fievez, Mim. Acad.* Belg., 
47. 3, 1886; Bull. Acad. Belg., (3), 14.100,1887; A. Hagenbaeh, WuUners Festschrift, 128, 1906; 
A. Hagenbaeh and H. Konen, Atlas der Emissionsspectra, Jena, 1906; V. Meyer and C. Lunger, 
Pymhemische Untersuchungen, Braunschweig, 61, 1886; H. St. C. Deville, Compt. Bend., 46. 
873, 1864; V. Henri, ib., 174. 809, 1922; Journ. Phye. Bad., 8. 181, 1922; F. W. Klingstedt, 
Compt. Bend., 174.812,1922; W, H, Fulweiler and .L Barnes, Journ. Franklin Inst., 194.83,1022; 
F. Muller, Zeit wis". Photochem., 22. 1, 1922; V. Henri and P. Steiner, Compt. Bend., 176.421, 
1922; R. Fortrat, Ann. PAifS.,S.282,1916; 19.81,1923; L.doBoisbandran, .SperIre*lumineM, 
Paris, 1874; J. Plucker, Pogg. Ann., 106. 67, 1868; 107. 407, 038, 1869; J, Plucker and 

J. W. Hittorf, Phil. Trans., iS6. 1, 1866; V. 8. M. van der Willigen, Pogg. Ann., 106.610, 1869; 
107. 473, 1869; B. T. Simmler, ib., 116. 242, 426, 1802; A. MitaeherUeh, ib., 121. 469, 1864; 
A. WUllner, ib., 144. 481,1871: Wied. Ann., 14. 366,363,1881; 17. 687,1882 ; B. W. Snow, ib., 
47. 208, 1892 ; F. Himatedt and H. von Dcwhend, Phye. Zeit., 9. 862, 1908; C. Morren, Costt^, 
Bend.. 48. 342, 1869; 19. 667, 1801; 66. 61, 1862; Chem. News, 4. 302, 1861 ; Ann. Chm. 


(UmtiUairt de tpectroscopie, Paria, 180, 239, 1888; Ann. Chim. Phye., (4), 28. 6, 1873; 
F. Benevides, ib., (4), 28.368,1873; L. Thollon, ib., (5), 26. 287, 1882; 6'on.|d. 98. 200, 

1881; H. Deslandrw, it., 108. 378, 1886; 106. 842, 1888; 112. 061, 1891; 120. 1269, 1896; 



788 


INORGAMC AND THEORETICAL CHEMISTRY 

137.457, HK)3 ; 189.1174,1904; Jnn, Chim. Phys., (6). 16. 6, 1888; Joum. PAw,, (2), 10.276. 
1891; H. Deslandres and L. d’Azambuja, *6., 140. 917, 1906; J. Attfield, Phil, Moff-r (4), 49. 
106, 1876; Phil. Trans., i52. 221, 1862; Jottm. CAew. Poc., 16. 97,1863; CAem. ^enw, 9.166, 
1864; W. A. Miller, P/iil. Trans., 162. 801, 1802; W. Huggins, ib„ 154. 139, 1864; Phil. Mag., 
(4), 37. 460, 1809; A. Smithells, ib., (6), 1. 476, 1901; E. C. C. Baly and H. W. Syers, ib., (6), 
2. 386, 1901 ; A. M. Herbert, ib., (3), 202, 1902; G. A. Hemsaieob, Phil. Mag., (6), 89. 241, 
1920; E. F. Barker, Phys. Eev., (2), 19. 247, 1922; A. Secchi, C&mpt. Bend., 77. 173, 1873 ; 
Mem. Soc. Speltrose, Itnl., 2. 119, 1873; J. S. Stas, %b., 14. 55, 1885; J. C. McLennan and 
P. A. Petrie, Trans. Jiwf, Soc. Canada, 16. 16,1921; J. F. W. Herschel, Trans. Roy. Soc. Edin., 
9. 446,1823; H. F. Talbot, Phil. Mag., (3), 4.112,1834; A. Gouy, C(mpt. Rend., 84. 231,1877 ; 
J, Hariniann, Asirophys. Journ., 18. 05,1903 ; T. N. Thiele, ih., 8. 1,1898; W. Ritz, Phys. Zeit., 
9. 521, 1908; L. Kilchling, Zeit. mss. Phoiochem., 16. 293, 317, 1910; F. Cremer, ib., 10. 349, 
1912 ; H. B. Baker, Journ. Okem. Soc., 85. 612, 1894 ; 81. 400,1902 ; A. Kratzer, ZeU. Physik, 
28. 298,1924; W. C. Holmes, Joum. Amer. Chem. Soc., 46. 631, 1924; W. W. Shayer, Trans. 
Rcy. Soc. Canada, (3), 17. 131,1923. 

*• R. Boyle, An essay about the origin and virtues of gems, London, 1672; R. J. Haiiy, Traiti 
de minMogie, Paris, 8. 288, 1801 ; 4. 98, 1801; L. B. G. de Morveau, Ann. Chim. Phys., (1), 
81. 72, 328, 1799; Gilbert's Ann., 2.471, 1799; L. V. Brugnatelli, ib., 16. 91, 1804; Naude's 
Joum. Qalv., 2. 55, 1803; J. F. L. Hausmann and F. C. Henrici, Q6tt. Ver. Berg. Freunde, 4. 
217, 1838; Neues Jahrb. Min., 433, 1838; A. Avogadro, ArcA. Sciences Geneve, (1), 17. 314, 
1861 ; Mem. Acad. Torino, (2), 12, 39, 1860 ; W. G. Mixter, Amer. Joum. Science, (4), 19. 
1006; J. W. Howell, Trans. Amer. Inst, Elect. Eng., 14. 27, 1897 ; Electrician, 836, 1897 ; 
A. Franck, ZeU. angew. Chem., IS. 1733, 1906; J. Zellner, Die kUnstlichen KohUn, Berlin, 261, 
1903; F. von KoMl, Journ. prakt. Chem., (i), 60. 76, 1860 ; A. Matthiessen, Phil. Trans., IW. 
383, 1868; Pogij. Ann., 103. 428, 1858; G. Kirchhoff, ib., 100. 177, 1866 ; W. Beetz, ib., 111. 
119, 1800 ; Wied. Ann., 12. 66,1881; L. CelHer, ib., 61. 611, 1897; H. Muraoka, ib., 18. 307, 
1881; Vcherdas galvanische Verhalten der Kohle, Strassburg, 1881; H. Violette, Ann. Chim. 
Phys., (3), 89. 291, 1863; J. Harden, Eleciroiech. Zeit., 22. 684, IWl; K. Siebel, ZeU. Physik, 
4. 288, 1921; H. G. Martin, Chem. News, 86. 296, 1902; 87. 162, 1903; R. Kerrini, Nuovo 
Cimento, (3), 6. 63, 1879; A. Bartoli, ib., (3), 16. 203, 1884; A. Niccari and S. Pagliani, ih., 
(3), 7. J20, 1880 ; B. P. Thompson, Phil. Mag., (6). 18. 262, 1882 ; 0. W. Richardson, ib., (6), 
16. 740, 1908 ; J. A. Cunningham, ib., (6), 9. 193, 1906; H. Tomlinson, ib., (6), 22. 442, 1886 : 
J. A. Pollock and A. B. B. Ranclaud, Pkil. Mag., (6), 17. 360, 1909; J. A. Pollock, 
A. B. B. Ranclaud, and K. P. Norman, t6., (0), 18. 229, 1909; T. C. Mendenhall, ib., (5), 22. 368, 
1886 ; J. Dewar and J. A. Fleming, ib., (6), 32. 320, 1892; Lord Kelvin, ib., (0), 4. 117, 1902; 

W. Bridgman, Proc. Amer. Acad., 56. 61, 1921; K. Arndt and F. Komer, Zeit. angew. Chem., 
86. 440, 1922; Invesli{ialions of Infra-red Spectra, Washington, 4. 94, 1906; C. E. Williams, 
Trans. Amer. Electrochem. Soc., 42.181,1922 ; 8. BidweU, Proc. Roy. Soc., 36.1, ISSSi J. Monok- 
mann, ih., 44.220,1888 ; 0. A. Hausen, Electrochem. Met. Ind., 7.616,1909; Trans. Amer. Electro- 
chem. Soc., 15. 279, 1909 ; O. Boekmann, Wied. Ann., 23. 661, 1884 ; W. von Siemens, ib., 10. 
660, 1880; J. Borgmann, Joum. Russ. Phys. Chem. Soc., 9. 163, 1879; E. Aschkinass, Ann, 
Physik, (4), 18. 373, 1906; K. Badeker, ib., (4), 22. 740, 1907 ; D. E, Roberts, *6.. (4), 40. 466, 
1913; F. Streintz, Monatsh., 21. 461, 1900; Ann. Physik, (4), 3. 1, 1900; J. Konigsberger, 
Jahrb. Rad. Eleldron., 11. Ill, 1914; Ann. Physik, (4), 35. 37, 1911; Bcr. detU. phys. Qes., 5. 
386, 1907; 10. 277, 1912; J. Konigsberger and 0. ^ichenheim, Neues Jahrb. Min., ii, 20, 
1906; F. Auerbach, i6., 269, 1879; B. Pietscb, Sitrber. Akad. Wien, 102.768, 1893; R. von Hass- 
llngoi^ t6., *115. 1623, 1906; 0. Doelter, i&., 120. 1, 1911; H. von Wartenberg, Phys. Zeit., 
13. 1123* 1012; F. le Roy. Oompt. Rend., 126. 244, 1808; F. Lucas, ib., 98. 800, 1884; 
A. Artom, AUi Accad. Torino, 21. 475, 1902; F. Deininger, Ber. deut. phys. Qes., 6. 674, 
1907 J. Priestley, The History and Present State of ElectricUy, London, 613, 1794; E. Ryscb* 
kewitsob, Zeit. Elektrochem., 2§. 289, 527, 1922; K. Arndt and W. Fehse, ib., 28. 376, 1922; 
W. Qeiss, ib., 28. 527,1922; M. Pirani and W. Fehse, ib., 29.168, 1923. 

J. Monckmann, Proc. Roy. Soc., 44. 220, 1888; G. Gore, ib,, 80. 38, 1880 ; G. Wiedemann, 
Die Lehre von der EUktricitdt, Braunschweig, 1. 843, 1893; C. [Nomine, Wied. Ann., 18. 662, 
1883 ; 19. 86,300,1883 ; U. Muraoka, U)., 13. 307,1881; W. Skey, Chem. News, 28. 266, 1871; 
H. C. Pease, Joum. Phys. Chem., 4. 38, 1900; A. Coehn, Zeit. Elektrochem., 8. 424, 1897; 
A. Avogadro, ArcA. Sciences Qenhx, (I), 17. 314, 1861; W. G. Duffield, T. H. Bumhain, and 
A. H. Davis, Proc. Roy. Soc., 97. A, 326, 1920; K. T. Compton, Phys. Rev., (2), 21. 476, 1923; 
T. Peozalsky, Jwm. FranHin 186. 710,1918; H. Zahn, Ann. Physik, (4), 14. 886, 1904 ; 
A. GUnther-^hulee, 2kU. Elektrochem., 29. 370, 1923; G. Tammann, ib., (4), 18. 866, 1906; 
A. K. R. Westman and W. J. dapson, Trans. Amer. Electrochem. Soc., 87,1923; E. Newbery, 
Joum. Chm. Soc,, 109. 1051,1916; W. Matthiesen, UnterstuJiungen aber den eA^rucAsn LicMbogen, 
Leipzig, 1921; A.Voller, Pogg. Ann., 149. 394,1873; J. C.Foggendorfi,i6.,50.263,1840; OlxWsJsis, 
706,1821; J. Buchanan, PhU. Mag., (6), 20. 117,1885; A. Bartoli and G. Fapasogli, Nuovo Cimenio, 
(3), 12. 181,1882; E. Corminas, Centr. Slektrotech., 7. 491, 1886; J. Probert and A. W. Howard, 
Ohm. News, 47. 167,1883; M. Faraday, Phil. Trans., 180. 93,1840; S. Marianini, SchweiggePs 
Joum., 49. 62, 1827; J. Weiss and J. Kdnigsberger, Phys. ZeU., 10. 966, 1909; D. Tommasi, 
Elect. World, 28. 666, 1896: 0. J. Reed, ib„ 88. 630,1896; V. L. dialer, Astropkys. Joum., 64. 
373,1921; H. Ayrton, The Electric Are, London, 1901; £. ^uoh, Electric Are Phenomena, New 
Fork, 1913 ; F. Haber and L. Bruner, .Zeit, EUktroch^, 10. <697, 1904 $ J. W. Z^angley,'<6., 9. 



CARBON 


273, 1809 ; 0. XnebenoO and L. StraasaT, ift., 3. 353,1806; F. R;diar and J. Tuma, SUabtr* Akai, 
Iftm,«. 917, 1888; MmaUk., 9. 903, 1888 i R. D, Kleeman and W. Fraderiokaon, Kcf., 
(2), 1ft. 490,1923; V. Karpen, Bull. Acad. Roitmninc. 8.186,1923. 

*• M. Faraday, Phil. Tram., 186. 41, 1846; Phil. Mag., (3), 28. 485, 1846; A. L. Holti, 
Pogg. Ann., 161. 89, 1873; F. ^ntedesclii, d«i Accad. Yeneiia, 2. 206, 1861 ; P. Pascal. Be, 
Oen. S^nt., 34. 388, 1923; M. von Pirani, Ueber DiehHricitatacowttnnlfnJealer Kih-pcr, Bprlir. 
1903; W.Schmidt, Atm. Phgsih, {4), 9. 919, 1902; (4), 11.114, 1903; S. Moyer, 16., (4), 1. 86', 
668, 1900: Ified. .4nn., 68. 325, 1899 ; 89. 236, 1899 ; A. Coetin and IJ. Baydt, 0611. Nachr , 
263, *1909 : Atm. Phyiik, (4), 30. 777, 1909 ; K. Honda, ib., (4), 32. 1027. lO'lO ; .Scifiiw Bej. 
Tdkolm Univ., 1. 1,1912 ; 2. 26,1913; 8, 139, 223,1914 ; 4. 215,1915. 


§ 9. The Adsorption ot Qases, etc., by Carbon 

A. A. C. Swijiton i found that diamonds contained no occluded neon, krypton, 
or other rare gas which is set at liberty when the diamond is transformed into graphite. 
As previously indicated, D. Brewster’s discovery of inclusions of lu]uid carbon dioxide 
in some diamonds led many to infer that the diamond has been formexl in the 
presence of this gas under press. J. Werth heated boart under water and noted 
that some gas was given off; the gas contained : Carbon, 97 ; hydrogen, 0 5 : 
and oxygen, I S per cent., and he referred the small flame observed in the combustion 
of the diamond to occluded gas. .T. Dewar measure;! the gases occluded in graphites 
from different sources, and found : 


Source 

Vol. 

CO, 

CO 


V.IU 

N, 

Meteoritic 

. 7-26 

01*81 


2*50 

5*60 

0*10 

Borrowdalo 

. 260 

36*40 

7*77 

22*20 

26*11 

U*4i0 

Siberia . 

. 2*55 

67*41 

6*16 

10*25 

20*83 

4*16 

Ceylon 

. 0-22 

66*60 

14*80 

7*40 

3*70 

4*60 


While the occluded gas in diamonds is insignificant, the constant presence of hydro¬ 
carbons, hydrogen, etc., in amorphous carbon led M. Berthelot to the belief that 
amorphous carbon is really a hydrocarbon exIrSmement condenS(i. 0. L. Knlmann 
and R. F. Marchand were not able to remove all the hydrogen and oxygen from 
charcoal at the strongest heat of a blast. T. B. Doubt found that the heats of 
adsorption and evolution by charcoal are equal, and argued that the process is 
reversible. ,1. C. Philip and co-workers studied the relation between the temp, of 
carbonization of charcoal and its adsorptive capacity. A. Vladislavovitsch 
measured the dehydration curves of charcoals charged with adsorbed water vapour, 
and found a lag behind the hydration curves. Two per cent, of adsorbed water 
remained after drying to constant weight; and much of the adsorbed water is 
retained even after heating to redness in a current of nitrogen, and it is probably ^ 
chemically combined with the charcoal. He therefore argued that chatcoaHs not 
appropriate for studying the phenomena of adsorption, since its behaviour depends 
on the nature and past history of the charcoal used. 

In 1777, P. Fontana 2 discovered that freshly calcined charcoal, coolccl under 
mercury, has the power of absorbing comparatively large volumes of gas; and about 
the same time C. W. Scheele observed that air was also absorbed in a similar way. 

J. Priestley, L. B. G. de Morveau, J. C. Delamftherie, G. F, Parrot and D. H. Grindel, 
H. G. Rouppe and M. van Noorden, and S. Saluzzo made some observations on this 
subject; and in 1783, C. L. Morozzo showed that the amount absorbed is sfedfic 
in that it depends on the kind of charcoal em^yed; and sekclive in that it varies 
with the nature of the gas. In addition to the cAservations mentioned below, 
adsorption has been studied by C. P. Schbnbein, H. T. Brown, B. Engel and 
A. Moitessier, N. F. I. Isambert, J. Bohm, F. Hart, 8. G. Hedin, W. Vaubel, A. Wohl 
and M. 8, Losanitsch, G. Craig, A. Berliner, W. MttUer-Erzbach, H. Vohl and co¬ 
workers, E. Blumtritt, P. A. Favre, H. Violette, M. Kttcher, G. Dreyer and 
J. 8. C. Douglas, etc. According to Q. Tammann and H. Diekmann, metimry resting 
oveyiowdered carbon, dried at 300°, runs below the powder when warme’d to 36°. 

eflect with different kinds of charcoal.— J. Hunter measured the effeoff 
with different kinds of charcoal, and found that that made from the shell of the 
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cocoanut adsorbed the largest proportion of gas—ammonia, carbon dioxide, or 
cyanogen. K. Hayashi, and A. Piutti and 6. Maglia also compared the sp. gr. 
and the adsorptive power of the different charcoals, and the results of the last-named 
are indicated in Table VI for temp, between —100° and 550°. Those charcoals 

Table VI.—Aji.sorptive Power and Specific GBAViTy op Different CHARcoAts. 


Kinds of ciiarcoal. 

! Vola. of air per 
vol. of charcoal. 

Sp. gr. 

Prunua coraflus (Sour cherry)* 

280 1 

1-6398 

Cocus mucifera (Cocoanut)* 

26J-8 

1-4497 

Phillyrea media (Jasmine box) 

222-4 

1-4970 

Grevillea robusta (Silky oak) 

212-7 

1-4383 

Abies alba (White spruce) . 

199-6 

1-1901 

Caatanea vesoa (Chestnut) . 

. , 186-3 

1-3000 

Buxus sempervirens (Box) 

138-6 

1-4192 

Liospunos kaki (Chinese persimmon) 

. 1 134-6 

1-3398 

Populus nigra (Black poplar) 

. 1 134-1 

1-2802 

Prunus virginiana (Choke-cherry) 

133-0 

1-2369 

Ceratonia siliqua (Carob)* . 

131-6 

1-6274 

Prunus armoniaca (Apricot)* 

129-6 

1-3994 

Juglans regia (Walnut) 

118-6 

1-3132 

Pinus rigida (Pitch-pine) 

111-1 

1-3114 

Kobinia pseudoacacia (Common locust) 

99-9 

1-2218 


marked with an asterisk are from shells and kernels. N. A. Yajnik and T. C. Rana 
found mulberry charcoal gave better results than that from tali or from acacia in 
absorbing salts from soln. It will be obvious that although a rough parallelism 
between density and adsorptive power can be detected in some cases, there are 
so many deviations from the rule that it is obvious some other factor or factors 
are involved. M. Berthelot emphasized the. fact that charcoal is not pure carbon, 
and it is probable that the impurities present in the different varieties affect 
the adsorptive power in different ways. The porosity, in the ordinary sense of the 
term, is not the determining factor because cocoanut charcoal is one of the densest 
of charcoals, and yet J. Hunter found it posses.sed the greatest adsorptive power. 
N. T. de Saussure considered that the adsorptive power depends on the area of the 
exposed surface: but A. Piutti and 6. Maglia state that the amount adsorbed varies 
with the structure, so that, as W. D. Bancroft puts it, narrow pores down to a certain 
, limit adsorb more than the same surfaces would do if the pores were of larger 
diameter. <P. Chappius found that the increased surface produced by grinding is 
so smalHn comparison with the total adsorbing surface, that the increased adsorption 
produced by grinding is inappreciable. In confirmation, L. Gurwitsch, and 
F. Bergter found that grinding increases the speed of adsorption, but the final 
result is independent of the grain-size. H. H. Lowry and G. A. Hulett found that 
no relation exists between the amount of gas—nitrogen, carbon dioxide, or water— 
adsorbed and the length of time the charcoal has been in use. Differences in the 
method of preparing the charcoal may change the absorptive capacity 100 per cent. 
—vide supra, activated charcoal. ,_This was also emphasized by H. B. Lemon, 
and H. H. Sheldon. H. H. Lowry and 6. A. Hulett also found that the phenomenon 
with oxygen is complicated by the superposition of two effects—adsorption ^nd 
surface combination. “ 0. Ruff and E. Hohlfeld assumed that the activity of the 
difierenf kinds of charcoal is proportional to the content of certain foreign atoms. 
The subject was also investigate by J. C. Philip and co-workers and by H. Briggs. 

IDu efleci with diSereat gans. —N. T. de Saussure found the different values 
indicated in Table VII for the volumes of different gases adsorbed by one vol. of 
box-wood charcoal at 724 mm. press, and 12°. It was inferred that in general 
the volume of gas adsrobed is greater the higher its b.p. For comparison, ^e b.p. 
of the gases are indicated in the table. The rule is followed roughly, although there 
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Tabm VII.—^Thb Adsobption or DirraBBStr Qasks by CKABCOAt. 


Gab. 



j V(tl. o( luluorbwl 8*8. 

B.p. of |fA« 

Ammonia . 



. ! 90 

-se-e” 

Hydrogen chloride 



. I 85 

-82-9° 

Sulphur dioxide . 



. ' 66 

-10° 

Hydrogen sulphide 



. ' 65 

-60-2° 

Nitrous oxide 



40 

-89-8° 

Carbon dioxide 



35 

(-79'^) 

Ethylene 



35 

-106® 

Carbon monoxide 



9-42 

-190® 

Oxygen 



9-26 

-182*8® 

Nitrogen 



7'5 

-195*7® 

Hydrogen .* 



7*175 

- 252*6® 


are exceptions; and it is probable that the adsorptive power depends on .some 
specific relation between the gas and the cliarcoal, as well as on the extent of tho 
adsorbing surface. K. E. Wilson found that the number of mols of oxygen adsorbed 
at any given final press, is very nearly 1'3 times the number of mols of nitrogen 
adsorbed at the same final press. J. Driver and J. B. Firth studied the a<lsorption 
of alcohol, methyl benzoate, carbon tetrachloride, chloroform, benzene, ethyl 
propionate, ethyl ether, toluene, and carbon disulphide from sat. vap. B. E. Brown 
investigated the effect of temp, and press, on the adsorption of water by charcoal; and 
W. Moller, the adsorption of formaldehyde. H. Herbst inferred that with gaseous 
chloropicrin, benzyl chloride, and phosphorus tribromide, one mol is fixed per 
six gram-atoms of carbon. S. McLean studied the adsorption of helium by char¬ 
coal ; A. B. Ray, the a<hsorption of benzene; and H. Briggs, the adsorption of 
organic vaj)ours. The adsorption of chlorine was investigated by C. S. Bohart 
and E. Q. Adams ; air, by .J. Samejima and K. Hayashi; of hydrogen, and carbon 
dioxide by R, Lorenz and E. Wiedbrauck ; K. M. Winter and H. B. Baker, sulphur 
dioxide ; H. Briggs, nitrogen and hydrogen; A. S. Coolidge, benzene, carbon disul¬ 
phide, ether, chloroform, carbon tetrachloride, methyl acetate, ethyl formate, and 
water ; and of carbon dioxide and introus oxide by L. B. Richardson and G. B. Wood- 
house. H. S. Harncd found that with chlorine the adsorption is complicated by a 
reaction between the water present and the chlorine for which the carbon acts as a 
catalyst. H. Herbst, A. Vladislavovitsch, and R. E. Wilson, and T. Fuwa studied 
the humidity equilibrium of different kinds of carbon. 

The effect of temperature on the adsorption of gases.— N. T. dp Saussuro * 
showed that the amount of gas adsorbed by a given mass of charcoal decreifSos as 
the temp, is raised. P. Chappius found the volume of carbon dioxide adseftbed at 
different temp, with the press., maintained constant at 472 mm. (when the vol. 
of gas is reduced to 0°), to be , 

0” U-Ot” 25 05" 30 00' 44'4I’ 5403” 02'69" 70'92” 

Adsorbed gas . 1156-69 940-26 800-77 606-31 574-40 477 89 411-97 347-73 

Thus, the amount adsorbed at 70-92° is but one-third of that adsorbed at 0°. 

J. Dewar found that at temp, in the vicinity of liquid air the adsorption is 
remarkably great; thus, the number of o.c. of gJs reduced to 0° and 760° mm. press., 
adsorbed per o.c. of cocoanut charcoal is as follows: • 




H. 

N, 

Oj 

•A 

Ua 

CO, 

At 0® 


4 

16 

18 

12 

2 

21 

At-185®. 


136 

166 

230 

175 

15 

190 

The press, of the adsorbed gas at these low temp, is 

very 

small. 

Similarly, 

J. L. Barwald found with elderberry charcoal: 





10” 

0* 

-10* 

-50* 

-100* 

- lao* 

-150* 

' -186" 

H, . .3 

4 

4 

9 

24 

44 

76 

163 • 

0, . . . 61-7 

66*7 

70*0 

106*0 

166*0 

216*0 

246*0 

— 

Air . .36-0 

36-7 

40*0 

65*0 

116*7 

166*0 

200*0 

262-3 
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The adsorption with nitrogen is nearly the same as with air. A. M. Williams repre¬ 
sents the efiect of temp, by log {vlp)=a+bjT, where » denotes the amount of gas 
adsorbed; p, the equilibrium press.; T, the absolute temp.; and a and b, constants 
not dependent on T. D. C. Henry represents the effect of temp, on adsorption 
equilibrium by when ^ is independent of temp., and A is the internal 

heat of evaporation. 

The great avidity with which charcoal adsorbs air at a low temp, was utilized 
by P. 0. Tait and J. Dewar, in 1874, in tbe production of high vacua. An ordinary 
vacuum tube containing a small piece of charcoal would not allow a spark to pass 
when it was cooled in liquid air. It was found that with a 300 c.c. bulb with air 
at 15°, and a press. 17 mm., and in contact with another bulb containing 5 grms. of 
charcoal, when cooled by liquid air, the press, fell to 0 (XXI06 mm. A radiometer 
attached to a charcoal bulb when cooled by liquid air showed no motion when the 
beam from an electric arc-light was focussed on the vanes. 

The effect of pressure on the adsorption of gases.—N. T. de Saussure showed 
that the adsorption is increased by raising the press., but not proportionally. 
According to P. Ohappius, if the temp, be 0°, and the press, p mm., then the volume, 
u. of gas, in c.c. at 760 mm. press., adsorbed by 16119 grms. of charcoal from the 
lirIwUa escuhnhi, is: 


p 

M3 

2-23 

4*70 

9-8fl 

2012 

77-12 

335-00 

703-38 

V 

. lO'SO 

23*18 

52*72 

10067 

17810 

438-24 

892-70 

1166-06 

vIp . 

H-ZO 

10’30 

11-22 

10-20 

8-85 

5-68 

2-00 

1-63 


If Henry’s law were applicable, the quotient v/p would be constant. Corresponding 
results were obtained by H. Kayser, and L. Joulin. B. Gustavson found that at 
low press.—4‘6to 17'4 mm.—charcoal adsorbs the vapour of water and acetic acid 
proportionally to the press. The velocity of adsoqrtion is greater the lower the 
press. Below 7'4 mm., the adsorption involves the formation of solid soln.; above 
that press., simple adsorption occurs. Higher press, were used by E. W. E. Pfeiffer 
for carbon dioxide and ammonia. A selection from the results is given in Table Vlll. 

Tabok VIII.—Ekvect of Variations of Temperatore and Pressure on the 
Adsorption of Ammonia and Carbon Dioxide by Charcoad. 


Prww. atm. 


Observed vol. of gas. 

Vol. reduced to 0® and 760 mra. 

Carbon dioxide 

12-4“ 

j 16-4“ 

20-4” 

12-4' i 

1 

16*4® 

20-4“ 

'2'23 

36*42 

36*44 

34-06 

78*43 

76-93 

71-30 

3*57 

26*47 

25*60 

24*87 

92-08 

87-79 

84*36 

6-00 

20-58 

1992 

19-43 

101-40 

96*77 

93*07 

«-38 

16*73 

16*37 

15*89 

106-76 

103*00 

0805 

722 

1513 

14*86 

14-61 

110-76 

106-33 

103*06 

8-20 

13-76 

13*30 

13-06 

114-66 

109-66 

106*01 

Ammonia 

13-4' 

17.40 

20*4“ 

13*4“ ' 

17-4' 

20-4' 

2'86 

66-00 

64-34 

64-18 

177-07 

172-48 

169-92 

3-57 

63-84 

■•62-24 

62-95 

184-89 j 

180-01 

176*90 

6-00 

40-47 

89-97 

39-78 

199-31 

193-26 

189-82 

6-38 

34-16 

31-72 

31-84 

226-09 1 

203-46 

200-41 


The decrease in the observed (unreduced) vol. with increasing press, is not constant 
as would be anticipated if Henry’s law were applicable. The increase in the reduced 
, vol. with increasing press, becomes less as the press, increases. M. W. Travers 
measured the press., p, and cone., *, of carbon dioxide and hydrogen occluded by 
carbon at temp, between —78° and 100° in the former case, >nd between —190° 
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and 100° in the latter case. The results show that the relation can be represented 
by a formula of the type where it is a constant. For hydrogen at —190°, 

n is nearly 3; and for carbon dioxide at 0°, n=3, and at 100°, »=2. H. Briggs 
and W. Cooper found that, at 15°, the capacity of commercial gas cylinders when 
filled with dry hydrogen, nitrogen, or oxygen at a given press, is greater when the 
cylinders are filled with an a^orbent such as charcoal or silica gel than when 
empty. At 35 atm., the capacity for nitrogen is increased 66 per cent, by filling 
with oocounut charcoal. At higher press., the increase in capacity is not so great. 
To be effective, the adsorbent must be dry. Sudden outbursts of firedamp in coal 
mines have been found to be the result of releasing immense quantities of gas adsorbed 
under press, in coal. 

The vap. press, of a film of adsorbed gas has no known relation with that of the 
liquefied gas. the equilibrium vap. press, of a liquid is constant at a given temp, 
only when the disturbing effects due to gravitation, capillary forces, etc., ate 
eliminated. Hence, the equilibrium vap. press, of a thin film of liquid is not the 
same as the vap. press, of the liquid en masse, and it may vary with the nature of the 
adsorbing solid. J. Dewar found that at —185°, the araoiinta of hydrogen, v c.o., 
adsorbed per gram of cocoanut charcoal at a prcs.s., p atm., were: 

j) ..... 1 6 10 IS 20 2S 

».»2 138 160 140 146 138 

He assumed that the decrease from 1.56 to 138 c.c. per gram is duo to ap experimental 
error. It is assumed that above 10 atm. press, the adsorption is independent of 
the press., and that the adsorption has reached a limit. According to H. Kayser, 
if p denotes the press., and v the vol. of hydrogen adsorbed per c.c. of charcoal, 
ti=s:O'6036-l'35 log p, at 0°. ^ 

The curve obtained by plotting the amounts of adsorbed gas at different press., 
and at a constant temp., is called the adsorption isotherm ; and with J. Dewar’s 
data, the adsorption isotherm is concave to the press, axis. According to 
H. Freundlich, if v denotes the vol. of the gas adsorbed by 1 grm. of charcoal, 
at a temp. 6°, when the equilibrium press, is represented by p ; and Uo is a constant 
representing the vol. of gas adsorbed at 9° under a press, of 1 cm., the adsorption 
isotherm equation has the form; 

v=Vfjp ; or, p—l ' ; 


where n is a constant. This empirical equation usually takes the eq. form; 
{xjm)'‘=kp, or « log {xlm)=hg (kp), where n and h are constants, and x represents, 
the amount of gas a(isorbed by a mass «» of solid. The exponent l/n*is lijps than 
unity, and geometrically it represents the slope of the logarithmic curve. ^ 

Tlie equation can be derived from the following hypotheses. Let the free surface 

energy of a bare surface (in vacuo) be v, ergs sq. cm.; and the free surface energy of the 
same surface covered with a unfmolecular layer of gas be <r j. When the system is in equili¬ 
brium, let u denote the area of the bare surface, and u, the area of the surface covered, then 
the fraction «/uj=f will denote the fraction of the surface covered. Ixit v deqote the 
free energy of the whole surface when the range of mol. action is small. Then, 

; or, cr=<r,—(v,—(r,)tt/«j. From J. W. Gibbs’ equation (1. 1.1, 22), 
u— —CdalRTdC, and by differentiation and substitution, 


HT «, dO 

By integration, writing log k for the intonation oonstant, and putting nsifTo— 
it follows that log u»r{l/n) log O-flogl;,or aa above. Similarly, for adsorption 

from dil. soln., D. C. concluded that the greater the value of n at a given temp,, 

the greater the work done in the orientation of tl:^ surface mol, such that if W denotes the 
non« 06 motio work in the adsorption of a tnol of solute from a dil. soln., n — 1 WjRf. 

F. W. Kflster employed a form of this equation where for tfie pMtitioij 
of ether between water and caoutebono, A. M. Williams has deduced an equation: 
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where a and j8 are functions of the temp. H. Freundlich also tried C, Kroker’s 
formula: 




where a denotes the original amount of solute before adsorption; a/v is the 
original cone, of the substance, and A, jS, and « are constants, but, as J. W. McBain 
has shown, it is very unsatisfactory. The equation has been discussed by 
I. M. KoIthoS, W. Ostwald, M. Poknyi, D. C. Henry, M. Geloso,- S. Wosnessensky, 
A. Eucken, D. Reichinstein, B. liiin, L. Berenyi, etc. The general equations for 
different types of adsorption have been discussed by B. Gustaver, D. C. Henry, 
W. Ostwald and R. de Izaguirre, 

The mean value of 1/n in the isotherm equation is always less than unity, and it 
changes over moderate ranges of press, up to one atm., and it rises' with temp., e.ff. 
M. W. Travers’ observations on the absorption of carbon dioxide bycharcoal show that 

- 78 ” 0 ” 3 . 1 ” 01 “ 100 ” 

. . . 0-13 0-30 0-46 0'48 0-52 

A. E. M. Geddcs represented his values of v and p by v=0 0CO2p''; the following 
is a selection of the observed and calculated values of v : 


V ■ 

. 41*5 

194 

340 

453 

602 

698 

703 

I'Obs. . 

1'7 

40 

6*4 

0-6 

7-6 

8-6 

8-9 

VCalc. . 

1-7 

40 

5-6 

6*4 

7-6 

8-3 

8-4 



Volume^jU per^ram 


A. Reychler found that for the absorption of carbon dioxide by blood charcoal, n=l, 
and n=0 00024p, which means that the amount of gas 
adsorbed is proportional to the partial press, of the 
carbon dioxide in the vap. phase. As shown by 
A. M. Williams, with gases which are not copiously 
adsorbed, and where p is accordingly small, the value of 
a approximatira to unity, as is the case, for example, 
with A. Titoif’s observations on the a<lsorption of 
hydrogen by charcoal. This is shown by the linear 
curves, Fig. 17, over moderate press. The isotherm 
equation then reduces to v--Vfip, which is the same 
as Henry’s law. A. M. Williams found the adsorp¬ 
tion isotherm of sulphur dioxide and charcoal runs 
Fio. 17. — Equilibrium the same course as a typical va)>. press, curve. With 
aSbS by amSah" 8®?®® copiously adsorbed- e.g. ammonia or carbon di¬ 
oxide—the work of I. F. Homfray, L. B. Richardson, 
etc., shows' that the isotherm bends round quickly so that the curves tend 
to become parallel to the press, axis, showing that a 
large increase in press, produces only a sbght increase in 
adsorption, Fig. 18. L. B. Richardson’s observations on 
ammonia and carbon dioxide show that through a bmited 
range of press., the degree of adsorption is in fair agree¬ 
ment with the logarithmic form of H. Freundbeh’s equa¬ 
tion ; but at higher press., the adsorption rapidly decreases, 
indicating that at each temp, there is reached a maximum 
which, cannot be increased by increasing the press. Obser¬ 
vations on the effect of press, were made by A. Pickles, 
etc. 

According to Lord Blythswood and H. 8. Allen, if p 
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press, of air at the time, t, reckoned from 
K^eTadMrSd'by commencement of the adsorption, by charcoal, and p. 
Charcoal. ” “ *iie press, when the adsorption is completed, 

> , _ log (p~Pi)=a-i-bl, where a and b are constants. Prom 

this it follows, by differentiation, that the velocity of adsorption, at any instant, is 
proportional to the quantity of air yet to be adsorbed before the saturation limit is 
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reached. F. Bergter represented the rate of adsorption of nitrogen between 
0'38 and 9-6 mm. press, by the expression »=ej,(l—0'96e"*6i_o-06«“^''i“), where 
t'u is a constant, and » denotes the vol. of gas (reduced to 18° and 760 mm) 
adsorhed by a gram of charcoal; and for air, the corresponding expression is 
•’=®i'/(“+ 0 +* 2 *./(f‘+ 0 > where Cj. %, n, and b are constants—m'de infra, the 
mechanism of adsorption. 

If M denotes the total weight of gas held by 1 grm. of absorbent; Mi, that 
part of the gas which is adsorbed; and p, the press., A. M. Williams’ relation can 
be written log (Af/p)=Ao+AiAfi, where dio Ai are constants, and M—Mi-\-kp, 
where t is a constant. H. Briggs defines the prehmsilily, a, of the substance for 
a particular gas at a particular temp, as the slope of the curve representing the 
amount of gas adsorbed and the press., so that dM/dp^a ; and therefore o=e‘^ "hi. 
In this way he found the prehensility of plumstone and coeoanut charcoals for 
nitrogen to be respectively 9 x 10“-, and t'.'ixlO'i^; and likewise for hydrogen, 
l-2xl0-» and 0-6x10-8. 

The adsorption of mixed gases. —The proportions of constituents adsorbed 
from a mixture of gases has not been closely studied. H. Freundlich found that 
when charcoal charged with a gas is introduced into an atm. of a more 
readily adsorbed gas, the former is displaced by the latter, and in rather a 
larger proportion than would have been predicted from the adsorption coeff. of the 
individual gases. F. Bergter found that oxygen at 0'5 to 10 mm. press, is adsorbed 
30 to 40 times as strongly as nitrogen, and that the presence of oxygen increases 
the amount of nitrogen absorbed. J. Hunter noted that the presence of adsorbed 
water favoured the adsorption of ammonia by charcoal, possibly owing to the dis¬ 
solution of some of the ammonia in the adsorbed water. J. Matwin noted that n 
kilogram of charcoal will reduce the sulphur content of illuminating gas in 10 cub. 
metres of gas to 2-92 grins, by the adsorption of carbon disulphide and carbonyl 
sulphide. The more porous varieties of charcoals were the most effective. 
W. Hempel and G. Vater studied the adsorption of mixtures of hydrogen with 
acetylene, ethylene, methane, and ethane, and of nitrogen with ethane. When 
the different constituents of a mixture of gases are adsorbed in the same ratio as 
they occur in the mixture, a separation will not be possible; and when the ratio 
of the two gases adsorbed by the charcoal differs from the ratio of their proportions 
in the gas phase a kind of fractional separation will be possible. Thus, J. Dewar 
used the energetic adsorption of hydrogen by wood charcoal at low temp, to separate 
this gas from neon, helium, etc., which are adsorbed to a far smaller extent. 
W. Ramsay, and S. Valentiner and R. Schmidt found the process to be easy and 
rapid of application. E. Rutherford, R. W. Boyle, J. Satterly, C. Porlezajp and 
G. Norzi, and A. Ritzel have studied the adsorption of the radioactive emulations 
of radium, thorium, and actinium by charcoal. Technical applications have been 
discussed by E. Berl and co-workers, H. Carstens, E. B. Miller, G. A Burrell and 
co-workers, etc. J. Dewar showed that the composition of the gases adsorbed by 
charcoal from air at —185° is virtually constant—actually between 66 and 58 per 
cent, oxygen—and it is not markedly influenced by press. If the gases given by 
charcoal (sat. by air at —185°) be collected as its temp, slowly rises to —16°, then, 
the percentages of oxygen in tbe ait evolved are^s follows; 

1st 2nd 3rd 4th ,5th Sth litre 

Per cent, oxygen . . 18-5 20-fl 63-0 72-0 79-0 8^0 — mean 96 

No sign of the oxidation of carbon by the adsorbed oxygen was noted —vide infra. 
D. C. Henry studied the adsorption of mixed gases. H. Herbst studied the effect 
of moisture on adsorption by charcoal. H. B. Lemon and K. Blodgett showed that 
with mixtures of nitrogen and oxygen, one gas interferes with the adsorption of 
the other. L. B. Richardson and J. C. Woodhouse found that with mixtures of 
carbon dioxide and nitrous oxide, the total adsorption can be calculated from tbe * 
adsorption isotherms of tbe individual gases. 
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The density ol the gas adsorbed by charcoal— According to A. Mitscherlich, 
tie cells of wood charcoal are, on the average, .-^th in. in diameter; and he calcu¬ 
lated that more than one-third of the gas condensed in the pores of the charcoal is 
in a liquid state on the walls of the cells; and that the thickness of the layer of carbon 
dioxide covering the walls of the cells is 0’000002 in. Gases like ammonia, hydrogen 
chloride, and sulphur dioxide which are adsorbed in greater quantities than carbon 
dioxide will furnish denser layers. Hence, he concluded that the gases in contact 
with solids must bo in a particular state such as they do not present when in a free 
state; and since the thickness of the condensed layer of gas must vary, the attraction 
is not manifested solely on the gas in immediate contact with the solid, but acts 
at variable distances. 6. Quincke estimated that 1 c.c. of box-wood charcoal 
has a surface area of 220,000 sq. cms.; and assumed that the density of the adsorbed 
gas near the surface is the same as that of the solid, and rapidly decreases in density 
in passing from the solid to the free gas. S. Lagergren estimates that a gram of 
charcoal has a surface of 4 sq, metres when it is composed of 1‘4 billion particles. 
H. H. Lowry and G. A. Hulett found that the apparent sp, gr. of charcoal is 107 ; the 
capillary volume is about 0’42 c.c.; and the area of the capillaries is not more than 200 
sq. metres per gram. A. B. Lamb and co-workers estimated that the pores of charcoal, 
assumed to be cylindrical, have an average diameter of 6 X10“^ cm., and that one c.c. 
of absorbent charcoal has a surface area of about 1000 sq. metres—the apparent sp. 
gr. is about 0 4. I. Langmuir claimed to have shown that when gases are adsorbed 
on solid surfaces, the thickness of the adsorbed layer is never greater than 
the diameter of a molecule. I. Langmuir worked at low press. B. E. Wilson, 
C. Terzaghi, A. B. Lamb and A. S. Coolidge, and M. H. Evans and H. J. George have 
shown that the adsorbed layer may be several molecules thick; and E. Edser further 
demonstrated that the mol. attraction is appreciable at distances as great as 100 
times the mol. diameter. 

According to E. W. R. Pfeiffer, and A. Winkelmann, if O be the density of the adsorbed 

? ;a8, and the density of the gas in a free state, the density of the gas at a distance n 
rom the surface of the solid will be D,+/{n), when /(n) is an unknown function of n. 
At the limiting surfaces,/{O) =D—i>o; and/{/*) =0, where h is the thickness of the adsorbed 
layer of gas. If 5 be the surface area of the body, and m the mass of the adsorbed gas. 



E. W. R. Pfeiffer assumes that /(n) decreases uniformly from n=0 to n=h ; and the cal¬ 
culation is then the same as if the whole surface 8 is covered with a layer of uniform density, 
ZIq), of thickness h. The mass of the adsorbed gas is therefore m^l{D~-D„)Sh, 
Observations show that it v be the volume of the adsorb^ gas, m=vD^. Combining the 
last two equations, and solving for A, it follows that h=vDJi(D—Di,)S. Since 13'76 c.c. 
of cai'bon dioxide at 12’4° and 8 2 atm. press, are adsorbed by a c.c. of charcoal, and if 
1 c.c.o4tho charcoal has a surface area of 670,000 sq. cms., it follows that c/S=24 X 10~'cm. 
If the density of the charcoal is 1'4, Z)=I'4, and the density of the carbon dioxide at 12'4“ 
and 8 .2 atm. press, is D, >30'0I639, and hence the thickness ol the adsorbed layer of gas at 
this temp, and press, is A=0‘62x 10~‘ cm. 

J. Dewar calculated the apparent densities of some gases adsorbed by cocoanut 
charcoal at low temp., and the results are given in Table IX. They show that the 


Table IX.- 

-The Densities of Gases adsorbed by Cearcoal. 


1 

Density. 


Adiorbed gas., 

Temp. 

1 

Adsorbed gas. 

Liquefied gas. 

Carbon dioxide 

. ' 16 i 

0-70 

0'80 

Oxygen 

—183° 

1-33 

M2 

nitrogen 

-193° 

1-00 

0-84 

Hydrogen 

Bditim . 

-193° 1 

006 

0-07 

-268 ! 

0-17 

0-12 
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densities o{ the adsorbed gases are*of the same order as those of the liquid gases; 
and, in some cases, they are greater. At high^ temp., the adsorption and apparent 
condensation would both be smaller. According to W. D. Harkins and co-workers, 
the liquids which penetrate into the micropores of charcoal are compressed by a force 
due to molecular attraction which acts as a press, of 20,U00 atm. or more. 

The Imt ot adsorption.—Heat is evolved when solids are wetted by liquids 
—vide the Fouillet effect.® C 8. M. Pouillet gave 1'16° for the magnitude of this 
effect (1.9,9). N. T. de Saussure observed that when gases are adsorbed bjl solids, 
heat is evolved. P. A. Pavre made the following observations of the heat of 
adsorption in cals, per mol. at ordinary temp.: 

NHj CO, N,0 so, HC'I Hl>r HI 

Heat of adsorption . . 7,200 7,300 7,400 10,460 9,700 16,600 22,000 

Heat of Uquefaction . 6,000 0,260 4,400 6,000 3,000 4,000 4,400 

The heats of liquefaction are added for purposes of comparison. Ho found that 
the heat of condensation from gas to liquid is less than the heat of adsorption, and 
hence concluded that the density of the adsorbed gas is greater than that of the 
liquefied gas. J. Dewar added the following values at —185° : 

H, N, A (I, CO 

Heat of adsorption . . 1,6()0 3,«8fl 3,639 3,744 3,418 

Heat of liquefaction 238 1,372 — 1,664 

P. Chappius measured the heat of adsorption of ammonia by wood charcoal at 
different stages of the adsorption, and found for the ([uantity of heat, Q, cals, evolved 
when a vol., v, of gas is adsorbed by 2'350 grms. of charcoal: 

B. 26-79 68-02 69 09 69-27 61-65 6902 ‘62-77 

Q . . . . 8-56 20-24 21-46 21 03 22 07 23-54 30-87 

Heat per c.o. . . . 0-3298 0-3488 0-3030 0-3701 0-3686 0-3989 0-4910 

Consequently, the quantity of heat produced per c.e. of charcoal is less the greater 
the quantity of gas already adsorbed. According to 8. McLean, the thermal effect 
in the adsorption of air, oxygen, nitrogen, and carbon dioxide, expressed in cals, 
per c.c, adsorbed, is greatest with oxygen owing to the production of carbon monoxide 
and carbon dioxide. The largest heat production per gram of adsorbent was obtained 
with carbon dioxide. The amount was not entirely accounted for by the latent heat 
of vaporization, indicating that some process other than condensation takes place. 
Coarser kinds of charcoal form carbon dioxide during oxygen adsorption more 
readily than others and adsorb more oxygen. The heat effect expressed in terms • 
of the ratio of the observed thermal effect to the saturation effect when »,c.c. of 
sulphur dioxide are adsorbed per gram of charcoal was found by A. M. WiUiams to 
pass through a minimum and a maximum value, and finally to run paralld to the 
adsorption axis; c 

1 ). 8-0 103 5 176 210 242 361 464 

Heat effect . . . 1-870 1-426 1 306 1-443 1 417 1-267 1-012 

H. L. F. Meslens, and H. Gaudeohon have measured the evolution of heat which 
occurs on wetting wood chbreoal with a number of organic and other bquids. The 
first-named found that when 97 grms. of bromine are added to 11 grms. of charcoal, 
the temp, rises 30°. The sudden compression of igater raises the temp, of water 
about 0'0013° per atm., hence, H. L. F. Meslens concluded that rise of temp, 
observed when charcoal is wetted with water, corresponds with a press, of 893 atm. 
The force of adsorption is then given as follows: 

Water Bromine Ether Alcohol Carbon dteuJphide 
Force of adsorption . • • 893' S^lOO 4,620 3,080 13,090 aims 

I. F. Homphray satisfactorily compared the mol. heat of adsorption, Q, cal-* 
culated from the formula Q‘=2Ti{d log, p)ldT, with the observed rwidto. 
A. M. Williams, and A, Titoff obtained expressions for the heat of adsorption. 
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A. B. Lamb and A. S. Collidge found the heats of adsorption, Q, indicated in Table X, 
where Q denotes the mol. heat of adsorption of the vap. per normal c.c. of vap, 
and 10 grms. of charcoal; A, the mol. heat of vaporization; Q—L then denotes 
the difference between the heat of adsorption and the heat of vaporization, ie. 
the so-called net heat of adsorption. If v c.c. of vap. are adsorbed, the amount 
of heat, Q, adsorbed per c.c. of vap. is where m and n are constants. The 

constant m varies little from vap. to vap.; and n is nearly unity. The variations 
of m aifil n are generally in opposite directions. This agrees with the observation 
that the molar heats of adsorption of the various liquids are not very different. 
A. Titoff’s observations on the heats of adsorption of carbon dioxide and ammonia 
are, respectively, y=0T38 and 0 293 Cal. per c.c.; the heats of liquefaction 
L=0 062 and OT87 Cal.; and Q- A==0 086 and 0106. 

These results are all in agreement with the inference that the net heat of adsorption 
is practically constant for the different liquids observed, when referred to equal vols. 
of adsorbed liquid. The heat of adsorption is therefore assumed to be due to the 
attractive forces of charcoal on the liquid, and for a given vol. of liquid, or for a 
given vol. of tilled capillary space, the amounts of heat liberated are nearly the same 
for all the liquids studied. Assuming that the net heat of adsorption results from 
the force of attraction of the charcoal acting on the liquid, the magnitude of the 
attractive force can then be calculated from the heats of compression of the liquids. 
Values for the heats of compression, dQ/dp cals, per c.c. of liquid at atm. press., and 
0°, are indicated in Table X. The quotient of the net heat of adsorption by the 
heat of compression then represents the magnitude ot the attractive forces, and 
these are evidently nearly constant, and average 11,100 atm. If the heats of com¬ 
pression, dQ/dp cals, at press, approaching 12,000 atm., be substituted for those at 
one atm. press., the absolute value of the attractive force is about 37,000 atm. per 
c.c. of liquid adsorbed by 10 grms. of charcoal. 

Taulu X.--~Hkats of AosoapTioN of thk Vapoubs op Somk Ouoanio Compounds. 


VffiMtur. 

jell 

A 

CiiU. 

0-1 

t\l8. 

(i ■{, 
pt-r c.f. 
('ab. 

R 

m 

If 

Q Is 
ilQldp 
XlOOOatm 

Ethyl chloride* C^HaCl 

. ^ 12-33 

6-22 

6-11 

0-0864 

0-916 

0-7386 

O'OIOI 

8-6 

Carbon disulphide* CS. 
Methyl alcohol* CH.OH 
Ethyl bromide, OjHjHr 
Ethyl iedide*, C.HaX 
Chloroform, CHClq 

. i 12-63 

6-83 

5-80 

0-0991 

0-9206 

0-7525 

00073 

13-6 

. ; 12-96 

9-33 

3-62 

0 0908 

0-938 

0-742 

0-0076 

12-0 

. , 14-33 

6-86 

7-48 

0-1020 

0-900 

0-900 

0-0086 

11-9 

. ' 14-26' 

7-81 

6-44 

0-0815 

0-966 

0-737 

0-0074 

110 

. 14-93 

8-00 

6-93 

0-0876 

0-936 

0-8285 

0-0071 

12-3 

Ethyl formate, HCOOC^Hj 

. 1 16-42 

8-38 

7-04 

0-0901 

0-9076 

0-044 

0-0087 

10-3 

Benseiie, C«H« 

Ethyl aJeohol* C,UaOH 

. 16-17 

7-81 

7-36 

0-0860 

0-959 

0-774 

0-0074 

n-6 

. i 14-98. 

10-66 

4-33 

0-0768 

0-928 

0-871 

0-0066 

11-6 

Carbon tetrachloride* CCi^ 

. : 16-W) 

8-00 

809 

0-0856 

0-930 

0-893 

0-0076 

11-3 

Ether, (C,Hg)tO . 

. , 16-09' 

6-90 

9-19 

0-0803 

0 9216 

0-917 

0*0097 

8-3 

Mean 

• .... 



0-0877 


_ 

_ 

III 


A. B. Lamb and A. 8. Goolidge further found that the molar adsorption repre¬ 
sented by the number of c.o. of gas adsorbed at a 6xed gas press., say 20 mm., is 
inversely proportional to the mol. vol. of the liquid. R. A. Smith ignored the effect 
of press, on adsorption, and assumed that at atm. press., charcoal adsorbs gases 
in vols. which are multiples of the vol. of hydrogen adsorbed. It required 
gome juggling with the data to make the assumed law ap|>eat even plausible. 

' P. P. Kosafeewitsch studied the equilibrium conditions of adsorption. 

L. Gurwitsch studied the heat of wetting of charcoal, and regarded this as a 
kind of measure of the attractive force between adsorbent and adsorbed substances. 
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He found that oxygen compounds have a greater heat of wetting and are more 
adsorbed by adsorbents containing oxygen—or are oxyphttotw—while hydrocarbons 
are more adsorbed by charcoal or are carbophilous—vide clay. 

Adsorption from solntioiu.— In 1785. J. T. Lowitz < showed that coloured liquids 
are decolorized by filtration through charcoal; M. Guilbert stated that the 
decolorizing power of wood charcoal is improved by exposing it to sunshine for 
some time while in a wet state; and in 1810, P. Kiguier, in his Mimoire sur la dfvdora- 
tion du vinaujre el nouveau froddi pour dicolorer eel acide, el aulree liquidee Digitaux 
par le carbane animal, emphasized the marked action of animal charcoal. The fact 
was utilized by the sugar-refiners of France to clarify their beet-sugar syrups. 
According to A. Payen, the sugar was boiled with water and about one-sixth of its 
weight of bone-black for about ten minutes, and the syrup slraiiUKl. The subject 
was discussed by A. Buasy, and 0. L. Cadet de Gassicourt, etc.; indeed, the early 
studies on the decolorizing jmwer of “char ’ were mainly directed to the beet-sugar 
industry. The strained char was at first discarded, but its regeneration was shown 
to be practicable about 1825. Soon afterwards, the. use of granular char and true 
filtration was made possible. T. L. Patterson studied the reason why the charcoal 
slowly deteriorates during revivification. The use of granular char in place of the 
powder greatly facilitated the handling of the material, and it does not clog the 
filter presses like the <lHsty and sooty “ blacks.” Animal charcoal is also used for 
decolorizing other liquids -paraffin, fats, glycerol, etc. The adsorption of air by 
the charcoal may oxidize certain constitucnfs and darken in.steail of bleach the 
liquid. Although animal charcoal stsnils unrivalled as a decolorant there are 
quite a number of decolorizing blacks which have special trade-names-the eponil 
of F. Strohmer, and the karhos,carboraffin, molneoearb, etc., described by C. F. Baniorf. 

As with the adsorption of gases, T. Graham showed that the absorptive action on 
soln. is selective and specific. In Table XI, a few examples arc selected from 


Taulk Xr.—AosoamoN of I.noioo and 8cuah fkom AguEocs Souutions, 


Source uf carbon. 


Blood calcinod with iwtaHaium rarbonato . 

Blood calcined with calciuiit phoaphato 

Blood calcined with lime ..... 

Carbon from i>otaahium acetate .... 

Carbon from sodium acetate .... 

Lampblack ........ 

White of egg ....... 

Ar^imal charcoal ....... 

Animal charcoal waslied with acids .... 

Animal cliarcool washed with acids and eah'iiied with alkali 


Inillgu Bolii. 

.Sogur syrup. 

5 0 

20-0 

12 0 

100 

18-0 

110 

60 

4-4 

120 

8*8 

10-2 

10-6 

34 0 

• 155 

10 

to 

1-87 

•1-6 

460 

20*0 


T. Graham’s results. T. Graliani, and A. W. Hofmann found tliat 2 ozs. of animal 
charcoal removed 0 5 grain of strychnine from half a gallon of beer ; W. L. Dudley 
removed the rank odour of raw whisky by filtration through charcoal; and W. 8kev 
freed dil., but not cone., sulphuric acid from yitric alcid by shaking with charcoal. 
Alkaloids are adsorbed from soln., so much so that purified animal charcoal is con* 
sidered particularly effective as an antidote if administSrod immediately after the alka* 
loid has been swallowed. Observations on the decolorizing jfbwer of different forms 
of carbon have been made by E. F. Anthon, E. Bauer, A. Bruno and P. T. d’Auzay, 
M. Cari-Mantrand, E. Filhol, F. E. Thomas, H. Freundlich and (I Losey, F. Olassner 
and W. Suida, F. Guthe, L. Pelet-Jolivet and co-workers, L. Rosenthaler and 
co-workers, H, Schwarz, J. Stenhouse, J. Renner, U. Brininieyr, K. Vierordfc, 
H. Bodenbender, C. Thumb, H. Eisield, G. Krieger, F. E. Bartell and E. J. 

E. Sporry, P. M. Horton, J. C. Bock, A. B. Bradley, etc. T. Graham showed that 
the deccdorizing power resides entirely in the charcoal, and not in the earthy matters 
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associated therewith. T. Graham, and P. Cazeneuve also stated that the nitrogen 
adsorbed by animal charcoal has no perceptible influence on its decolorizing powers 
If the charcoal has been calcined at a very high temp., it loses its decolorizing 
power. The colouring matters are not destroyed but merely withdrawn from soln., 
and may be extracted from the charcoal by a suitable solvent. 0. C. M. Davis found 
that the order of adsorption of iodine from different liquids is not the same with 
different kinds of charcoal. Thus, with animal charcoal, the decrease is in the 
order; chloroform, alcohol, ethyl acetate, benzene, and toluene; with sugar char¬ 
coal, chloroform, toluene, ethyl acetate, benzene, and alcohol; and with cocoanut 
charcoal, toluene, chloroform, benzene, alcohol, and ethyl acetate. The adsorption 
of organic matters from soln. has been investigated by A. Bogojawlensky and 

V. Humnicky, P. Chappius, 0. C. M. Davis, S. Fineschi, H. Freundlich, L. Hermann, 
E. 0. Herzog, J. Hunter, H. LUhrig, L. Pincussen, H. E. Kruyt and C. F. van Dunn, 
I. M. Kolthoff, A. Pickles, L. Eosenthaler and F. Tiirk, F. Glassner and W. Suida, 
B. Knecht and E. Hibbert, G. Joaohimoglu, H. Eheinboldt and E. Wedekind, 

L. Joulin, J. Matwin, H. L. F. Melsens, L. Michaelis and P. Eona, A. Eeychler, 
E. A. Smith, etc. G. Lockemann and M. Paucke have studied the adsorption of 
arsenic acid by charcoal; and L. and P. Wohler and co-workers, the adsorption of 
benzoic acid. Observations on the adsorption of salts from soln. have been made by 
A. E. Esprit, N. Schilow, L. Liebermann, B. Harms, L. Walkhoff, S. Brussoff, 
K. Stammer, F. E. Bartell and E. J. Miller, S. Odfen and H. Andersson, P. Eona and 
)i. Michaelis, T. Tadokoro and S. Sato, H. Schwarz, H. Eeichardt and D. Ounze, 
H. Morawitz, K. Birnbaum and A. Bomasch, E. F. Anthon, E. Dupouy, H. Pellet, 

W. 11. Heintz, C. Decharme, G. A. Konig, B. C. C. Stanford, F. Smith, H. Leplay 
and J. Cuisinier, E. Moride, W. Wallace, F. Wibel, H. Schulz, F. Knapp, etc. 
According to H. Hartleben, all alkali chlorides are adsorbed to the same extent 
by animal charcoal. N. A. Yajnik and T. C. Eana found that temp, has 
very little effect on adsorption of a substance by charcoal. An increase of temp, 
produces an increase in adsorption. With an increase in the dilution of a sub¬ 
stance in soln., the relative amount of adsorption increases, but at higher cone. 

. the absolute amount of adsorption is greater than at lower cone. Adsorption 
depends to some extent upon the chemical nature of a substance, sodium, potas¬ 
sium, lithium, and magnesium chlorides, belonging to the same group in the 
])eriodic table, possess lower adsorption values than strontium and calcium 
chlorides. In the adsorption of binary mixtures three things may be observed: 
(«) The presence of a foreign substance may have no effect on the adsorption of 
t another substance and so adsorption depends very little on the ionization of a 
substapeo. (6) A substance may be adsorbed less in presence of another substance 
than it,, would be if it were alone in soln. In figurative words, an adsorbent 
may be poisoned with regard to one substance by the presence of another, 
(c) The adsorption of a substance may be increased in the presence of another 
substance or that of one may be increased at the cost of the other. The adsorp¬ 
tion of mixtures follows no general rules, and so the effect of one substance on the 
adsorbability cannot be predicted. The adsorptive power of wood charcoal 
approximates to, or even exceeds, that of animal charcoal when the former has 
undergone a heat treatment. With some exceptions, the adsorption numbers with 
different charcoal can be arranged in the same order. This shows that adsorption 
also depends upon the oheiiiical properties of a substance. A. Fodor and co¬ 
workers studied the'adsorption of amino-acids, polypeptides, egg-albumin, and 
acetic, lactic, and tartaric acids by animal charcoal; H. Freundlich and 

M. Wreschner, the adsorption of uranium Xj, and of thorium; and M. A. Bakuzin, 
the adsorption of gum arable. A. Kckles studied the velocity of adsorption. 

The a4sorption of ions is different from the adsorption of neutral mols. in that 
„the adsorbing surface thereby acquires an electrical charge. The electrical charge 
is determined by the numb^ of ions fixed per unit surface area. The electric 
charge of the adsorbent deteemmes oataphoresis and electro endosmosis; and the 
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peptisation of the adsorbent is also facilitated by the electric charge, and this snbjeot 
has been dimnssed by W. D. Bancroft, J. N. Mukherjee, and others (3. 23, 

W. D. Bancroft showed that in general an insoluble electrolyte will a^orh ions 
markedly, so that a soluble salt having a common ion will tend to peptize asparingly 
soluble electrolyte; and conversely with coagulation. In the case whera the 
charge on the surface is due to a strong chemicsl adsorption of ions of one kind, 
then, assuming that there is no chemical affinity acting on the ions of opposite charge, 
a layer of the latter will be electrically attracted and held near the adsorbent, and 
an eq. amount of ions of opposite sign will remain in the liquid. The observations 
of G. von EHssafoi! on glass and quartz are in agreement with J. N. Mukherjee’s 
calculations. At low cone., the density of the electric charge on the surface increases 
to a maximum, and at higher cone., falls gradually towards a null-value when the 
oppositely charged ions are univalent; but, as shown by the observations of R. Ellis, 
F Powis, L. RiHy, S, W. Young and R. Neal, H. R. Kruyt, H. A. McTaggart, etc., 
when the oppositely charged ions arc multivalent, or are complex organic ions, the 
charge passes through a null-value, reverses its sign, reaches a second maximum, and 
then slowly diminishes. J. N. Mukherjee attributes the negativts charge of surfaces 
in contact with water to the chemical nature of the adsoTbe<l anions or cations. 

He suggrata that with the simpler olt^trolytes, the oatious are usually simple, while the 
anions are more or less complex. The anions are therefore subjeettothechemicalaffinityof 
the surface atoms, wh'lo the chemical action on the cations is small. If thechomioal affinity 
acting on the anion of the electrolyte is stronger than the elcK'trostatic attraction of the 
surface on the cation, then the initial charge of a surface in contact with pure water can 
Ix) due either (a) to (ho strong adsorption of an ion of a minute quantity of suitable 
electrolyte associated with tho solid, {b) or to the adsorption of hydroxyl ions from water. 
On tho addition of an ole<drolyto the density of tho electric charge will increase at low con¬ 
centrations because of tho chemical adsorption of tho anion. The olootrical adflbrption 
of the cation is smaller as the chemical adsorption has been assumed to bo stronger. Besides, 
the electrical charge of tho surface is also not at its maximum. As the surface becomes 
more and more covered by the anions the rate of adsorption of tho anions rapidly decreases. 
Also, the electric charge repels tho anions, and those only can strike on it that have sufficient 
kinetic energy to overcome the potential of the double layer. The number of collisions is 
thus not proportional to the cone, but rises more slowly. Near about the point whore the 
surface b^omes saturated tho value of the rate of adsorption of the anions will be almost 
zero. On tho other hand, the electrical adsorption increases continually with the cono. 
and the increase of the charge. It is apparent that soon a balance will he reached, between 
the chemical adsorption of the anion and the electrical adsorption of the cation. The 
minimum charge will correspond to the stage when the rate of adsorption of the cation is 
just equal to the rate of adsorption of the anion. Beyond this cone., the charge will decrease 
rapidly, and when the surface has been sat. with the anion tho 8ubiK>quont variation in the 
charge is simply due to electrical adsorption. As tho electrically adsorbed muUivaUnt 
cations impart a positive charge to the surface, tho adsorption of the cation deeroas^ and 
the xlectrical atUorplion of tho anion becomes {Kissible. As long as there is ^ positively 
chazged surface the a^orption of the anion will increase more rapidly with the coift. than 
that of the cation. A second maximum will thus be reached and a decrease in the charge wiU 
folloiv, Tlie electrical adsorption of the anion is small because of the smallness of the 
positive charge and an initially existing negative charged surface. A further reversal of 
the charge is not possible, and, in fact, has never been observed. 

The action ol adds and alkalies.— J. Perrin, F. Haber and Z. Klemenaiewicz, 
A. T. Cameron and E. Oettinger, etc., have shown that;, unlike most univalent ions, 
hydrogen and hydroxyl ions impart to the surface a charge of the same sign as they 
carry. In the case where the surface is chemically inert towards the hydrogen aid 
hydroxyl ions, or to the dissolved acid and alkali with which it may bo in contact; 
F. Haber and Z. Klemensiewicz, W. B. Hardy, and A. M. Williams have shown that 
the adsorbed water mots, behave as a solid layer; and the surface is neutral in 
contact with water; and that the mols. of water in the adsorbed layer are in thermo- 
* dynamic equilibrium with the mols. of the water in the body of the liquid. The 
water mols. are ionizing at a definite rate, and for equilibrium as many‘ions are 
uniting to form neutral water mols. According to J. N. Mukherjee, the neutralisa- 
tioa of the ions in the adsorbed layer will be very small because the mols. h^re 
TOl. V. , ‘ 3 » 
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behave like a solid layer, and the surface will be neutral. If an acid is added to the 
water, the neutralisation of the H-- in the surface layer with the OH'-ions in the li(juid 
will be very small, but not necessarily so with the neutralization of the OH'-ions 
in the surface layer with the H'-ions in the liquid. This means that a corresponding 
number of H -ions will remain in the surface layer in excess of the OH'-ions. This 
resulting charge on the surface will increase with a rise in the cone, of the H'-ions 
in the liquid. The opposing factors are; (i) The proportion of H'-ions striking the 
surface decrease as the positive charge of the surface increases, since only those ions 
can enter the surface which have a sufficient kinetic energy to overcome the electrical 
repulsion; and (ii) the electrical adsorption of the anion of the acid in the coin. 

When the surface is not chemically inert, and there is a preferential adsorption 
of one of the ions, J. Perrin, G. von ElissafofE, R. Ellis, F. Powis, etc., have shown 
that surfaces in contact with water are usually negative owing to the preferential 
adsorption of OH'-ions. This may be related with the potential quadrivalency of 
oxygen. According to J. N. Mukherjee, in contact with pure water the surface 
has a layer of adsorbed water and a number of hydroxyl ions. The amount of 
hydroxyl ions adsorbed by the surface will, in general, be small, as the concentration 
of the hydroxyl ions is very small in pure water. If, however, the adsorption is 
very strong the surface will have a considerable negative charge. On the addition 
of an alkali the negative charge of the surface will increase, due to (i) the preferential 
adsorption of hydroxyl ions will increase, and (ii) the number of hydrogen ions being 
formed at the surface will be more and more neutralized by hydroxyl ions in the 
liquid. A maximum will bo reached when the surface is saturated by preferential 
adsorption. Since the chemical adsorption of hydrogen ions is assumed to be 
absent, on the addition of an acid the negative charge will decrease owing to electrical 
adsorfftion till the surface becomes neutral. At this concentration of the acid, the 
surface has an adsorbed layer of water, and an equal number of hydrogen and 
hydroxyl ions. An increase in the positive charge is due to the neutralization of 
the hydroxyl ions being formed at the surface by impinging hydrogen ions in the 
liquid. The maximum charge due to acids thus gives a measure of the hydration of the 
surface. The difference between the maximum charge observed with acid and with 
alkali gives a measure of the amount of hydroxyl ions that is required to saturate 
the surface. E. J. Millet showed that the hydrolysis of some salts is increased 
during adsorption by charcoal. H. Lachs stated that substances of a similar 
electric charge are able mutually to replace one another on an adsorptive surface 
unity. The results were satisfactory for the adsorption of acetic acid, bromine, 

I and benzoic acid from aq. soln. by blood charcoal. For bromine, with the 
standard equation ((t/m)"=kC, n=2'4, and log 4=0'974; and when C is expressed 
in millimols per litre, and xjm in millimols per gram of charcoal. 

0 . . . 0-92 2-69 0-69 H-OS 29-76 

' xlm, Obs. . 2'07 3'10 4'27 6-44 6'80 

xjm, Calc. . 2-09 2-98 4'10 ,6'fl4 6'80 

0. C. M. Davis found the above formula represented satisfactorily his observations 
on the distribution of iodine between charcoal and various organic liquids, and he 
obtained results with various chqrcoals which agreed with the assumption that 
the adsorbed iodine consists partly of a surface condensation and partly of a sohd 
soln., but D. Schmidt-Waltef considered that the alleged slow difiusion of iodine from 
the surface to the ifiteripr of the charcoal is a mal-inference, for he attributed the 
phenomenon to a slow reaction between iodine end the organic liquid where the 
charcoal acted as a catalyst. G. Wiegner represented the distribution of sucrose 
and lactose between charcoal and water by the same formula; which also 
represents the distribution of potassium chloride between stannic oxide and water 
, (J, M. van Bemmelen); and between charcoal and water (H. Lachs and L. Michaelis). 
Other formul# have been discussed by H. Freundlich, J. M. McBain, W. Ostwald, 
I. M. Kolthoff, G. C. Schmidt, G. von Georpevios, R, Marc, G. Trttmpler, 0. Dietl, 
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A. M. Williams, etc. fl. Freundlioh, and Q. C. Schmidt showed that the same 
state of equilibrium with acetic or bensoio acid, charcoal, and water is attained 
by starting from both sides, so that in these cases the process is reversible. 
P. J. Moloney and D. M. Findlay studied the selective adsorption as a means of 
purifying insulin and similar substances. 

The selective adsorption of a salt from a soln. will appear to be reversed and the 
soln. will become more concentrated if relatively more of the solvent than of the 
solute is absorbed. This is called negative adsorption. S. Lagergren, for example, 
noted the negative adsorption of some chlorides and of ammonium bromide by 
charcoal; A. E. Esiirit, of ammonium iodate, dichromate, and chromate by charcoal; 
and M. A. Rakuzin and G. F. Pekarskaja, with Bismarck-brown by gelatin, etc. 
,J. Tadokoro and Y. Nakamura measured the adsorption with soln. of potassium 
iodide by charcoal made from different starches; and Y. Osaka obtained similar 
results with aq. soln. of sodium chloride, sodium sulphate, and potassium sulphate 
and with blood charcoal. With potassium chloride, the adsorption is positive when the 
cone, is relatively high, and negative when the cone, is low. This shows that the 
amounts adsorbed increases only up to a certain critical point as the cone, of the 
soln. is increased; any further increase in the cone, of the soln., the surface gives 
up some of the salt or the amount adsorbed is actually less than is the case with 
weaker soln. The theory has been discussed by .T. N. Mukberjee, and 
M. A. Rakuzin. According to F. T. Trouton, there are possibly two modes of 
adsorption. In one, there is a simple increase in the cone, of the soln. in the surface 
layers ; and in the other, with cone, soln., there is a deposition analogous to the solid 
form. 

The cause of the diminution in the cone, of the atlaorption layer at a certain critical 
value of the cone, is difficult to understand. Something analogous has been observetl by 
Lord Rayleigh in the thickness of layers of oil floating on the surface of water. As oil 
is supplif^ the thickness goes on increasing up to a certain point; beyond this, on further 
addition of oil, the layer thins itself at some places and becomes much tlucker at others, 
thicknesses intormodiate to these being apparently tmstablo and unable to exist. As 
helping towards an explanation of the diminution in the adsorption layer wo may suppcMe 
that as the strength of the soln. is increased from zero, the adsorption is at first merely an 
increased density of the solp. in the surface layer. For some reason, after this has roachoii 
a certain limit, further addition of salt to the soln. renders this mode of composition of 
the surface layers unstable, and there is a breaking up of the arrangeinont of the layer 
with a diminution in its amount. We may now suppose the second mode of deposition to 
begin to show its effect with a recovery in the amount of the surface layers ana a further 
building up of the adsorption deposits. On account of passing through this point of 
instability the process is irreversible, so that the application of therm^ynamics to the 
phenomenon of adsorption is necessarily greatly restricted in its usefulness. 

A possible cause of the instability in the adsorption layer which occurs at* the critical 
point may be looked for in the alternations in the sign of the mutual forces between aUracting 
particles of the kind suggested by Lord Kelvin and others. Within a certain uistuico 
apart^ -the mol. range--the particles of matter mutually attract one another, while at very 
close distances they obviously must repel, for two particles refuse to occupy the same space. 
At some intermediate distances the force must pass through zero value. It has for various 
reasons been thought that, in addition, the force has zero value at a second distance lying 
between the first zero and the mol. range, with accompanying alternations in the sign of the 
force. Thus, starting from zero distance apart of the particles, the sign of the force is 
negative or repulsive ; then, as the distance apart is supposed to increase, the force of 
repulsion diminishes, and after passing through zero value becomes positive or attractive; 
next, as the distance is increas^ the force mminishes again, and after {)assing through a 
second zero becomes negative for a second time ; finally,ethe force on passing through a 
third zero becomes positive, and is then in the stage dealt witb«i capillary and other 
questions. 

Thfl mechanism of adsorption. —In order to distinguish the condensation of 
gases on free surfaces from the absorption of gases in the molecular interstices or 
throughout the mass of the absorbing liquid or solid, H. Kayser ^ adopted a sug¬ 
gestion by £. du Bois-Reymond, and called the former case adsorption. The term 
is also applied to the withdrawal of a solute from a soln. by a solid. This may be 
due to (i) the formation of definite chemical compounds; (ii) the formation of solid 
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soln.; and of mixed crystals; and (iii) surface condensation. W. MecklenWg’s 
definition of adsorption is a'condensation or combination at the surface only without 
the interpenetration of the adsorbed substance throughout the mass of the adsorbent. 
J, W. Gibbs’ deduction of his equation (1.13,22) also assumes a definition of adsorp¬ 
tion analogous to this. J. W. McBain employed the term sorption to include both 
the surface condensation, and interpenetration. The general opinion of most 
investigators is that with gases adsorption is due to the mere condensation of gas 
on the capillary and other surfaces of the solid. The very name was intended to 
emphasize this view of the phenomenon. The preceding estimates of the thickness 
and density of the adsorbed film, and of the magnitude of the attractive force between 
the solid and gas assume that the adsorbed gas in a condensed form is spread over 
the exposed surface of the solid, and that the surface tension of the charcoal is 
lowered by the presence of the gas. 

8. Lagergren considers that adsorption by solids in contact with aq. soln. is due 
to the compressed state of the water in the surface layer. 8. Arrhenius, indeed, has 
drawn attention to the parallelism between the amounts of different gases adsorbed 
by charcoal and the coeff., a, of J. H.vanderWaals’ equation (1.13,4), and he regards 
this as definite evidence of the compressed state of the surface layer. J. J. Thomson 
showed that Laplace’s theory of capillarity leads to the conclusion that in the surface 
layers chemical actions, etc., which are absent in the body of the liquid, may occur. 
,1. W. Gibbs’ thermodynamical treatment of adsorption (1.13, 22) has been amplified 
by 8. K. Milner, W. C. McC. Lewis, and F. 6. Donnan and J. T. Barker. This 
attributes adsorption to changes produced in the surface tension of the solvent in the 
boundary layer. This view is adopted by H. Freundlich. Observations show that 
the amount adsorbed from a soln. is often greatly in excess of that computed from 
J. W. Gibbs’ equation. This arises from the circumstance that hero the attempt is 
made to explain adsorption in terms of the diminution of surface energy, or of a 
layer under a great internal press.; otherwise expressed, only one source of change 
in the free energy of the surface layer is considered. G. Bakker showed that if the 
density of the surface layer is different from that of the liquid in bulk, a second 
term is needed to represent the change in free energy. At low temp., this second 
term may be negligible in comparison with the surface tansion itself, but at high 
temp., the second term may be relatively large because the surface tension is small 
and the saturation press, large. A. M. Williams has also emphasized the effect 
of the variation in the surface of an adsorbent while it is adsorbing; and S. Arrhenius 
also emphasized the chemical aspect of the adsorption of gases by solids, since, in 
addition to the attractions between the mols. of a gas in the surface layer, there is 
also tjie ohemical attraction of the surface atoms and the mols, of the gas. 
L. Michaelis and P. Bona also show that the assumption of special forces at the 
surf8ce*fails to account for the facts, and that it is necessary to assume that adsorp¬ 
tion isjin effect of chemical affinity. They showed that charcoal has a great capacity 
for adsorbing substances with a chain of carbon atoms. 

C. Hoitsema assumed that hydrogen occluded by palladium {q.v.) is in the at. 
state and his isothermal at 0° is almost the same as that obtained by M. W. Travers 
at —78° for carbon dioxide. There is, however, no satisfactory evidence to show 
that the adsorption of hydrogen bj carbon is attended by such a change. Both 
P. D. Zaoharias, and M. W. Travers favoured the hypothesis that the process 
involves a kind of clogged diflhsion. Thus, H. H. Sheldon says that the action is dual, 
since besides the suWace action, there is a diffusion into the more inaccessiblo 
channels, which cannot be expected to take place until the easily accessible or 
directly expos^ parts are saturated. On the other hand, J. W. McBain observed 
that this assumption does not agree with his observations on the influence of press., 
where it is shown that the same length of time is taken for hydrogen to diffuse at 
160 mm.'press, as is taken at 20 mm. press., while P. D. Zacharias’ hypothesis 
* predicted that it would occupy 64 times as long. I. F. Homfray regarded the pro^ 
as one of dissolution or absorption rather than adsorption or surface condensation. 
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The objection to the soln. hypothesis is thet Henry’s law does not hold, but she 
attributes the deviations to the high cone, of the soln. It is assumed that the simple 
gas laws are valid for dil. soln. but not for cone. soln. The main objection to the 
soln. hypothesis, said L. B. Bichardson, arises from the improbability that equili¬ 
brium between the gas and solid phase would be attained so quickly as the 
0'5-2 0 hrs. actually observed. J. W. McBain combined the soln. and the surface 
condensation hypotheses by showing that when carbon is placed in hydrogen, at 
the temp, of liquid air, there is a rapid decrease of press, for a few minutes, and this 
is followed by a slow decrease continuing for several hours. It is supposed that 
the first rapid action is due to surface adsorption, and the slower action is caused 
by the penetration of the gas into the material of the charcoal by adsorption to form 
a kind of solid soln. The absorption of carbon dioxide at low temp, gives evidence 
of the same phenomena, but not at higher temp. J. B. Firth’s observations on the 
sorption of iodine by different forms of carbon at 25“, show that while the first 
rapid condensation occurs in a few minutes, the slower absorption may extend over 
months and years. E. F. Lundelius studied the adsorption of iodine from soln. in 
different solvents. G. Wiegner and co-workers found the adsorption of fatty acids 
from aq. soln. is augmented when 2iV-NaGl is used in place of water. B. Qustavor 
also considers that the isotherms of the adsorption by charcoal of the va|)our of 
water, alcohol, and acetic acid show a well-marked point of inflexion. The first 
part of the curve is taken to represent the reversible adsorption, and the second 
part is supposed to be due to the condensation of liquid in the pores of the charcoal. 

J. R. Katz argued that the application of H. Freimdlich’s adsorption formula is 
not a sufficient proof that the fixation of water by charcoal is one of surface 
adsorption, and he plotted the fixation isotherm and the heat of sorptisn as a 
function of the quantity of fixed substance. The curve has an almost horizontal 
middle part like that also obtained with fresh silicic acid. Assuming that the 
fonn of the curve is due to the existence of systems of mictocapillaries, the radius 
of the capillaries is calculated to be T2-2'6/c/i. d. H. Katz, however, considers 
it more probable that the effects observed are due to the difficult moistening of 
the solid by water. 

L. B. Richardson explains the adsorption process in the following words : 

Layers of gas, der'reasing in density outwards, are condensed througli the surface enerf^ 
of the solid at the boundary surfaces. An equilibrium between free and ar^rbed gas is 
thus established. Through a limited range, increase of press, causes increase in quantity of 
gas adsorbed in a fairly definite logarithmic ratio, but as the press, increases beyond these ^ 
limits, the relative amount of adsorption becomes less, the density of the smfaco layera 
cannot be increased on the former scale ; in other words, it becomes increasingly fiifileult 
for additional quantities of gas to take their plac'es in the already crowded surfagp region. 

A point should finally be reached at which increased press, would cause no measurable 
increase in adsorption. In the same way the crowdmg efloct causes a decrease in the 
relative amount adsorbed at constant press, with a lowering of the temp. At low temp., the 
possibility exists that a small portion of the total gas in the solid phase is absorbed (dissolved) 
in the structure of the charcoal. This portion is relatively slow either to enter or to leave 
the charcoal structure. 

M. Faraday, in 1834, implied that in the catalytic effect of platinum on the com¬ 
bination of hydrogen and oxygen, there is a kind of combination at the surface, so 
as to form a transition layer more than one mol. thiclf. He said: 

The surface is dependent on the natural condition of gaseous elasticity combined with 
the exertion of that attractive force, possessed by many bodies, especially those which are 
sdid, in an eminent degree, and probably belonging to all, by which they are drawn into 
association more or less close, wiUiout at the same time undergoing chemical combination 
though often assuming the condition of adhesion, and which occasionally loa^,smder very 
favourable circumstances, to the combination of bodies simultaneously subjected to this, 
attraction. . . . The sphere of action of particles extends beyond those other particles 
with which they are immediately and evidsotty in union, and in many cases proauoes 
efleets rising into considerable importanoe. 
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The failure of the theories of adsorption based on the assumption that the phe¬ 
nomenon is determined, in all cases, solely by surface energy led to the hypothesis 
that chemical affinity is also concerned in the process—oSe supra —and this is in 
harmony with M. Faraday’s conception of the adsorption of gases. This view 
seems the more probable when the preferential or specific nature of adsorption is 
taken into consideration. This aspect has been particularly emphasized by 
W. D. Bancroft (3. 23, 8), and the idea has been developed by I. Langmuu. The 
work of A. Eucken, and R. Lorenz and A. Land4 agrees with the assumption that 
adsorption and mol. surface forces are identical. 

T. P. B. Rhead and R. V. Wheeler consider that the fixation of oxygen by 
carbon involves the formation of a more or less indefinite compound, C»On+a:, 
because the adsorbed oxygen cannot be removed by exhaustion alone, and by 
increasing the temp, during exhaustion, not oxygen, but a mixture of carbon 
monoxide and dioxide in proportions dependent on the temp, at which the carbon 
has been heated during the fixation of the oxygen—presumably: C„0„+j=a:C0j 
-f-(n—a;)CO is evolved. The hypothesis was intended to explain phenomena 
attending the oxidation of carbon rather than the phenomena of adsorption. 
L. B. Richardson observed no signs of the formation of such compounds in his 
study of the adsorption of carbon dioxide by charcoal; and A. Eucken showed 
that in the case of the adsorption of argon by charcoal, it is unlikely that the 
adsorbed mols. are held by the attractions of chemical forces; and the adsorption 
forces are similar to forces responsible for condensation phenomena, they are 
almost independent of temp., and extend over a relatively small distance which 
is of the same order as the mol. radius. This can be taken to mean that there is 
an indf^nitely large intermediate range of phenomena between the two limiting 
cases where the chemical forces arc indefinitely small, and the surface tension large. 

A. Eucken further considered that the adsorbed film of gas on the surface of a 
solid is a kind of transition layer where the mole, ate attracted from a distance to the 
surface ; and G. Bakkct employed a similar hypothesis in developing a theory of 
surface, tension, for he assumed that the mols. in the transition layer are attracted 
to one another by a force which is an inverse exponential function of the distance 
between them. F. Haber has further emphasized his belief that the forces concerned 
in adsorption phenomena may be brought in close connection with chemical affinities. 
He said: 

The study of the action of X-rays on crystals has shown that ordinary crystalline salts 
I are not systems in which one anion and one cation form a mol. which is separated from the 
next, but that ene cation is probably bound to all the surrounding anions and one anion to 
all the 'surrounding cations. In consequence of that, we may feel inclined to consider the 
j}OssibilHy of cheimcal forces acting between the atoms or ions in the surface of the solid 
precipitates and the mols. or ions in the final layer of the surreunding liquid, f.e. in the . 
adso^tion layer. We may remember that there are good reasons for the belief that chemical 
forces are of eleotrical character, and we know from electro-osmosis and similar phenomena 
that electrical forces are always acting between the surface of the solids and the adjacent 
layer of fluid. 

The peculiar relations of the surface atoms or mols. to the other mols. of a Uquid 
or solid led 1. Langmuir to assume'that they are unsaturated chemically, and are 
surrounded by an intense fijsld of force. In consequence, when the gas mols. 
impinge against suolua surface, they do not, in general, rebound elastically, but are 
held there by the field of force (residual valence) of the surface atoms of the solid. 
The length of time which elapses between the condensation of a mol. and its subse- 
(]^uent evaporation depends on the surface forces. Adsorption is a result of this 
time-lag, for if the surface forces are weak, evaporation may occur very shortly after 
the condensation, and only a small fraction of the surface becomes coated with a layer 
* of adsorbed mols.; and if the surface forces are intense, the rate of evaporation 
will be negligibly smell and the surface will become completely covered with a layer 
of mols. of Ae gas. The number of layers of mols. so retained on the surface will 
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depend on the sphere of action of the surface of the solid. A. B. Lamb and 
A. 8. Coolidge showed that the films of adsorbed gas are at least one, and usually 
many mols. thick; and in support of this view, they quoted Q. Quincke’s observation 
that the sphere of action of silver has a radius of 6 X lO"* cm. which is more than the 
diameter of a mol., vide sitftra. I. Langmuir, and H. 8. Harned adapted the kinetic 
theory of gases to the a(&orption theory. The former started from the relation 
fi=p(2'rrAfftr)“ t, or /x=43'76 X10 representing the rate of bombardment 

of the gas mols. on a solid surface (1.13,2), when is the number of molecules striking 
unit surface per second, M the mol. wt., T the absolute temp., p the press., and ft the 
gas constant in ergs per degree. It was sliown that for an ideal gas, the rate of 
bombardment is proportional to the press.; and further, that the fraction of the 
solid surface cov.ered or the quantity of gas adsorbed at the press, p is o,,/(v (-tt;,), 
where a is a constant denoting the fraction of the total number of mols. of the 
gas that leads to a condensation on the surface—it is usually close to, and can never 
exceed, unity. Here, v denotes the rate at which the gas would evaporate if unit 
area of the surface were completely covered. 

In the simplest case, it is assumed that (i) the adsorbed layer is one mol. thick ; 
(ii) all mols. of gas which impinge on the layer of mols. already on the surface, 
rebound and do not condense ; and (iii) the ratio of the number of mols. condensing 
on unit surface in imit time, to the number evaporating from that surface in the same 
time, is constant throughout the process. The rate of adsorption will then bo propor¬ 
tional to the bare surface ; so that if A denotes the absorption capacity by weight 
per gram of charcoal, and A' the weight of gas adsorbed per gram of charcoal in the 
time t, the rate of adsorption dKjdt, will be : 

-A); or 


where kha constant. 


I. Langmuir deduced 
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where Nq represents the number of the elementary spaces per sq. cm. of surface, 
JV is Avogadro's number, dj, the fraction of the surface covered at equilibrium; and 
9', the fraction covered in a time (. The member on the left of the last equation 
should be a constant when the press, and temp, are constant. Again, if the sphere 
of action of the mols. at the surface of the solid extends beyond the film one mol. 
thick, a fraction of a second layer will be adsorbed. Assuming that the ratio of the * 
number of mols. condensing on the first layer to the number evaporatidg fr»m that 
layer is constant, then, for the first and second layers respectively; « 


~^=ki{a-x)-, and ^^^k^{xr-y) 


where x is the amount on first layer in time t; o is the amount on first layer when 
I is infinite; ki is the constant of the first reaction; y is the amount on second layer 
in time 1; k^ is the constant of the sexond reaction; aind ft is a coeft. such that oft 
equals the amount on the second layer when I is infinite. Here x-\-y—K, and 
o-t-oft=i4. H. 8. Harned tested these relations ^ith chloropicrin and carbon 
tetrachloride vapour, and found the observed results in ggneral agreement with 
I. Langmuir’s hypothesis. 
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§ 10. The Action oi Oxygen, and Water on Carbon 

Observations on the combustion of the diamond have been described in a special 
section in connection with the action of heat on the diamond. E. H. von Baum- 
hauer' showed that the flame is l.luish-violct resembling that of burning carbon 
monoxide. G. Rose detected small corrosion pits on the surface of a diamond which 
had been heated to about WOO', H. Moiasan gave for the ignition temperature 
of different kinds of diamond in oxygen : Yellowish-black diamond, 690°; hard 
black diamond, 7W°-720°; transparent Brazilian diamond, 760°-770“; Cape 
diamond, 780°-790°; Brazilian heart, 810“; Ca])e boart, 790“; and hard heart, 
800“. G. Rose said that flaky graphite burns less readily and compact graphite 
more readily than the diamond- tliu.s, after hiirning 13 min. flaky graphite lost 
27'45 per cent.; the diamoml, 97 76 per cent.; and compact graphite, HKI OO per 
cent. R. Blindow also said that flaky graphite burns less readily than the diamond. 
H. N. Warren noted that the graphite which separates from a soln. of carbon in 
ferromanganese is not so difficult to burn as that from manganese, while that from 
chromium was the most difficult to burn ; H. Moissau said that the graphite sftnilarly 
derived from platinum ignites in oxygen at 575“; and that from iron at 670°. 
H. Moissan gave 300“-5(X)“ as the ignition temp, of amorphous carbon in dry or 
moist oxygen. Amorphous carbon which has been heated at an elevated temp, is 
more difficult to burn in oxygen than charcoal carbonized at a lower temp. 
H. Valerius said that the temp, of burning carbon is 1678°. Demonstration experi¬ 
ments illustrating the combustion of carbon, graphite, and diamonds have been 
devised by R. Blindow, A. P, N. Franchimont, A. W. Hofmann, B. Lepsios, E. Prime, 
J. Volhard, and C. J. Woodward. 

H. Karston said that finely divided amorphous carbon is Oxidized in dry air at 
ordinary temp., and carbon dioxide is formed. R. A. Smith noticed a peculiarity 
in the relations of oxygen to charcoal which was not exhibited with hydrogen, 
nitrogen, and carbon dioxide. The absorption continued for a month, atftl when the 
attempt was made to drive ofi the oxygen by heat, carbon dioxide in place ohpxygen 
was evolved. This observation was confirmed by H. Kayscr, and J. Botun. 
H. H. Lowry and G. A. Hulett considered that there is evidence of a slow rtaction 
between carbon and adsorbed oxygen at ordinary temp, resulting in the formation 
of a non-volatile oxide. M. Aubert, indeed, said that large masses of finely divided 
wood charcoal may ignite spontaneously when exposed to air. F. C. Calvert, 
however, could detect no evidence of the formation oj carbon monoxide or dioxide 
by the oxygen adsorbed by purified charcoal-»-the adsorbed oxygen could oxidize 
ethyl alcohol to acetic acid; and ethylene to carbjn dioxide and water. These 
reactions do not occur with carbon monoxide or dioxide in jlace of oxygen. TRe 
evidence is not always satisfactory because in some cases there is the uncertainty 
whether the charcoal used contained hydrocarbons, which, as previously indicated, 
are very likely impurities in charcoal. H. H. Lowry and 8. 0. Morgan showed 
that at 460“ the rate of oxidation of different samples of charcoal is roughly 
proportional to the amount of chemically combined hydrogen present, and 
to the extent of surface exposed, W. Skey showed that at a red heat, the, 
oxygen is probably removed from the adsorbed air by oxidation because nitrogen 
alone was pven off by the cooled charcoal. 
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H. Moissan found that carefully charred bituminous coal is dowly oxidized at 
100° by dry or moist oxygen at atm. press., and this without visible combustion. 
F. H. Storey and D. S. Lewis obtained evidence of oxidation at 200°; E. Blumtritt, 
at 140°; and G. Craig, at a red heat. As previously indicated, J. Dewar did not 
detect any appreciable oxidation of carbon to carbon monoxide or dioxide by 
adsorbed oxygen between —185° and —15°. C. J. Baker verified R. A. Smith’s 
statement that the moist oxygen adsorbed by carbon a‘t —12° was given up as carbon 
dioxide when the carbon was heated to 100“. 0. Meyerhof and H. Weber studied 
the self-ozidaiion of charcoal in alkaline solo. When animal charcoal is suspended 
in dil. alkali-lye, oxygen is absorbed and carbon dioxide formed; 4 cals, of heat are 
evolved per c.c. of oxygen used. The velocity of oxidation is increased 60 per cent, 
when air is replaced by oxygen. The self-oxidation is a surface effect and is inhibited 
by various urethanes to different extents. The inhibition is due to a displacement 
of the adsorbed substance from the surface, while the adsorbed hydroxyl-ion is not 
affected. The degree of oxidation is proportional to the amount of adsorbed 
hydroxyl-ions. 

For the rise of temp, which occurs when water is mixed with carbon, vide 
W. Skey,2 C. S. M. Pouillet, etc. A. Scholtz found a finely ground charcoal dried 
at 100° absorbed 66 per cent, of water before any supernatant liquid apjreared; and 
with up to 30 per cent, of water, the powder appeared sensibly dry. J. C. Pog- 
gendorfl noted that if carbon electrodes are used in the electrolysis of water, carbon 
monoxide and dioxide are given off. According to P. Degener and J. Lach, if 
freshly calcined animal charcoal be moistened with as much water os it can adsorb, 
and layers 6-8 cms. deep are exposed to air and light, hydrogen peroxide and ozono 
are formed. E. H. von Baumhauer observed that diamonds are not changed when 
heated \o whiteness in water vapour. A. P. Dubrunfaut found that sugar charcoal 
burns when heated electrically in an atm. of water vapour, or in moist air; and 
B. Lepsius made a similar observation. C. J. Baker showed that neither carbon 
monoxide nor carbon dioxide is produced when water is boiled with carbon at 100°. 
F. Clement and J. B. Dtisormes found that when water vapour is passed over red-hot 
charcoal, in a porcelain tube, a mixture of hydrogen and carbon monoxide and dioxicle 
is formed. R. Bunsen noted that the system attains a stationary state when the 
proportions of these gases are 4 vols. of hydrogen, 2 vols. of carbon monoxide, and 
one vol. of carbon dioxide, but J. H. Long showed that the products are not distri¬ 
buted in the simple proportions assumed by R. Bunsen, for the proportion of 
carbon monoxide steadily decreases as the carbon is oxidized. According to 
> J. Lang, the reaction between carbon and steam begins at about 600° when 
20'4 per Cent, of carbon dioxide, and 0 9 per cent, of carbon monoxide are 
produegd along with hydrogen; and at a higher temp., carbon monoxide 
appears, and the proportion of carbon monoxide increases until the carbon 
monoxide itself begins to be oxidized by the steam. This proportion is inde¬ 
pendent of the depth of the carbon through which the gases pass. It was 
therefore inferred that the primary reaction is C-|-2Hj0^2H2-f COj, but there are 
a number of side reactions: COj-l-C=2CO; and CO-t-H20=COj-t-Hj. The 
reactions have been studied Jiy A. Neumann. P. Farup investigated the reaction 
C-t-HjCHiaCO-t-Hj. H. A. Neville and H. 8. Taylor found that alkali carbonates, 
alkaline earths, and various s^lts promote the reaction between steam and carbon. 
Potassium carbonate |b the most active salt catalyst. R. T. Haslam and co-workers 
showed that the reactions C+H 20 =C 0 -|-H 2 and C-t- 2 H 20 =C 02 -f- 2 Hj take place 
at the surface of the carbon and are unimolecular. C. Sandonnini also inferred that 
carbon is not a catalyst for a detonating mixture of hydrogen and oxygen, and 
that from 300° to 500° it absorbs oxygen, which it gives off at a higher temp, 
as carbon .monoxide and dioxide. Nickel accelerates the reaction. 

. In 1794, Mrs. Fulhame assumed that the presence of moisture is necessary for the 
combustion of charcoal in air; and in 1871, A. P. Dubrun&ut inferred from smne 
inadequate experiments that carbon does not bum in oxygen without the interven- 
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tion of water vapour. J. B. A. Dumas denied this by some inconclusive experi¬ 
ments in which carbon and oxygen, dried by potassium hydroxide and sulphuric 
acid, were found to bum completely to carlran dioxide. Ho asked; fee gas des- 
licha par ces procedis, sont-ils absolumerd privis d'eau ? and added that it would 
be difficult to affirm that the gases thus desiccated arc absolutely dried since I'l n'y 
a rien d’absolu dans le monde materiel; but it is certain that any trace of water 
which remained could not be detected in any known way. The weakest part of 
J. B. A. Dumas’ work was in the drying of the carbon. H. B. Baker has proved, in 
a most convincing way, that carbon and oxygen, when highly purified, do not readily 
combine together at a high temp., for, on heating purified charcoal in well-dried oxygen 
to redness in glass tubes, he observed no glow or scintillation (which is immediately 
produced in the presence, of water-vapour); but on opening the vessels, part of 
the oxygen was found to have combined with the carbon, forming carbon monoxide 
and carbon dioxide. Whilst these experiments show the great influence of steam in 
bringing about the union of carbon and oxygen, they do not decide the question 
whether charcoal and oxygen would combine at all in the complete absence of 
moisture. W. G. Mixter added that it has not been decided if carbon would remain 
unbumt in oxygen if both reagents were perfectly dried, since carbon always retains 
some occluded hydrogen which burns to water. The subject was also discussed by 
B. H. Bremridge, K. Broockmami, etc. Mrs. Fulhamo explained the function of 
water as follows: 

During the combustion ot charcoal in air, the carbon attracts the oxygen of the water 
and forms carbon dioxide, while the hydrogen of tho water unites with the oxygiMi of tha 
air to form a new quantity of water equal to that docompo8e<i. Hence the car^n of tho 
charcoal does not unite with the oxygen of tho air, ae Lavobfior auppoHoa, but with the 
oxygen of the water contained in that goa. 

L. C. A, Barrcswill * showed that if carbon ho burnt at a low temp., carbon 
dioxide is almost exclusively formed, and the same result is obtained if air be passed 
through a thick layer of carbon at a low temp.; but at a white-heat, the product 
is nearly all carbon monoxide —vide carbon monoxide. In confirmation, A. Ledebur 
found, at the following approximate temp.: 


350® 

440® 

520® 

70f»® 

1100 ® approx. 

21-4 

27-6 

280 

37 4 . 

98’7 per cent. 

78-0 

72-4 

71-4 

02*0 

1-3 


According to W. Hempel, at a high temp, carbon monoxide and mere traces of 
carbon dioxide are produced, and the product is not influenced by the presence 
of much or little oxygen. F. C. G. Muller discussed this subject. .According 
to R. Ernst, the composition of tho products of combustion depends almost 
exclusively on tho temp. The formation of carbon dioxide begins aT about 
400°, and at this temp, there is already a small quantity of carbon mqpoxide 
produced. The maximum production of carbon dioxide occurs at about 7(X)°, 
and amounts to some 20 per cent, of the products (including the nitrogen of 
the ail used); up to this temp, the formation of carbon monoxide is but small, 
hardly exceeding 3 per cent.; the oxygen, however, is entirely used. At higher 
temp., the carbon dioxide rapidly disappears, giving place to carbon monoxide, until 
at 995° this gas amounts to 34 per cent., the remainder being atm. nitrogen. It 
must be not^, however, that the rate of passage of*the air was much leducod in 
those experiments in which the highest temp, were maintained; no reason is 
assigned for this. There was no further change in the composition of tho products 
up to the, highest temp., 1092°, at which M. Ernst experimented. The production 
of carbon monoxide could not be induced at a lower temp, by altering the other 
experimental conditions. It is concluded that carbon monoxide is the only oxida¬ 
tion product of carbon at 1000°, and that producer gas should be prepared at this 
temp. By substituting carbon dioxide for air, it was proved that this gas is never ‘ 
entirely r^uced to carbon monoxide by the hot fuel, so that, where the production 



01* irtuBWAi'inj A^iv ixijsuxvriiUJAij tinjsMiB'i'BX' 

of carbon monoxide is preceded by that of carbon dioxide, some of this gas must 
appear among the products of combustion; it may be concluded, therefore, that the 
carbon burns directly to carbon monoxide at the. high temp. 0. Manville showed 
that the formation of carbon monoxide and dioxide by the direct action of oxygen 
on carbon depends on the nature of the carbon; on its physical and chemical 
state, the veloeity of the current of oxygen, and on the time. When carbon 
has been heated in vacuo, and cooled slowly, and the operation repeated many 
times, the temp, at which it unites to form the oxides are higher than the 
initial values. This effect may partially be due to the gradual removal of 
hydrocarbons. 

It was assumed that the first product of the reaction is carbon dioxide, 

; and that in a secondary reaction, the carbon dioxide is reduced 
to the monoxide, C02+C=2C0. This view is adopted by D. I. Mendeleeff, F. Haber, 
and others. J. Lang also inferred that carbon dioxide is the first product of the 
reaction, because when oxygen was passed over gas carbon contained in a glass 
tube heated to 500°, it was found that the carbon dioxide was not reduced. The 
products of combustion varied with the speed of the passage of the oxygen, the 
carbon monoxide formed being less the slower the gas-stream, and disappearing alto¬ 
gether with very slow streams. Hence, argued J. Lang, the carbon monoxide found 
with quick streams was produced by the reduction of the carbon dioxide first 
formed, owing to local heating of the carbon. With very slow streams no local 
heating would occur, and therefore there was no reduction of carbon dioxide. 
H. B. Dixon claimed that these experiments merely show that carbon dioxide is the 
end-product of the reaction when oxygen is slowly passed over coke at 500°; and 
they do not contradict the hypothesis that carbon monoxide is the first product of 
the oxqiation of carbon. 

A mixture of oxygen and carbon monoxide was passed at different speeds 
over carbon heated at 500°. With slow gas streams the whole of the oxygen was 
converted into carbon dioxide, and the carbon monoxide passed through the tube 
unchanged. With rapid streams more carbon monoxide was found in the products 
than was present in the original mixture, some of the carbon dioxide first formed 
being reduced by the carbon. J. Lang, therefore, concluded that, since the oxygen 
was converted into carbon dioxide under such conditions that the carbon monoxide 
present was not acted on, the carbon dioxide must have been formed without the 
intermediate formation of carbon monoxide. H. B. Dixon was unable to confirm 
J. Lang's experiments ; and, indeed, obtained contradictory results. 

In 1861, P. Tunner, and, in 1872, I. L. Bell argued that carbon monoxide, not 
carbon dioxide, is the first product of the combustion of carbon, so that the 
primal^ reaction is 20-1-02=200, and the secondary combustion of the monoxide 
furnishiss carbon dioxide: 2CO-f02=2002. It wilt be observed that the theory of 
probability and the simple kinetic hypothesis (8. 18, 4) make the reaction: 
0-f02=002 much more likely to occur than 20-1-02=200. H. B. Baker showed 
that when a stream of thoroughly dried oxygen is passed over charcoal at a red heat, 
no glowing occurs, but a little carbon dioxide and much carbon monoxide is formed, 
the oxygen in all cases being in excess. The drier the materials, the less the amount 
of carbon dioxide produced. ■ On the other hand, when a mixture of carbon and 
platinum black was heated to redness in oxygen no glowing was observed, but a 
K>rtion of the oxygen united with the carbon, forming carbon monoxide only. 
Since moisture and platinum both induce the union of carbon monoxide with 
oxygen, and in the absence of these substances carbon monoxide is the main 
ptMuct, the results " seem to point to the conclusion that carbon first burns 
to carbon monoxide.” H. B. Baker also passed mixtures of oxygen and 
nitrogen, not specially dried, over purified carbon between 400° and 600°, and 
found that the proportion of carbon monoxide increased as the temp, was lowered, 
'and as the proportion of oxygen in the mixture was diminished. Hence it 
was inferred that the carbon monoxide in these experiments could not be due 
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to the redaction of carbon dioxide because carbon monoxide is not reduowl by 
charcoal at 600°. C. J. Baker found that dried carbon which had absorbed dried 
oxygen at 12°, yielded only traces of gas on raising the temp, until, at 460°, the 
^ gases evolved consisted almost exclusively of carbon monoxide. He therefore 
concluded that carbon is burned directly to carbon monoxide by adsorbed oxygen. 
H. Wieland confirmed H. B. Baker’s observation that carbon burns slowly in dry 
oxygen at 730°. H. B. Dixon, and H. B. Baker found that purified charcoal does 
not reduce well-dried carbon dioxide at about 630°. All this favours the assumption 
that carbon bums to carbon monoxide, but, as H. B. Dixon stated, “ a dwisivo proof 
is still required.” It was not found possible to show that the rate of either 
Cd'Oj—(’O 2 , or 2 C-f 02 = 2 C 0 , can proceed at temp, under which the rate of 
C 02 - 1 -C= 2 C 0 , is inappreciable. 

H. B. Dixon’s work on the burning of gaseous carbon compounds leaves little 
room for doubt that in burning gaseous carbon comiiounds, carbon monoxide is 
produced before carbon dioxide. For examjile, H. B. Dixon, K. H. Strange, and 
E. Graham showed that the velocity of the explosion-wave is higher when the gas 
is half-burnt to carbon monoxide than when there is enough oxygen present to burn 
it completely. Moreover, the substitution of inert nitrogen for the additional mol. 
volume of oxygen required for complete combustion produces less retardation. So 
far as the propagation of the explosion-wave is concerned, therefore, the siH-ond 
mol. of oxygen is inert. This is well shown by the following rates of explosion; 

Mixture of gases . . OjNj f Og C’jNj-tgO, CiNj-f-Oj-pNi 

Kate of explosion . . 2728 2.721 2728 met res per second 

Further, the flame is not only propagated more quickly, but the press, is higher 
and the reaction completed sooner in the first than in the second case. The only 
conclusion to be drawn from these results is that the formation of carbon monoxide 
precedes that of carbon dioxule. 

In every case where attempts have been made to find if carbon oxidized to carbon 
monoxide or dioxide, both gases occur among the products of the reaction. Hence, 
it is not at all unlikely that we arc dealing with concurrent reactions, say: 

fflC i J(tt ! 

H. E. Armstrong suggested that carbon monoxide and dioxide are produced by 
the breaking down of a complex oxide of carbon; and T. F. E. Rhead and 
E. V. Wheeler developed the idea. At no temp, at which the rate of oxidation of ' 
carbon can be measured were they able to show that there is a primary fnmnation 
of carbon dioxide or of carbon monoxide. Some carbon monoxide is paoduced 
during the oxidation of carbon at low temp, under conditions which do not admit of 
the reduction of carbon dioxide by carbon. On the other hand, carbon dioxide is 
undoubtedly produced at low temp, in quantities which caimot be accounted for by 
the supposition that carbon monoxide is first formed and then oxidized to carbon 
dioxide. Their measurements of the rates of the various reactions between oxygen, 
carbon monoxide, carbon dioxide, and carbon lead to the conclusion that in the 
burning of carbon, the two oxides arc proddbed simultaneously. Neither of the 
oxides is the primary product of the oxidation in th(»senso that it takes precedenpe 
over the other. They assume that the oxygen is first fixed by the carbon so as to 
form what they call “ a loosely formed physico-chemical complex ” to which no 
definite mol. formula can be assigned, but, they say, which can be regarded as an 
unstable complex CiO„ where the symbol has a different meaning to that usually 
employed in chemistry. H. H. Lowry and G. A. Hulett support this hypothesis. 
Drmng combustion, each oxygen mol. which comes into collision with the carbon 
becomes fixed in so far as it is rendered incapable of further progress by the attraction^ 
of several carbon mols. They added : 
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A ooDsiderable evolution of heat takes during this attachment of oxymn mole., 
DO much so that some of them eventuaUv acquire sufficient energy to seize hold of a carbon 
atom and depart with it as carbon dioxide, wmo of them become tom in the process 
—become atonuzed—and leave the carbon moL as carbon monoxide, llus formation of a 
complex, and partial decomposition as fresh oxygen mols. become attached, goes on until 
the carbon becomes ** saturated,” the products of combustion during this period (a com> 
paratfvely short one) being CxOy, CO|, and CO. After the carbon has become sat. there is 
an alternate formation and decomposition of the complex. Each oxygen mol. that im* 
pinges on the carbon is at once seizi^ hold of to form the complex, but the energy set free 
when this occurs decomposes an oq. proportion of the complex formed from previous 
oj^gen mols. So that, finally, when air is passed over sat. carbon maintained at a constant 
temp, bv the application of an external source of heat, carbon dioxide and carbon monoxide 
appear in the products of combustion in volume sufficient to account for the total volume 
of oxygen in the air originally passed. In the normal burning of carbon, tlierefore, the 
carbon dioxide and carbon monoxide found as the apparently primary products of com¬ 
bustion, arise from the decomposition, at the temp, of combustion, of a complex the 
formation of which is the first result of the encounters between oxygen and carbon mols. 

The reaction : 2C-f-02=2C0.—The rate of the reaction : 2C-t-02—2CO has not 
been investigated. F. Pollitzer calculated for this reaction, X~Ooj/C‘®co I 
log 13148r 1'75 log T+0 000634T—4-2. The free energy of the reaction 

F—60l00-l-8riogr-|-20’4T—0‘CI029T‘^; the thermal value of the reaction 
4*-60100—3’6r-f0 ()029r2. Hence, at the absolute temp, 

0' 300® 1000® 2000® 

F . . . 60,100 71,800 101,600 141,300 

g . . .60,100 69,300 69,600 64,700 

The reaction : C4-02=C02.—P. Farup determined the rate of the reaction: 
C-1-02=C02 between oxygen and graphite or arc-lamp carbon, at 455®, 485®, and 
615® ; and between air and graphite at 485° and 515°. If x denotes the per cent, 
by vol. of carbon dioxide formed in the time the rate of formation of carbon 
dioxide is assumed to be: 

dx . ,1, a 

where it is the velocity constant and a is the initial volume of oxygen. 

451)” 486’ 515” 

X . . i'39 1'62 fiii iTlO 3'73 M’lT iTii M7 

k . . 0-n 0-10 032 033 0-38 1-21 1 16 1-21 

Similarly experiments with air gave t'=l’605 at 515°, and-0'486 at 486°. For 
oxygen, at a temp. 9°, log o+M, and between 465° and 615°, the ratio lo/i, is 
1'60; and for air between 485° and 516°, 1'52. T. F. E. Bhead and E. V. Wheeler 
also made mcasnrements of the rate of oxidation of wood charcoal at 350°, 400°, 
and 600°. A rise of temp, of 150° from 360° to 600° increases the rate of the reaction 
five- or six-fold. They noted at 360° and 400° respectively 0'20 and 0'60 per cent, 
of carbon monoxide; and at 600°, 


Time, t min. . 

0 

30 

45 

60 

120 

Total press., P min. 

. 466*2 

4360 

424-3 

418*3 

408-4 

Fertial press., pco mm. 

. •—o 

37-4 

38-6 

41*0 

36*7 

Partial press., po. mm. 

. 06*4 

18-7 

8-9 

3-3 

— 

k . . . ’ . 

. — 

0-0237 

0-0230 

0*0244 

— 


At the end of 30 min., at 500°, the gases contained 8'6 per cent, of carbon monoxide. 
They found aimilar rates with air and oxygen, and since the reduction of carbon 
diome by carbon at these low temp, is inappreciable, they concluded that no 
amount of local heating of the carbon can explain the formation of this carbon 
monoxide. 

- For the equilibrium constant K=CoJOoo,, P. PoUitser gave log 
—21360r~i—(►•4, so that for T=1273, logfiL=—17‘1, the observed vidue it 
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—16’27. W. Nomst calculated the free enei^ of this reaction to be 97700+l'828r 
—0-00007r*, from which he inferreii that the reversible combustion of a gram-atom 
of carbon by oxygen to carbon dioxide at atm. press, is 98,240 cals, at 7=300“; and 
since the thermal value of the reaction at room temp, is 97,650 cals., it follows that 
the heal of combustum of carbon at atmospheric temperatures is almost compleieljf con¬ 
vertible into external work. 

The reaction : 002-1-0=200.—The reversibility of the reaction C02-|-Ce=i2C0 
was discovered by H. St. C. Deville * with his le tube chaud ei froii, for it was known 
that heated carbon reduces carbon dioxide to the monoxide, and he observed that 
when carbon monoxide is heated to a temp, rather lower than the m.p. of silver, a 
little carbon dioxide is formed, but above 1000° none could be detected. This is in 
accord with general principles (2.18, 4), for the reaction 2CO=;COj-|-C is exothermic 
evolving 39 Cals., hence, the quantity of carbon monoxide is increased by raising 
the temp. I. L. Bell noted that the d^mposition is accelerated by finely divided 
metals—nickel, cobalt, iron, etc. R. Schenek and co-workers also found that the 
reaction is greatly accelerated by finely divided iron, nickel, or cobalt, but not by 
the oxides of these metals. With nickel and cobalt the reaction at 445° behaves as 
if it were bimolccular : 2CO=C-f CO.^, and between 256° and 445°, monomolecular : 
CO=C-f 0 followed by 00+0=000. P. Sabatier and .7. B. Senderens explain the 
catalysis by assuming the cyclic reactions M+00=M0+(\ and M0+('0 --M-f-COj. 
These reactions have also been studied by F. Zinimermann, A. Sniits, M. Bodenstein 
and C. C. B’ink, B. Gruner, E. Berger and L. Dclmas, etc. H. A. Neville and 
H. S. Taylor found that the reaction between carbon and carbon dioxide is accelerated 
by the presence of alkali carbonates, alkaline earths, carbonates, sodium chloride 
or silicate, borax, nickel, or copper. Potassium carbonate is the most active salt 
catalyst. Reduced nickel promotes the reaction. It is assumed that the absorption 
of carbon dioxide by carbon is augmented at 445° by these accelerating agents which 
alone show no absorptive capacity for the gas. R. T. Haslam and co-workers say 
that the reaction between carbon and carbon monoxide is unimolecular, and takes 
place at the surface of the carbon— vide carbon monoxide. 

0. Boudouard studied the equibbriuin conditions from right to left at 650°, 860°, 
and 925°. He used iron, nickel, and cobalt as catalytic agents; and from loft to 
right without catalysts. The importance of the reaction in producer-gas practice 
has attracted other workers—M. Mayer and ,1. Jacoby, K. Arndt and G. Schraubc, 
T. F. E. Rhead and R. V. Wheeler, J. K. Clement, etc. -R. Schenck and F. Zimmer- 
mann,found that it is not the metal oxides, but rather the reduced metals which act 
catalytically. This docs not agree with 0. Boudouard’s conclusion. R. Schencl^ 
and F. Zimmermann’s results at low temp, do not agree with those of O.'Boudouard ; 
the latter said that the dissociation of carbon monoxide is complete at 446°, while 
the former obtained 52'8 per cent, as the equilibrium value. There is a difference 
in the value of the constant K=CmJC^i <) obtained with different kinds of carbon; 
and K. Schenck and W. Heller obtained 1 :5:6'5 for the values of K with graphite, 
carbon from carbon monoxide, and wood or sugar charcoal. The difference is a 
consequence of the law of mass action, for if p denotes the vap. press, of carbon, K is 
really equal to K'p, where K' is a constant; and since the vap. press, of carbon 
varies from one modification to another K'p will be constant for any particular 
modification of carbon used. For equilibrium, theg’esults indicated in Table MU 
havq been observed. F. PoUitzer found that at a constant press., K=Co()JC*oo, 
and log Ary=8200T-»-l-75 log 7+0 00067-3-8. K. JeUinck and A. Diethelm rave 
logN,=83007^i-l-78 log T+0 0006867’-3-876. Their data are indicated in 
Table XIII. 


T. F. K. Rhead and B. V. Wheeler found that the effect of temp, and jireiMi. on tha 
i4|uiUbriuin can be r e p r o a o nted by H. le C^telier’a formula: ^ 

p 4 . . 

TOU V. ’ 3 tb 


/ ^dT n a 

® jT +{^t-Ni) log* p + 
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where Q denotes the total lieat of the reaction at T** K.; the press, in atm.; and 
the numbers of mols. on the left and right sides of the equation respectively—the sub* 
ecripto 1 and 2 resjioctivoly refer to the initial systems; nj, n'l, . . . and n 2 » n'^,. . . repre* 
sent the number of molecules of the different substances taking part in the reaction ; and 
C], (7']t.. . and C'^, . . . denote the cone, of the different substances concerned in the 
reaction. For the system 2C0s^C02+C; whenp^^l^ with the system in equilibrium, 
(^ 2 —^ 1 ) logep=0 ; and if Q=39 Cals., the equation becomes IQSOOr-'+logo 
For variable press., assuming that the lieat of the reaction i% Q=38065-j-2*022’ —0'0031T*, 
the equation becomes J(?T -logo p+logo lC*JC 2 )—k, 


Table XII.—Proportions op Carbon Monoxide in Equiubrium with Carbon Dioxide 
IN THE Presence op Carbon at Dipferent Temperatures and Atmospheric 
Pressure. 


Temp. 


700“’ 

760“ 

800“ 

860“ 

000 “ 

960“ 

1000 “ 

1060“ 

1100 “ 

1200 “ 


0. BoudouaiO. 

M. Mayer and 
J. Jacoby. 

68*fi7 

00*11 

76*94 

76*94 

87-05 

86-90 

«4*()6 

93-21 

97*10 

90-40 

98*77 

! 98-12 

99-00 

98*97 

I 

! — 


(J. Sfhraube. 

T. F. K. Kheatl 
and R. V.Wheelt ‘1 

63-44 


78-00 

— 

88-69 

— 

94*16 

93-77 

96*95 

97*78 

98-15 

98*08 

99-00 

99*41 

— 

99*63 

— 

99-86 • 

— 

99*94 


Table XUI.— Isotherms and Isobars op the Equilibrium, Conditions in the Rpjaction 

C+C02«2C0. 


Temp. 

j log Kp. 

1 

1 atm. 

Per cent. COj by volume 

50 atm. 1 100 atm. 

200 atm. 

600 

. 22-603 nr s 

02-70 

9900 

10000 

100-00 

660 

. 10-842 X Hr » 

86-11 

97-62 

98-63 

98-98 

600 

9*965 X 10-^ 

72-88 

96*63 

96-89 

97*79 

060 

. 4*717x10-8 

66-38 

02-08 

94-27 

96*08 

700 

3-0003 X 10-> 

38-17 

87-60 

90*23 

93-lb 

760 . 

: 2*6770x 10-8 

22-62 

79-48 

86-01 

98*13 

8()0 

2*2020 xur 8 

12-26 

70-29 

77-88 

83*77 

85C 

1 1*8670x10-8 

0-3 

60*38 

69-03 

76*88 

900 

l-6420xl0-> 

3-2 

47*68 

68-89 

68*62 

960 

l-2660xl0-» 

1*6 

36*48 

48*22 

69-30 

1000 

0*0410 x 10-8 

0-7 

24-70 

36*88 

47*72 

1050 

0*7470 x 16-8 

0-4 

17*78 

28-63 

4006 

1100 

0*6260x10-8 

0-1 

12*00 

24*09 

32*47 


Th6 fdftctioii i ^04-0 j^ 2C02--« H. St. C. Deville ® investigated this reaction 
in the vicinity of 1200° in his le tube chatd a frmd. The subject was investigated by 
B.'Bunsen, J. M. Crafts, E. Mallard and H. le Chatelier, 0. Hahn, C. Langer and 
V. Meyer, H. B. Dixon and H. F. Lowe, A. Jaquerod and F. L. Perrot, M. Berthelot 
etc. F. Haber and A. Moser investigated the reaction at 445° and 518° by measuring 
the e.m.f. of a gas cell with a solid electrolyte. H. le Chatelier and E. Mallard, and 
N. Bjerrum employed the explosion method. I. Langmuir used heated wires; 
L. Lbwenstein, W. Nemst, and F. Emich used the vapour density method. 
F. Poliitzer computed that the heat of the reaction Q=135210+3-5r—0'0027r2; 
andlogiC*=—29600r“t4-l '75logT—O'OOOSBT+SA. If p be the partial pressures 
of the components; P, the total press.; and x, the degree of dissociation of the car- 
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bon dioxide, then, as in the case of water, K—p^uPoJpvo, I or K= 3 fil 2 {l—x)°-, 
and when P=l, x is very small, so that A'= Ja:», or log ff=3 logx—log 2; hence, 
31oga:=—29600r"i+l'76 log IT—0'00058r4-3'4. Hence, given either i or T, the 
other can be calculated. W. Nemst and H. von Wartenberg found for *—0 00419 
per cent., T ob3.=1300‘’, calc. 1375° ; and for *=0 029 per cent., T obs.=1478°, and 
calc. 1560°. For the percentage degrees of dissociation of carbon dioxide at different 
press, and temp., vide Table XIV. J. E. Trevor and F. L. Kortright calculated 

Table XIV. —Percentage Dbgkeks of DissociATioN of Carbon Dioxide at Different 



Temperatures and Pressures. 


Temp. T K. 

, /'--lO atm. 

/’~l atm. 

/’.-O'latm. ^ 

/’-OOl atm. 

1000® 

i 

7-31 xlO-* 

1 

1*58x10 » ! 

3-40x10 * 

7*31X10 * 

1500® i 

l’88xl0 * 

4*06 X 10 » 1 

1 8-72x10 « 

0-188 

2000® ! 

0-818 

1-77 

3*731 

7-88 

2500® i 

1 

7-08 

15*8 

30-7 

53 


the percentage dissociations and heats of dissociation, Q, indicated in Table XV. 
M. Pier found that the calculated values for the dissociation of carbon dioxide arc 
higher than the observed, and this is taken to mean tliat the sp. ht. of the gas 
increases more rapidly above 2000'^ than is allowed for in the calculal ion. N. Bjerrum 
found for the dissociation at the absolute temp, 'f, 

T . . . 1600^ 2640'’ 2879^ 2945® 3116® K. 

Dissociation . 0-04 21‘0 51’7 64'7 76'1 per cent. • 

Table XV. —Percentage Dissociation of Carbon Dioxide at Different Temferaturer 
AND Pressures. 

Frc'ssurvs In atiiio^idicrcH. 



0 001 

0 01 

9 i 

1 

JO 

j 100 

0 

1000 ' 

O-ll 

0-05 

0*024 

0011 

0 005 

' 0*0024 

1 

-02,662 

1500 

9-6 

4*6 

2*2 

10 

0-5 

, 0*2 

-66,125 

2000 i 

57*7 

34*7 

18*3 

9*0 

4*3 ! 

1 20 

- 46,767 

2500 ' 

87-0 

69*6 

46*0 

25*7 

130 

! 6*3 

-34,640 

3000 

93-9 

83*4 

62-7 

140*01 

21*6 

1 lU-8 

-19,742 

3500 ; 

95-4 

. 87*0 

69*7 

46-1 

25*7 

■ 13*0 

• 0» 

4000 : 

95*1 

86*4 

i 66*6 

45 0 

240 

; 12*6 

j 
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WbrndkeoroH, Stnttgwt, 80, 1912; R. Buiuien, Pogg. ilmi., 181. 181, 1887! E. M»U»td (od 
H. I8 ChateUer, Compl. Said., 93. lOU, 1881 j M. Berthelot, 140. 906, 1905; A. Jaanurod 
and F. L. Parrot, ib., 140. 1542, 1906 ; J. M. Cralta, ib., 90. 309, 1880; Atmr. Cbm. /oant., 
2.98,1880 i 3. E. Trevor and F. L. Kortright, ib., 18. 011,1896; H. B. Dixon and H. F. Lowe, 
Joum. Cfem. Soc., 47. 671, 1886; Cbem. Hem, 61. 309, 1886; C. Danger and V. Meyer, 
Pynchemwhe VnUravekungen, Braunechweig, 1886, 


§ 11. The Chemical Properties of Carbon 

Carbon, like nitrogen, is chemically inert at ordinary temp., but at high temp, 
it becomes one of the most active elements; for instance, it will displace oxygen 
from its combinations with various metals. With the exception of fluorine, and 
possibly under special conditions, oxygen, J. Thomsen * was right in saying that 
carbon does not unite with other elements at ordinary temp. When compounds 
are formed at higher temp., the products are usually very stable, and do not 
readily react or unite with other compounds. As R. Schenok and W. Teller 
showed, amorphous carbon in general is a more energetic reducing agent than 
graphite. He also inferred from the vap. press, that the diamond is more 
reactive than graphite, but the inference is open to doubt, for H. Moissan 
showed that the higher the temp, of formation, the less reactive is the product. 
E. Schenck and W. Heller added that for any given temp, in a blast-fiunace 
worked with wood-charcoal the composition of the gaseous mixture will be 
different (richer in carbon monoxide) from the gaseous mixture of a furnace worked 
with coke (which is allied to graphite). H. N. Warren said that the reactivity of 
graphite obtained from a soln. of carbon in the metals varies with the nature of the 
metal from which it has been formed. Thus, that from chromium is less reactive 
than that from iron, nickel, or cobalt, 

A. Morren ^ could not detect the slightest change in weight by heating a diamond 
white hot in an atm. of hydrogen. E. H. von Baumhauer noted a change in colour 
with green and brown diamonds, but the colour of other varieties and the trans- 
lucency were not affected. H. Moissan also observed no change in weight when 
Cape diamonds were heated to 1200° in hydrogen. In a paper: Formation par 
synthise, au moyen de la pile, d’un carbure d’hydrogen, C. Morren observed that 
hydrogen can be made to unite directly with carbon. M. Berthelot added that 
the union docs not occur if the sparks are derived from an induction coil, but 
acetylene is formed with an electric arc in hydrogen. He also stated that no 
appreciable combination occurred when carbon is heated in hydrogen up to the 
temp, at which porcelain softens. He also noted the reverse action hi that 
acetylene, methane, and naphthalene were decomposed into carbon and hydrogen 
whep heated to 1400° in quartz tubes. W. A. Bone and J. C. Cain heated sugar 
charcoal in hydrogen at a white heat and obtained methane. W. A. Bdne and 
D. 8. Jerdan observed the formation of no acetylene or other unsaturated hydrocar¬ 
bon, but found that at 1200° between one and two per cent, of methane is produced. 
Larger results showed that the gases are generated in definite proportions until 
equilibrium is attained when the hydrogen contains 7 to 8 per cent, of acetylene, 1'26 
per cent, of methane, and 0'76 per cent, of ethane. J. N. Pring and K. 8. Hutton 
found that at 1700°, traces of acetylene are formed acd the proportion of that ^ 
increases as the temp, rises to 2800°. The amount of metbage upwards of 1000 is 
very small, and appears to be smaller the higher the degree of purity of the carbon. 
A part of the gas is decomposed by the hot walls of the tube. J. N. Pring said that 
above llCi0° carbon unites directly with hydrogen, but the velocity of the reaction at 
1200° is very slow; about O'Sb per cent, is formed in 22 hrs.; and at 1600°, O'H per 
cent, was formed in 2 hrs. The reaction is accelerated by platinum, so that at 1200°, 
0'65 per cent, was formed, and at 1500°, 30 per cent.,and W. A. Bone and H.F. Coward* 
found that at 1160° a mixture of 0-03 grm, of carbon with platinum gave a 96 per 
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cent, conversion into methane in 17 to 20 his. J. Sand and co-workers, and 
H. von Wartenberg have studied the statics and dynamics of these reactions. 

According to W. A. Bone and D. S. Jerdan, when, by means of an alternating 
current at 160 volts, sparks are passed between carbon electrodes in hydrogen, for 
half an hour, a mixture of hydrogen with 1'61 per cent, hydrogen cyanide, 9-86 per 
cent, of acetylene and ethylene, and 2'46 per cent, of methane was obtained; and 
with the press, at 40 to 60 volts, the hydrogen contamed I'OO per cent, hydrogen 
cyanide; 8 08 per cent, acetylene and ethylene, and 1-62 per cent, of methane. 
The formation of hydrogen cyanide was attributed to the presence of a little nitrogen 
in the hydrogen. The rate of formation of the hydrocarbons is at first very great, 
and equilibrium is attained in about an hour. 

The equilibrium conditions of the exothermal reaction C-t- 2 H 2 V^CH 4 were 
studied by M. Mayer, V. Altmaycr, J. N. Bring, and D. M. Fairlie. M. Mayer and 
V. Altmayer worked between 475° and 625°, using nickel as catalyst. They found 
at one atm. press.: 

475" 500" 550" 000" 026° 

\'ol per cent. UHi . 09-86 62-53 46-69 31-68 24-76 

J. N. Bring and U. M. Fairlie worked between 1000° and 1700° at press, between 
7 and 200 atm. The condition of equilibrium is [CH 4 ]=/i[Il 2 ] 2 , and they found at 

J200° 1275" 1300” 1450" 1500° 1575” 

K . . 0-00244 0-00140 0 00130 0-00091 0-00078 0-00062 

H. von Wartenberg gave generally for the hydrocarbon reaction mC-{-lnH 2 
cals., where [C„,II„]==A[H 2 l!"; and log A=g2'-i-(^A-l)l-75 
log T—(0 8 n—3). From the heat of formation of methane Q=18,900,log A'=9-3 ; 
for ethj’Iene, C=23,000, and log K=Cy5; and for butylene, Q=35,000, and 
log K—3'2. For the reaction 2 C-t-H 2 ^ 02 H 2 , log K——8750T~^-)-l'6. At 
Ts=2000°, log A—2 8 . This corresponds with about 0-1 vol. per cent, of acetylene 
in the hydrogen at one atm. press. 

M. Mayer and V. Altmayer found that carbon is rapidly hydrogenized to methane 
when treated with calcium hydride. The action of oxygen and of water on carbon 
has been discussed in a preceding section. B. L. Vanzetti showed that the so- 
called carbon hydrate obtained from metal carbides by dissolving away the metal, 
is really carbon with' adsorbed water. G. Lemoine s and others have noticed 
that hydrogen dioxide (q.v.) at ordinary temp, is rapidly decomposed by wood 
charcoal; and J. B. Firth and F. S. Watson studied the effect of different kinds of 
carbon. 

According to H. Moissan,^ fluorine and carbon combine with great energy even 
at the ordinary temp. Lampblack, purified and dried, immediately becomes in- 
candescTent; wood charcoal takes fire spontaneously, with the projection of brilliant 
sparks^ Denser forms of carbon must be heated to 50° or 100° before they.will 
become incandescent. Ferruginous graphite from cast iron unites with fluorine 
below a dull red heat; Ceylon graphite, purified by fusion with potash, requires to 
be heated to a somewhat higher temp.; gas carbon burns in fluorine only at a red 
heat; the diamond is not affected when heated to redness in a current of fluorine. 
The products arc gaseous, afid are usually mixtures of different carbon fluorides. 
The action of fluorine on an excess of one of the lighter forms of carbon, care being 
taken that the temp, does not rise very high, yields a colourless gas—carbon tetra- 
fluoride, CF 4 . The adiion of fluorine on carbon at a red heat yields a gaseous carbon 
fluoride which is not decomposed by electric sparks, is not absorbed by aq. or 
alcoholic potash, is almost insoluble in water, but dissolves in alcohol. A small 
quantity of a solid product is obtained at the same time. Both J. L. Gay Lussac 
and L. J. Th4nard found that if charcoal be freed from hydrogen and moisture, by 
lotion in'vacuo, it does not combine with chlorine even at a white heat. However, 
If an electric arc be formed between carbon rods in an atmosphere of carbon tetra¬ 
chloride, the latter is rapidly decomposed into its elements; if the arc be maintained 
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in an atmosphere .of chlorine, crystals of hexachlorobensene, CjCl,, ate formed, 
showing that carbon can unite directly with chlorine. According to W. 0. Mixtcr, 
hydraulically-compressed sugar charcoal containing O'13 per cent, of hydrogen and 
0 04 per cent, of ash absorbs 4 per cent, of chlorine at a red heat, and docs not give 
it up in a vacuum at that temp. The chlorine cannot be displaced by nitrogen, but 
can be removed by hydrogen. At the ordinary temp., little or no chlorine is absorbed. 
Lampblack absorbs more phlorine, and both charcoal and lampblack lose it at the 
temp, at which porcelain softens. Chlorine seems to act with most energy on those 
forms of carbon which are contaminated with hydrogen. The form in which it is 
combined is uncertain; nothing is extracted from the product by chloroform, 
benzene, alcohol, or ether. H. Moissan said that dry chlorine does not act on the 
diamond at 1100°-1200°, and some Cape diamonds changed neither in weight nor 
colour by the treatment. H. L. F. Melsens took advantage of the great adsorption 
of chlorine by charcoal to prepare liquid chlorine. The charcoal sat. with adsorbed 
chlorine is used like the chlorine hydrate in Faraday’s experiment (8. 17, 10). 
W. G. Mixter noted that when charcoal, sat. with adsorbed chlorine, is burnt, a carbon 
chloride is formed. He found that when hydrogen is passed over purified wood 
charcoal sat. with chlorine, hydrogen chloride is formed and there is a reduction 
of temp. M. Berthelot and A. Guntz found the adsorption of 35'5 grins, of chlorine 
by purified charcoal develops 6'78 cals., a quantity double the heat of volatilization 
of liquid bromine and iodine, but much below the heat of formation of hydrogen 
chloride. In the formation of hydrogen chloride by pa.s3ing hydrogen over charcoal 
sat. with chlorine, about seven times as large a vol. of chlorine is given off unchanged 
as the vol. of hydrogen chloride produced. R. Lorenz found that when a mixture 
of steam and chlorine is passed over charcoal at a dull red heat, hydrochloric acid is 
quantitatively formed, H2O+0l2+C=2H01+CO; but, according to A. fJaumann 
and F. G. Mudford, this is not the primary reaction, for with an excess of steam, the 
reaction is probably 2H20+2Cl2-l-C=4HCl-f OO 2 , and the carbon dioxide is subse¬ 
quently reduced to carbon monoxide. C. Willgcrodt said that charcoal does not 
act as a carrier of chlorine to benzene. M. Berthelot found that dry chlorine unites 
with carbon when an electric arc with carbon electrodes is formed in the gas ; and 
W. von Bolton so produced ethane hexachloride, C 2 CIJ, and hexachlorobonznne, 
CjClj. W. G. Mixter said that sugar charcoal and lampblack adsorb less blomillU 
than chlorine; and when heated in vacuo, 0'26 to 1'49 per cent, of bromine is 
retained by the charcoal. The direct union of bromine and carbon has not been 
recorded. W. G. Mixter found that sugar charcoal and lampblack adsorb iodine 
in the same way as is the case with bromine. H. Davy said that when the electric 
discharge from carbon electrodes is passed through iodine vapour no chemical 
change occurs. At first, white fumes appear, and this is attributed to the action 
of moisture or hydrogen adsorbed by the charcoal; for the fumes soon uease, and 
when the tube is cooled the iodine appears to be unaltered. 

H. Moissan found that the diamond is not attacked by hydloSuoric acidht 1100°- 
1200°. According to A. Bartoli and G. Papasogli, when wood charcoal or gas- 
retort carbon, after purification by chlorine, is used as the positive electrode in the 
electrolysis of aq. hydrofluoric acid, it is partly disaggregated, swelling up in the 
immersed part, and becoming so brittle that after * while it splits up by its own 
weight into rather large fragments, whereat the carbon at the negative electrode 
remains quite unaltered. On repeatedly washing tte altered carbon until the wjsh- 
■water is no longer acid, then drying it at 100°, reducing it to impalpable powder, 
repeatedly boiling it with hydrochloric acid, and once mote thoroughly washing it 
with water, it exhibits the following properties; (i) It dissolves partially, giving a 
dark red colour, in strong sulphuric acid, (ii) It is attacked by a hot soln. of sodium 
hypochlorite, yielding sodium fluoride, mellic acid, and the usual derivatives of the 
latter, (iii) In addition to carbon, hydrogen, and oxygen, it contains fluorine,amount¬ 
ing to about 3 per cent, of the disaggregated carbon, and not due to electrolysb wf 
mineral matter, inasmuch as the carbon used in the expcHment did not field on 
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ignition any perceptible quantity of ash. When graphite is employed as positive 
electrode in the electrolysis of strong s^. Lydiofluoric acid, the immersed portion 
swells up, bejftroea pappy -isd quickly disintegrates; and the disintegrated portion 
'^nficd in the manner above described, forms a black powder, which swells up 
considerably when heated, is insoluble in all solvents, and contains carbon, oxygen, 
hydrogen, and fluorine. According to H. Debray and E. Pechard, when hydro¬ 
chloric add is electrolyzed with carbon electrodes, the ^as evolved at the positive 
pole is a mixture of chlorine, carbon dioxide, and oxygen. The positive electrode is 
disintegrated and forms a black powder, which, after being washed and dried in 
vacuo, deflagrates below a red heat, giving oil carbon monoxide and dioxide. The 
amount of oxygen in the product varies with the cone, of the acid. No soluble 
organic compound is formed. G. Gore said that wood charcoal is not changed by 
liquid hydrogen fluoride or chloride. W. G. Mixter found that after charcoal has 
been ignited in hydrogen chloride, it retains 0’26 per cent, of chlorine. M. Berthelot 
found that neither purified wood charcoal nor graphite is attacked by hydriodio 
acid. According to G. Gore, silver fluoride is not affected when heated with carbon, 
but in the presence of chlorine, silver chloride is formed; similarly, in a graphite 
containing vessel, silver fluoride is converted into the bromide or iodide when 
heated in the presence of bromine or iodine—a volatile carbon fluoride is formed. 
J. L. Gay Lussac and L. J. Thdnard found that the fire-resisting chlorides mixed 
with carbon are not decomposed when heated, unless water be present; in that case, 
mercuric and silver chlorides may form carbon monoxide or dioxide, hydrogen 
chloride and the metal. F. Feigl found that charcoal exerts an oxidizing action 
when boiled with many soln.— e.g. potassium iodide is oxidized to iodine, and in 
alkaline soln. to the iodate. According to W. Skey, any surface of graphite, native 
or artificial, which has been for some time exposed to the air, bberates iodine from a 
soln. of potassium iodide in dil. sulphuric acid. The graphite, which can thus 
liberate iodine, loses this property when washed in ammoniacal or other alkaline 
soln.; also when ignited. This property of liberating iodine is restored to such 
graphite by a short exposure of it to the air, or by evolving nascent hydrogen against 
it; also by digesting it for a little while with hydrochloric or dil. sulphuric acid, 
either at a common temp, or at the b.p. of these acids respectively. Graphite, which 
thus liberates iodine, also rapidly determines a chemical effect upon mercury, when 
voltaically paired with it in pure hydrochloric acid, mercurous chloride being formed. 
Charcoal does not, even freshly prepared, notably liberate iodine ; but it can be 
made to do so by digesting it with an acid, the effect of which is perhaps due to its 
removing all alkaline matters therefrom, and thus enabling the charcoal to retain 
the oxidizing, agent necessary for effecting the liberation in view. When graphite, 
which ha's been exposed to the air, is voltaically connected in sea-water with graphite 
just recesitly ignited, electric currents are generated; graphite which has been 
desulphurized also generates electric currents when connected in this manner with 
any conducting sulphide in a soln. of an alkaline sulphide. 

A. J. Balard found that there is an immediate detonation when charcoal is added 


to oUorine monoxide, CI 2 O, but the gas obtained is a mixture of oxygen and chlorine 
and contains but little carbon dioxide; and he added, “ I believe that the decom¬ 
position is effected less by the affinity of carbon for oxygen, than by the heat which is 
developed by the adsorption of the gat in the pores of the charcoal.” P. Schiitzen- 
berger made some observationsron this reaction. A. J. Balard said that charcoal 
did not appear to exert any action on hypocbloroos add. A. Bartoli and 
G. FapasogU found carbon dioxide among the products of the action of sodium 
hypooidorite on lignite. For the action of mixtures of alkali cbloiates and acids, 
Me infra. H. Moissan said molten potassium chlorate does not act on the diamond, 
Accorffing to A. Ditte, when iodine pentoxide is warmed with charcoal, the reduction 
is accompanied by detonation; charcoal has no action on a boili^ aq. soln. of iodio 
add. At ordinary press., but in a sealed tube, the different varieties of carbon are 
attacked at different temp., thus, iodine and carbon dioxide are produced at lfiO° 
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with wood charcoal; at 180° with sugar charcoal, gas carbon, coal, and coke; and 
at 210°, with anthracite. Graphite is attacked with difficulty at 210°; but the 
diamond is not attacked at 260°. H. Moissan said that graphite separated from a 
soln. of carbon in platinum is readily attacked by iodic acid, giving off iodine vap. 
and carbon dioxide. J. L. Gay Lussac said that the iodatas detonate on red-hot 
carbon. G. Lemoine also found that the separation of iodine from iodic acid is 
facilitated in the presence of cjiarooal. 

W. Spring s observed no signs of the formation of carbon sulphide by subjecting 
a mixture of powdered carbon and sulphur to great press. F. Climent and 
J. B. D^sormes also found that sulphur could bo evaporated from a mixture of the 
two elements provided a certain temp, be not attained; when sulphur vapour is 
passed over red-hot carbon, a reaction occurs and carbon disulphide is formed. 
The reaction was. studied by C. Brunner, G. J. Mulder, A. Schrotter, T. Sidot, 
G. C. Wittstein, etc.— vide infra. A. G. Doroshewsky and G. 8. Paffoff studied the 
catalytic effect of carbon on the oxidation of sulphur. According to W. G. Mixter, 
charcoal adsorbs sulphur when heated to redness in sulphur vapour, or carbon 
disulphide. The sulphur is entirely removed by hydrogen, and is virtually all 
pven up at a red heat. Filter paper soaked in carbon disulphide, and heated 
ip sulphur vap., adsorbs nearly its own weight of the latter, and the product 
does not give up sulphur to carbon disulphide, or to a boiling aq. soln. of 
potassium hydroxide. According to H. Moissan, sulphur vapour begins to attack 
the diamond at about 1000°; while with black diamonds, the attack begins at 
about 900°. S. Bidwell discussed the influence of temp, on intimate mixtures 
of sulphur and graphite. B. Rathke, and A. von Bartal made carbon selenide, 
and M. ShimosA carbon telluride, respectively by the action of selenium and 
tellurium or of their compounds, on carbon. W. A. Lampadius noted that carbon 
disulphide is formed when a pyritiferous coal is distilled; and F. Cltaeilt and 
J. B. D^sormes observed carbon disulphide is produced when carbon is heated with 
many metal sulphides. F. Feigl found a soln. of an alkali sulphide is oxidized to 
sulphate when boiled with a little charcoal and in alkaline soln., the copper 
sulphides are oxidized to sulphate; and cobalt sulphide to sulphate. M. Houdatd 
studied the solubility of the diamond in molten manganese sulphide. . 

F. Feigl found that a soln. of hydrogen sulphide is oxidized to sulphuric acid 
when boiled with charcoal. G. Gore found carbon to be insoluble in liquid sulphur 
chloride. Purified charcoal was found by M. Bcrthelot to react with sulphur 
dioxide at a red heat, forming carbon monoxide, carbonyl sulphide, carbon disulphide, 
and a little free sulphur. B. Lepsius said that when charcoal is heated electrically 
to a white heat in this gas, carbon monoxide is formed and also some sulphur; 
A. Eiboart said that carbon dioxide and sulphur are slowly formed; and A‘ Sclseurer- 
Kestner represented the reaction by the equation: 2S02-f3C=2C0-fC0«-f2S. 
F. Feigl found that alkali sulphites are oxidized when boiled with charcoal in 
alkaline soln. G. Tolomei said that carbon is attacked by sulphuric acidf only 
when impurities are present. M. Bcrthelot stated that purified wood charcoal is 
not attacked by cold sulphuric acid, but at 100°, small quantities of sulphur and 
carbon dioxides arc formed; purified graphite gives no gas at 100°, but the 
acid acquires a brown tinge. H. Moissan observed no reaction at the b.p. when 
sulphuric acid is mixed with graphite which his separated from a soln. of carbon 
in icon. According to A. Vemeuil, when wood chveoal is heated with cone, 
sulphuric acid, the residue in the flask contains, among othej things, mellitic acA 
and benzene pentacarboxylic acid: 

1400 grms. of ordinary Bulphurio acid were heated with 100 grros. of carbon, the {TOoeM 
being continued until only from 90 to 100 grmfl. of residue remained in the flask. The temp, 
of the reaction was about 280‘’, but rose towards the end to about 300**, a rapid evolution of 
gas being maintained in order to ensure that the water formed was expelled with the carbon 
an4 aolphur dioxides. When the residue is treated with water, a dark brown soln. is formed^ 
and a bUck. izMoluble co^l\un remains, showing no trace of the erigmid structura of the 
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obarooal. It ia soluble in alkab'es and in cone, sulphuric acid, and is under investigation. 
I^e strongly acid soln. is mixed with just sufficient barium chloride to precipitate the 
sulphuric acid, filtered, and evaporated to dryness, when a brown, amorphous, strongly acid 
residue is left, equal in weight to about 20 per cent, of the original carbon. When this 
residue is dissolved in water, sat. with ammonia, filtered and cone., ammonium mellitate 
separates in quantity equal to about 4 per cent, of the original carbon. The mother liquor 
is evanoratod with a slight excess of barium hydroxide, and the barium salts are dissolved 
in hydrochloric acid, and fractionally precipitated with barium hydroxide soln. The first 
fraction carries down most of the colouring matter, whilst the next fraction is crystalline, 
and consists of barium benzenepentacarboxylate, which can bo recrystallized from hydro* 
chloric acid in the form of an acid salt. 

B. Philippi and co-workers described the preparation of pyromellitic acid by the 
action of sulphuric acid on wood charcoal. According to H. Giraud, during the 
preparation of sulphur dioxide from charcoal and sulphuric acid,,a white crystalline 
sublimate occasionally forms in the neck of the flask, and may bo obtained in 
quantity by using excess of charcoal and carrying on the action until gas ceases to 
be evolved. After purification and recrystailization from alcohol, this substance 
forms small, colourless, efflorescent crystals, which, on sublimation, are transformed 
into a substance crystallizing in long needles and melting at 280’, and which is 
probably pyromeUUic anhydride. H. Debray and B. Pechard found that when 
sulphuric acid is electrolyzed with carbon electrodes, a mixture of carbon dioxide 
and oxygen is evolved. The positive electrode is disintegrated, and the black 
powder which is formed, when washed and dried in vacuo, deflagrates at a temp, 
below red heat, evolving carbon monoxide and dioxide. A. Bartoli and 
G. Papasogli obtained a mixture of oxygen, carbon monoxide, and dioxide at the 
anode during the electrolysis of dil. sulphuric acid with graphite electrodes. By 
suitable alteration in the cone, of tho acid, the temp., and the current density, 
A. Co?hn succeeded in carrying out tho electrolysis in such a manner that carbon 
monoxide and carbon dioxide were almost alone produced at the anode. The 
gaseous mixture contained 70 per cent, carbon dioxide, about 30 per cent, carbon 
monoxide, and 1 per cent, of oxygen. At low temp,, a disintegration of the anode 
takes place, and suspended particles of carbon find their way into the acid. At 
high temp., carbon dissolves in the acid, the soln. being coloured from yellow to 
reddish-brown. If the soln. thus formed is electrolyzed, using a platinum cathode, a 
<lepo 8 it of carbon is obtained, at first as a thin, coloured film and then as a graphitic 
deposit. The soln. reduces Fehling’s soln. and probably contains carbohydrates. 
In reversal of the above process, a cell was formed by means of a load peroxide plate 
and a carbon electrode, in which, working under the conditions previously main¬ 
tained, the carbon acts as the soluble electrode. This gave 103 volts with an 
external I'csistanoe of 100 ohm.s, and yielded a constant current until the lead 
peroxide plate was exhausted. F. Vogel said that the electrolytic dissolution of 
carbon is very improbable, since carbon separates from carbon compounds not as a 
cation, but rather as an integral part of the cation. K. Heumann and P. Kochlin 
found that powdered freshly calcined charcoal develops much sulphur and carbon 
dioxides when heated with chlotosulphoiic acid, SOz.ClfOH), but no carbonyl 
sulphide is formed. 

M. Berthelot studied the reduction of sulphates by purified carbon (vide 2.20,29), 
and showed that the end-state with potassium stiphate can be represented by 
K 28 D 4 + 2 C=KjS-]- 2 C 02 , if.the carbon is not present in too great an excess. 
i. Mactear represented the reactions with sodium sulphate and an excess of carbon 
below a red heat: Na 2 S 04 -l- 4 C=Na 2 S-f4CO; and at 1150’-1300°: 3 Na 2 S 04 -f60 
=NajC 08 -fN 82 S 2 -|-N 82 S-l- 4 COs-t-CO. He added that potassium sulphate behaves 
similarly but at a lower temp. A. Scheurer-Kestner represented the reaction in 
the presence of silica : 3 Na 2 S 04 -j- 3 Si 02 -l- 6 C= 3 S-f 4 C 02 -bC 0 -l- 3 Na 2 Si 03 . These 
equations, it must be observed, involve some guess-work. E. Kunheim studied 
the action of mixtures of carbon with an alkaline earth, oerium, thori um , magn esjum, 
aluminium, chromium, or manganese sulphate in the electric arc furnace. H. Moissan 
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fon&d that molten potassifun sulphate or hydrosolphate does not attack the diamond; 
and the subject has been further studied by M. C. Schuyten. H. Moissan found that 
oalcinm sulphate is not reduced by the diamond at 1000°. 0. Boudouard found 
that a mixture of carbon and barium sulphate at 800° gives 82 per cent, of carbon 
monoxide and 171 per cent, of carbon dioxide. J. J. Berzelius found that mixtures 
of carbon and selenites furnish carbon monoxide and dioxide without detonation, 
and cither a selcnide or selenium is formed. The alkali selenites, said B. Rathke, 
give mostly polyselcnidcs and'very little monoselcnide. E. Mitscherlich found that 
the selenates detonate on red-hot carbon and the smell of selenium can be detected. 
‘ E. Feigl found that sodium thiosulphate in alkaline or neutral soln. is not aSectod 
by boiling with charcoal. 

Acsoiding to M. Bcrthelot,® neither the diamond nor graphite is altered when 
heated in nibogan. He also found that charcoal free from hydrogen docs not react 
• with nitrogen cither under the influence of an electric spark, or in the electric arc; 
but if the charcoal is associated with hydrogen, or if hydrogen or water vapour are 
present, then acetylene is produced, and this reacts with the nitrogen, forming 
hydrogen cyanide— vide supra. If the carbon contains alkalies or alkaline earths, 
then cyanides are pro<luced. According to W. G. Mixter, nitrogen is not taken up 
when carbon is heated in nitrogen, but lampblack, sugar charcoal, and blood 
charcoal may retain nitrogen very tenaciously if they arc heated in ammonia or 
nitrous oxide, and these gases are decomposed. The nitrogen is probably retained 
by the charcoal in the form of cyanogen, since that substance is adsorbed readily 
by charcoal at a red heat, and yields a product which, like those obtained by the 
direct action of nitrogen, furnishes ammonia when heated with steam. No para- 
cyanogen appears to be retained. W. Hcmpel also found that the simultaneous 
combustion of nitrogen and oxygen in the presence of carbon furnishes considerable 
quantities of nitric acid. According to L. Clouet, when carbon is heated with 
ammonia, ammonium cyanide and hydrogen arc formed : 2 NH 3 -l-C=H 2 -f NH 4 CN. 
The reaction was also discussed by M. Bonjour, C. Langlois, and W. G. Mixter. 

E. Kuhlmann said that some methane is also formed, but this was denied by 0. Wolt- 
zien. H. Davy investigated the action of heated carbon on nitrous oxide he said 
that combustion proceeds more, vigorously than in air, so that one vol. of nitrqjis 
oxide yields one vol. of nitrogen and half a vol, of carbon dioxide. W. 6 . Mixter 
made analogous observations. J. Dalton also found that heated carbon burns more 
vigorously in nitric oxide than it docs in air, forming half a vol. of nitrogen and half 
a vol. of carbon dioxide. P. L. Dulong noted that red-hot carbon burns in nitrogen 
tetroxide with a red flame. C. F. Schiinbeiu discussed the action of this gas on 
carbon. R. Weber reported that nitrogen pentoxide has no action on carbon. 

F. Feigl found that sodium nitrate in alkaline soln. is not affected when'boilpd with 
charcoal. According to H. Debray and E, Pochard, when nitrous acid is eleqlj^olyzed 
with carbon electrodes, the gas evolved at the positive pole is a mixture of nitrogen 
oxides and carbon dioxide. The positive polo disintegrates, and furnishes s black 
powder, which, after being washed and dried in vacuo, deflagrates at a temp, below 
a red heat with the evolution of carbon monoxide and dioxide. The amount of 
water and oxygen in the product varies with the cone, of the acid. W. Q. Mixter 
said that charcoal adsorbs nitrogen from nitrous and nitric oxides. E. Philippi and 
co-workers investigated the action of nitric acii on carbon. 

According to C. F. Schonbein,' red-hot carbon bprns vigorously in cone, nitric 
add, and powdered carbon decomposes the acid in the cold—jiitrogen peroxide frte 
from carbon dioxide is evolved. H. Moissan found that amorphous carbon at 
ordinary temp, and press, is oxidized by nitric acid; and A. Scott showed that 
nitric acid and wood charcoal give a black substance easily soluble in water, alcohol, 
and ether. It contains over 30 per cent, of carbon; 2 or 3 per cent, of hydrogen; 
and some nitrogen ; it combines with alkali^ and the soln. gives a precipitate with 
most metal salts, and with hydrochloric or nitric acid. G. Dickson and T. H. Easter-^ 
field found that well-burnt wood eharcoal reacts readily with fuming nitric ackl, and 
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there b a oonaiderable rise of temp. If wood charcoal be boiled for 24 hrs. with 
fcming nitric acid, it passes completely into soln., and when diluted with water, a 
black amorphous substance resembling mellogen b precipitated while mellitio acid 
and non-crystallizable acids remain in soln. Nitric acid of sp. gr. I'l can oxidize 
well-burnt wood charcoal, and when the mixture is boiled for 7 days, it forms a black 
mud which is soluble in alkalies. The acid soln. contains mellitic acid, but no 
oxalic acid. Coal under similar conditions gives a small yield of mellitio acid. 
F. B. Burls and co-workers noted that when carbon an'd certain carbon compounds— 
cane sugar, caramel, etc.—are heated with dil. nitric acid, some hydrogen cyanide is 
evolved. They suggest that nitrous acid b first formed; 2 HN 0 g-fC=C 02 -)- 2 HN 02 , 
and it is this which reacts with the carbon: HN 02 -|- 2 C=C 02 -i-HCN. 

According to R. J. Friswell, when bituminous coal is treated with 49 per cent, 
nitric acid the mass becomes warm, and dense red fumes are given off. When the 
deep brown liquid is filtered from the unchanged coal, and acidified with hydrochloric 
acid, it furnishes a deep brown, flocculent precipitate. The precipitate is colloidal 
and peptizes as the salts and acids are removed by washing. 

When washed and dried at 100 °, it forms a black friable mass, showing bright 
conchoidal fractures. If heated on platinum foil it puffs, swells slightly, and leaves 
a residue of carbon rather more bulky than its original mass, and almost as brilliantly 
black. The puffing is very like that of a nitro-compound with a very high carbon 
ratio; attempts to reduce it with zinc dust and caustic soda and with sodium 
amalgam have hitherto failed, and so have similar attempts with acid-reducing 
mixtures. The presence of nitrogen is indicated in the usual manner on heating it 
with sodium; on submitting it to dry distillation with zinc dust, hydrogen and 
cyanogen are evolved, and a small aq. distillate, smelling of ammonia and faintly 
of pyridine, and containing a very large quantity of hydrocyanic acid, is abo 
obtain^. 

L. Carius oxidized graphite by mixing it with nitric acid, sp. gr. 15, and heating 
it in a sealed tube to 250°-260°, and keeping the temp, at 300”-330° for 1-2 hrs. 
W. Luzi’s and H. Moissan’s observations on the action of nitric acid on the different 
forms of graphite have been previously described. F. C. G. Muller showed that 
wjien wood charcoal is heated in the vapour of nitric acid above 1000 °, the issuing 
gases consist of 52'2-57'2 per cent. CO 2 ; 13'3-14'7 per cent. CO; 3'4-4'6 per cent. 
H 2 ; 24'9-26'7 per cent. N 2 . 

P. Sohafhautl, and later B. F. Marchand, noted the formation of a peculiar sub¬ 
stance when graphite is treated with oxidizing agents. This product was then studied 
by B. C. Brodie, J. Gottschalk, M. Berthelot, etc. B. C. Brodie found that when 
graphite is heated with a mixture of nitric acid and potassium chlorate, it increases in 
weight, and'what he called graphitic add is formed. To this he assigned the formub, 
C 11 H 4 O 5 . He prepared this product in yellow plates by treating an intimate 
mixture of one part of purified graphite and three parts of potassium chlorate, with 
sufficient cone, nitric acid to make a liquid mass. The solid residue remaining after 
the mixture has been heated 3-4 days on a water-bath, is washed with water and 
dried at 100°. Four or five repetitions of the treatment are needed to ensure the 
conversion of all the graphite to graphitic acid. H. Moissan’s modification of this 
process has been previously described; and T. Qottschalle stated that five successive 
treatments were needed to oxidize graphite completely to graphitic acid by the action 
of fuming nitric acid of sp. gr. 1'525, and potassium chlorate ; and he added that 
the graphite passes through successive stages of oxidation, forming, after three 
operations, a grass-green substance which is readily oxidized to graphitic acid hy 
heating on a water-bath with a soln. of potassium permanganate and dil. sulphurio 
aoid. L. Staudenmaier claimed that graphitic acid can be prepared in considerable 
quantity, in a comparatively short time (24 to'48 hrs.), and without danger of 
explosion by the following process: - 

, Very finely divided graphite (23 gnus.) is stirred into a mixture of cone, sulphurio acid 
(1 litre) and nitric acid ol sp. gr. 1*4 (f litre), and, at intervals, potassium chlorate is added 
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(about 460 gmg. in ail). The mixture ia kept at the ordinary temp., U well atined after 
each addition of chlorate, and each portion of chlorate ia added only after the gaa-evolution 
from the previoua addition haa completely ceaaed. When a aample treated with per¬ 
manganate and acid becomea of a pure yellow colour, the acida are thoroughly waahed with 
cold water from the powder, which ia then oxidized with permf^anato. Any oxoeaa of 
permanganate ia deatroyed by hydrogen peroxide, and the reaulting graphitic acid waahed 
auoceaaively with dil. nitric acid, alcohol, and ether. 

F. S. Hyde also suggested modifications of the process. Ordinary charcoal 
when similarly treated ia converted into a brown mass soluble in water, while the 
diamond is not attacked. M. Berthelot utilized these facts in devising a method for 
determining the proportions of amorphous carbon, graphite, and diamonds present 
in a mixture. G. Charpy found that permanganic or chromic acid oxidizes graphite 
to graphitic acid,-but the reaction readily proceeds too far. V. Kohlschttttor and 
P. Haenni assumed that chlorine dioxide is the oxidizing agent in the mixture of 
potassium chlorate and nitric acid. A. Lang studied the oxidation of graphite with 
permanganic acid, and cone, sulphuric acid, fuming nitric acid, and potassium 
chlorate. According to B. C. Brodie, if lampblack sugar charcoal ia heated with a 
mixture of 4 parts of sulphuric acid, and one of nitric acid, the carbon is rapidly 
oxidized to a black mass which is soluble in cone, acid, and is reprecipitated by water; 
it is soluble in dil. acids, in salt soln., in water and in aq. alkali hydroxides. The 
reaction with graphite under similar conditions has been previously discussed. 

F. Gottschalk said that the composition of the end-product varies between 
CiiHsOj and Cs^HjoOig, according to the duration of the oxidation; L. Balbiano, 
between C, 3 H 407 and 0 , 411407 . M. Berthelot, W. Luzi, and H. Moissan found that 
different varieties of graphite furnish different oxidation products. The yellow 
Hakes of graphitic acid do not possess a crystalline structure; they have no effect on 
polarized light. The flakes are made up of an indefinitely large number of very thin 
plates of diameter lO/ifi to 50/i/i, and of ultra-microscopic thickness. The particles 
show the Brownian movement. According to P. Gaubert, graphitic acid is 
crystalline; the optical character is negative; and the index of refraction is 
1'93—2 00. V. Kohlschtttter and P. Haenni have shown that the apparently 
crvstalline particles of graphitic acid are not crystals, but pseudomorphs of tlm 
original graphite particles. After repeated washing with water, graphitic acid 
passes into a colloidal soln., which can be flocculated by dil. acids, and the pre¬ 
cipitated gel is peptized by water. The variously coloured graphitic acids differ 
merely in their degree of dispersity, the lighter coloured products, obtained 
by repeated oxidation, being more highly dispersed. It is not true, as was 
formerly supposed, that the colour of the graphitic acid depends on the sample of 
graphite from which it is made. * , 

F. A. J. Fitzgerald compared the rapidity of oxidation of E. G. Acheson's giaphite 
with Cingalese graphite when treated by' L. Staudenmaier’s process under like 
conditions. The latter variety was all converted into the yellow oxide aftfir five 
5 treatments, whereas Acheson’s graphite was not all oxidized after seven treatmente. 

' This agrees with H. Moissan’s observations that the higher the temp, to which the 
graphite has been heated, the more resistance does it offer to attack by the oxidizing 
mixture. T. HUbener, ami W. Luzi noted that besides graphitic ^id, much mellitic 
acid is produced, and with potassium chlorate afld fuming nitric acid, all the graphitic 
acid can be converted into mellitic acid. Obsemations have been made ^4 
J. C. G. de Marignac, N. Fedoroff, A. Bartoli and Q. Papasogli, W. A. Selvig and 
W. C. Ratliff, M. Berthelot and P. Petit, P. and L. Schtttzenberger, E. Weinschenk, 
etc. Graphitic oxide is regarded as an organic compound derived directly from 
elementary carbon, a link as it were between organic and inorganic chemistry. In 
contrast with the general stability of graphite, graphitic oxide or acid—as >t is 
variously called—is peculiarly unstable, and B. C. Brodie found that it deflagrates at 
a ^p. just below a red heat, and leaves a black, soot-like residue known as pyre- 
ar^flie acid, CjjHjOi—probably graphite. J. Stingl said that pyrographitic aerd 
has marked decolorizing powers; heating with sdpboric^id converts it into carbon. 
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According to M. Berthclot, when a mixture of one part of graphitic oxide and 80 parts 
of hydriodic acid, of sp. gr. 2 0, is heated to 280°, it forms an amorphous, insoluble, 
brown substance which he called hydrographilic acid. It passed back into graphitic 
oxide when treated with potassium chlorate and nitric acid. V. Kohlschhtter and 
P. Heanni showed that when heated or treated with reducing agents, graphitic acid 
is reduced to carbon. Heating experiments have shown that the gases evolved are 
water, carbon monoxide, and carbon dioxide, the ratio CO/CO^ being greater tke 
more slowly the heat is applied. The temp, at which the decomposition becomes 
explosive is also lower the slower the heating, and if the heating is very slow the 
decomposition may go quietly to completion without explosion. The black, 
voluminous residue consists of 99'7 per cent, carbon. It has all the properties of 
soot, but can be compressed into a mass very similar to graphite. .When the decom¬ 
position of the graphitic acid by heat takes place under press., the graphitic character 
of the residual carbon is more marked. By decomposing the graphitic acid under 
sulphuric acid at 160°-180°, a residue was obtained having properties intermediate 
between those of soot and graphite. Treatment of graphitic acid with reducing 
agents, such as ferrous or stannous .salts, gave products with strongly marked 
graphitic properties, giving graphitic acid again when oxidized. These products, 
however, were contaminated with adsorbed iron or tin compounds, which were 
difficult to remove. L. Balbiano found that when graphitic oxide is heated under 
reduced press, it furnishes carbon monoxide, carbon dioxide, and water; while at 
higher temp, the water vapour acts upon the carbon, and small amounts of hydrogen 
and methane are formed. By treating graphitic oxide with a soln. of hydroxylamine 
in a mixture of alcohol and water, a residue consisting only of graphite and water 
remains. The general results of the work of S. Porcher, A. Bartoli and G. Papasogli, 
H. Moissan, J. Wiesner, E. Weinschenk, F. S. Hyde, G. B. Troner, H. le Chatolier 
and S. Wologdine, and G. Charpy show that the modifications of carbon obtained 
by B. C. Brodie, W. Luzi, and M. Berthelot are compounds, soln., or mixtures 
of carbon with other elements. G. A. Hulett and 0. A. Nelson found that on 
removing water from graphitic acid, the vap. press, drops continuously with no 
siiggestion of a break, and concluded that graphitic acid is a colloidal oxide of carbon 
in which water is adsorbed on relatively large surfaces. The oxide is assumed to be 
of the order CjO or Gii 04 . L. Balbiano considered various graphitic acids to be 
adsorption products of graphite, water, carbon pionoxide, and carbon dioxide. 
They have no acidic or quinonic functions, and he suggested they be called hydro- 
carboxygraphites. P. Debye and P. Scherrer also said that the X-radiograms of 
grajffiitic ajid show that it is a mixture and not a homogeneous chemical individual. 

H. Dcbray and E. Pechard found that in the electrolysis of nitric acid with 
graphith electrodes, similar phenomena were observed as with nitrous acid; and 
A. Bartoli and G. Papasogli stated that with graphite electrodes, nitrogen-free 
graphitic acid is formed; some carbon monoxide and dioxide are evolved ; and the 
soln. contains mcllitic, pyromellitic, and hydromellitic acids. C. F. Rammelsberg 
said that some graphites burn in contact with fused potassium nitrate, while other 
varieties are not attacked; H. Moissan found that this treatment has no action on 
the graphite which separates-from a soln. of carbon in molten platinum. A. Vogel 
said that if potassium nitrate be at a* temp, a little above its fusion point, the carbon 
^is. oxidized to carbon dioxide) and nitrogen, nitric oxide, and nitrogen trioxide are 
formed; but if the temp, and the proportions of the constituents are suitable a 
mixture of potassium nitrite and carbonate is formed; if the nitrate is in excess, only 
potassium nitrite is formed. H. Moissan said that molten potassium nitrite does 
not act on the diamond. J. Reiset and N. A. E. Millon said that ammonium nitrate 
detonates on red-hot carbon, and an explosion occurs when a mixture of that salt and 
carbon is heated to 170°. In the electrolysis of various salt soln. with wood charcoal 
' or retort carbon electrodes, A. Bartoli and G. Papasogli found the anode gradually 
disintegrates to a black powder of mellitic and hydromellitic acids, less gas than the 
theoretical amount is evolved, and the soln. acquires a brown colour, and an acidic 
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reaction; with soln. of nitrates, phosplutes, arsenates, and antimonates, mellogeu 
is formed, and phospho-mellogen or stibio-mellogen. They ako found that soln. 
of phosphoric, arsenic, and antimonic acids behave like the soln. of the salts. 
0. Gore found carbon to be insoluble in liquid phosphorus trichloride, or antunony 
pentachloride. 

According to H. M. Kahn,^ fused alkalin e earth carbides dissolve carbon, some 
of which separates as graphite flu cooling. The amount of carbon dissolved by the 
fused carbide increases with the intensity of the current employed in the furnace and 
ako with the time of passage of the current when its intensity is kept constant. In 
an experiment in which a current of 500- 600 amp^re8 was passed for six and a half 
minutes, five per cent, of carbon was taken up by the fused carbide. When the 
period of heating i^ further prolonged, the results are complicated by decomposition 
of the carbide. According to Q. Gore, carbon i» insoluble in liquefied cyanogen and 
in liquid carbon dioxide. M. Berthclot said that carbon reacts with carbonates, 
forming carbon monoxide, etc. H. Moissan found that at 1000° to 1200°, the 
diamond quickly disappears iu contact with fused potassium or sodium carbonate, 
the graphite which separates from a soln. of carbon in platinum is rapidly attacked 
by this mixture; molten alkali carbonates and the diamond furnish carbon monoxide. 
V. A. Jaquclain and II. Baumhauer, and L. Colomba suggest that the carbon 
dioxide is reduced by the diamond, C 03 +C= 2 C 0 ; while C. Doelter believed that 
the carbon dioxide is dissociated, and that the diamond is attacked by the liberated 
oxygen. 0. Boudouard found that a mixture of carbon and calcium carbonate at 
650° gives a mixture of 78 per cent, carbon monoxide and 22 per cent, of carbon 
dioxide; carbon and barium carbonate at 800° give a mixture of 96 per cent, 
of carbon monoxide and 5 per cent, carbon dioxide. K. K. Glasson found that with 
iron carbonate a mixture of carbon monoxide and dioxide is obtained in th* pro¬ 
portions 1:5. S. Betuchoff heated the carbonates of the alkalies and calcium with 
carbon and sulphur, and noted that some carbon monoxide is formed. A number 
of observations has been made on the action of carbon on orgamc compounds— 
e.g. R. Ehrenfeld, G. Lemoine, and J. B. Sendcrens studied its action on alcohoU; 
V. P. Bedson, on pyridine; C. A. Parsons, on benzene, paraffin, sugar, carbon, 
lelracMoride, and carbon disulphide; and J. Stcnhousc, and C. C. Stanford, on 
decaying organic matter. H. L. Dejust found a soln. of p-phenylenediaminc is 
rapidly oxidized by ait in the presence of graphite. A. W. Hofmann, P. Cazeneuve, 
R. Doupouy, M. Bodenstein and CT G. Pink, etc., studied the caUilytic action of carbon. 

I. von Ostromkslensky found graphite to be insoluble in tar, phenanthrene, chrysene, 
pyrene, jricene, and triphenylene, but it appears to bo soluble in decacylene, yihiXa 
the diamond is insoluble in that menstruum. P. Feigl found that oxalic md 'ifi aq. 
soln. is oxidized to carbon dioxide when boiled with charcoal. R. 8. Marsdoj^ and 

J. Violle have notqd the slow diffusion of carbon into the walk of heated porcclsm 
crucibles. A. Daubnie, A. L. du Toit, etc., have studied the action of iused 
silicates on the diamond— vide origin of the diamond. 

C. R. A. Wright and A. P. Luff “ found that carbon monoxide begins to reduce 
ferric oxide and copper oxide at a lower temp, than hydrogen, and hydrogen at a 
lower temp, than carbon. Carbon from carbon monoxide begins to act at a lower 
temp, than sugar charcoal; and metal oxides prepared by precipitation are often 
reduced at a lower temp, than those prepared by the ignition of the metal salts. 
The reduction of ferric oxide with sugar charcoal hegan at 450°; of cuprdnif 
oxidh at 390°; and of cupric oxide, between 390° and fiO°. With carbon 
from carbon monoxide, the reduction of ferric oxide began at 430°; of cuprous 
oxide at 345°; and of cupric oxide, between 360° and 430°. The carbon reduction 
of manganese dioxide began at 260°; of pyrolnsite at 390°; of lead monoxide at 
415° to 435°; of red lead at 330°; of lead didkide, 250° to 270°; cohalt monoxide, 
450°; cobalt sesquioxide, 260°; nickel monoxide, 450°; and ni^el sesqnioxide, 
146°; A. Guntz obtained carbon monoxide and metal by heating a mixture of 
carbon with ferrous oxide or manganous oxide to a high temp. R. Schenck and 
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W. Heller measured the equilibrium prSss. between iron, ferrous oxide, carbon, and 
the two ojudes of carbon approached from both sides of the equation. They also 
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From which it appears that the diamond reduces more energetically than graphite. 
They also made similar measurements with manganous oxide where the press, were 
less than for ferrous oxide, since at 1200° the press, was 10 mm., and at 1229°, 16-3 mm. 
The application to the blast furnace was also discussed by R. Schenck, A. Smits, 
B. Osann, E. Baur, etc. H. C. Greenwood gave for the reduction temp, of ohiomium 
sesquiozide with carbon, 1185°; manganous oxide, 1105°; uranium dioxide, 
1490°; silica, 1460°; arcoma, 1400°; and thoria, 1600°. H. Moissan found that 
not the smallest trace of calcium carbide was formed when calciunu^^e was heated 
with sugar charcoal at the fusion temp, of platinum (over 1755°). Moissan said 
that fused alumina is not reduced by carbon, but the vapours of alumina and carbon 
readily react to form aluminium carbide. E. Berger and L. Delmas examined 
the behaviour of different forms of carbon when mixed with metal oxides. 

N. A. E. Milloni® found that at 320° wood charcoal in contact with alkali 
hydroxide, and exposed to air, is transformed into a substance with some acidic 
properties ; it is analogous to humus, it is soluble in aq. ammonia, and alkali-lye ; 
but insoluble in water. P. Degener and J. Lach wetted animal charcoal with 
alkali-lye, and exposed it to air and light; they noted that an alkali peroxide was 
formed. Similar results were obtained with alkalin a earth hydroxides. According 
to F. Haber and L. Bruner, carbon and sodium hydroxide interact to furnish 
hydrogen. Sodium formate and sodium hydroxide, when fused together, give -off 
pure hydrogen, the reaction begins at about 205° and is quite complete at 360°; 
it is represented by the equation HC 02 Na-i-NayH=H 2 -fN 82 C 03 . No oxalate is 
formed. A mixture of sodium oxalate and sodium hydroxide begins to decompose 
at 270°-280°, evolving pure hydrogen and forming carbonate only. If the potential 
of the carbon electrode in sodium hydroxide were due to the presence of either 
formate or oxalate, it should bo higher than the hydrogen potential, because both 
formtitc and oxalate break up spontaneously, yielding hydrogen. Measurements 
of the potential of carbon in sodium hydroxide to which sodium formate or 
oxalcte had been added, and from which hydrogen was being evolved owing to 
their decomposition, always gave the hydrogen potential—1-6 volts. The action 
of carbon monoxide on sodium hydroxide at 350° was found to be 2NaOH-l-CO 
=Na 2 C 03 -fH 2 . Hence, as previously indicated, it was inferred that the carbon 
electrode is really a hydrogen electrode. 

Carbon exerts a reducing action on many salts. Carbon is one of the most 
important and useful of reducing agents for abstracting oxygen from the metal 
oxides. It is used, in blowpipe reactions on charcoal; in the manufacture of 
iron and steel; and by its aid, directly or indirectly, the metals copper, zinc, 
lead, and tin are extracted; and even the metals of the alkalies obtained. It 
is used likewise in the poling of copper. In the case of animal charcoal, 
said W. Heintz.'t the reducing action may be due largely to adsorbed 
hydrogep. C. F. Schdnbein noted that sola, of leriio salts are reduced to 
the ferrous state, and D. Tommasi noted that in the electrolysis of sola, of 
ferric chloride, the carbon electrodes are strongly attacked and chlorine is 
given oS. According to C. Horide, if a purified carbon rod be placed in an aeidio 
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Boln. of cnpric solphatei it gradually becomes covered with copper. The redaction 
doe* not proceed so well in neutral or alkaline soln., and it goes better with soln. 
acidified with sulphuric acid than with nitric or hydrochloric acid ; and worse in 
the presence of organic acids. A. F. Pol observed the effect with different kind.s of 
carbon. C. P. Schonbein reported the reduction of mercuric chloride soln. to 
mercurous chloride, but A. E. Esprit said that there is really no reduction, the. 
mercuric chloride is merely withdrawn from the soln. by absorption ; and F, Feigl 
showed that when mercurous salts are, boiled with blood charcoal, mercurous chloride 
is oxidized to mercuric chloride. C. Moride, and A. P. Pol noted the ready reduction 
of neutral or acid soln. of silver nitrate, or ammoniacal soln. of silver chloride 
to the metal. • D. Avery noted the reduction of a soln. of auric chloride, 
4AuCl3+6H20-f'3C—4 Au+ 12HC1-|-3002 ; but 0. A. Kdnig said that the action 
is more physical ‘than chemical. S. Brussoff made observations on the precipi¬ 
tation of gold from soln. of auric chloride by animal and wood charcoal, coke, and 
graphite. The gold is retained by the carbon, and the chlorijic reniains in soln. 
M. Lazowsky found that soln. of copper, silver, gold, mercury, ))latinuni and palla¬ 
dium salts are reduced by this agent and the metal is deposited on the charcoal. 
W. Heintz noted the [irecipitation of platinum from soln. of platinum chloride. 

F. Piegl showed that when a soln. of potassium chromite is boiled with blooil 
charcoal potassium chromate is formed, and he studied the oxidization of tervalent 
chromium to chromates. M. Berthelot observed that at ordinary temp, charcoal 
is oxidized by a soln. of chromic acid and a little oxalic acid is formed. H. Moissan 
also found that amorphous carbon is readily oxidized by a mixture of chromic 
and sulphuric acids ; the resistance to the attack is increased when the carbon has 
been preheated to a high temp. Molten chromic acid has very little action on 
graphite, prepared from a soln. of carbon in melted jilatinum. R. Bt and 
W. B. Rogers stated that diamonds arc attacked at 180° to 23(J° by a mixture of 
potassium dichromate and sulphuric arid, 0. Charpy found that a mixture of 
chromic acid and sulphuric acid oxidizes graphitic oxide or graphite to carbon dioxide 
more quickly than a mixture of cone, sulphuric acid and potassium permanganate. 
The former gives as much carbon dioxide at 45° as the latter does at 1(X)°, \ 
mixture of nitric acid and potassium chlorate was found to bo less effective than 
the cone, sulphuric acid and potassium permanganate. The oxidizing action of 
some of these soln. is utilized in wet processes for the determination of carbon. 

L. J. Simon found that a mixturS of silver diehromate and sulphuric acid oxidizes 
Canadian graphite completely, but the diamond, wood charcoal, coke, sugar charcoal, 
anthracite, and natural coke are only partially oxidized. The action of mixtures 
of sulphuric or nitric acid and potassium chlorate has been previously discusse^l. 

The uses ol carbon.i*—The diamond is used as a gem-stone; for heejings, 
etc., in watches, electric meters, and scientific instruments ; for testing the scratching 
hardness of mincrafs, etc. ; fur cutting glass ; drilling glass and pottery ; andyas a 
powder, in cutting diamonds, drilling rocks,—for which purjwse carbonado is pre¬ 
ferred because it has no tendency to cleavage, etc. Graphite is used in making 
refractory goods— e,g. bricks, crucibles—when the crystalline or flaky variety is 
preferred. A mixture of plastic clay with 50 to 75 per cent, of Cingalese, graphite 
is moulded, dried, and fired in muffles in a redigiing atm. It is used as a resistor 
in electric furnaces— e.g. hrgptol is a mixture of graphite, carborundum, and clay so 
compounded as to give a granular mass ; but graphite alone gives as good or even* 
better results. Graphite is used in the manufacture of lead pencils. A mixture of 
graphite and clay, very carefully graded and washed, is moulded by expression, 
fired, and fitted into the wooden casing. Graphite—particularly the colloidal form 
(q.v.) —is used as a lubricant with or without tallow, grease, palm oil, etc. Graphite 
is used in the foundry as a facing for moulds; in making paints, particularly for 
coating iron surfaces; in electrotyping; for commutator brushes; in making 
battery plates; as a polishing medium— e.g. for gunpowder—in making stove 
polish; as a preventive of boiler scale; etc. Aftnorphous graphite, and charcoal 
voi. V. ••3b 
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are used for decolorizing sugar, fats, glycerol, etc.; in the filtration and disin¬ 
fection of liquids; for the separation and recovery of gases and vapoursthe 
purification of gases; the storage of gases; as a catalyst in many reactions; in 
the production of high vacua; as an absorbent in gas masks for noxious gases, and 
in the removal of industrial stenches. The charcoal mask was recommended by 
J. Stenhouse in 1864. Charcoal is used as a constituent of some explosives; as a 
depilatory in the tannery; in making crucibles; i)attery plates; in the manu¬ 
facture of indian ink, printers’ ink, black paints; etc. The manufacture of carbon 
electrodes for electric furnaces and arc lighting is one of the most important branches 
of the carbon industry, and is growing rapidly as electric furnaces are increasingly 
applied in the metallurgical industries. As experience in the manufacture of carbon 
electrodes grows, the specifications as to purity, electrical resistance, hardness, and 
density become more and more stringent. Carbon electrodes were used by H. Davy 
about 1806. Carbon filaments arc employed in incandescent electric lamps. The 
light emitted by a hot body increases rapidly with rise of temp. A platinum wire 
heated by the electric current gives a good light, but this metal melts at too low 
a temp, to render it satisfactory. Carbon filaments were then tried and they gave 
better results, but they bad a comparatively short life. Improvements in the 
manufacture of the filaments considerably increased the length of their practical 
life. The useful life of a carbon filament lamp depends more on the vaporization 
than on the m.p. of the carbon. DiSerent kin^ of carbon have different vap. press. 
The graphitized filaments have the longer life. 

The carbons are made by squirting a soln. of cellulose through a die which hardens the 
liquid into dense Abres; these are carbonized out of contact with air at as high a temp, as 
possible in a gas*fired oven. The filaments are afterwards heated electrically in an atm. 
of hydrocarbon gas and the decomposition of the hydrocarbon produces a smooth dense 
deposit of graphite. The filament is afterwards heated in an electric furnace at over 3000° 
for a few moments, and the result is known as the metallized filament because the temp, 
coeff. of its resistance is now similar to that of the metals. While the simple carbon filament 
has a practical life of about 100 hrs. at 3 watts per candle, the graphitized filament bums 
about 500 hrs., and the metallized filament 1500 hrs. under the same conditions. 

Filaments made from osmium, tantalum, and tungsten are superior to carbon. 
Tungsten withstands the highest temp, without melting or vaporizing, and it gives 
the highest luminoua efficiency. 

The compounds of carbon with the other elements are bewildering in number 
and complexity. Over two hundred thousand have been isolated and analyzed, 
and more are synthesized every year. Hence, the study of the compounds of 
carbon, with the exception, conventionally, of a very small proportion, is relegated 
to a Special division called Organic Chemistry. 
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§ 12. The Constitution, Valency, and Atomic Weight ot Carbon 

In Ub paper : Veber die ConstUution dea KnaVtiuecisiWers, F. A. Kekiile * showed 
that the Cj-group was quadrivalent in methane, methyl chloride, chloroform, chloro- 
picrin, acetonitrile, mercuric fulminate, etc. F. A. KekuM understood by (b what 
A. W. Willianjson, and C. F. Gerhardt represented by C, the atom of carbon of 
at. wt. 12 ; and later, in his Ueber die gepaarten Verhirdmujrn and die Tlirorie iler 
tnehratomigen Radicale, stated: 

Die KohlenstofE ist, wio sich loicht zoigiie tisst nod worauf ioh spiiter auaftihrliciior 
oingehen werde, vierbasisch oder vieratomig ; d.h. 1 Atom Koldenstoff .-C= 12 ist iKpiiva. 
lent 4 At. H, Dio einfachsto Vorbindung dea C init einom Element der ersten (irupi)e, mit 
Waaserstoff Oder Chlor, ist daher : OH, und CCI,. 

The subject has been discussed in the first volume (1. 5, 10), where it is shown that 
E. Frankland, and H. W. Kolbe anticipated F. A. Kekulc a little in demonstrating 
the quadrivalency of carbon. The position ot carbon in the middle of the periodic- 
table corresponds with its forming compounds with nearly all the other elements 
irrespective of their electrochemical nature. According to A. Stock, the chemistry 
ot carbon is a composite of the chemical properties of boron, nitrogen, and silicon, 
the elements nearest to carbon in the periodic system. It resembles silicon in respoert 
of its quadrivalence, and the formation of compounds of similar formula); it 
resembles boron in respect of the large number of compounds which it forms, and 
the tendency to form long chains of atoms ; it resembles nitrogen in its tendency to 
form volatile compounds ot low mol. wt. ; it resembles silicon and boripii in its 
tendency to form non-volatile compounds of high mol. wt.; and it possesses in a 
greater degree than nitrogen or silicon the tendency to form molecules with both nega¬ 
tive and positive groups. Carbon atoms have a great tendency to unite amongst thom- 
selves, to form complex atomic systems. In tctracetyleni'dicarboxylic acid, there arc 
ten carbon atoms in juxtaposition IIO.OC -C=C—C=C—C=C—C=C—CO.OH ; 
and in dimyricyl, CH 3 (CH 2 ) 58 CH 3 , there is a long continuous chain of sixty carbon 
atoms: 

H H H H H H H H H H H H H H H H 

HHHHHHHH HHHHHHHlf • 

1 2 3 4 6 « 7 8 53 54 55 fi6 67 58 50 

This was illustrated by G. Martin by collecting the thermal data of the cowbina- 
tions of carbon with other elements and erecting perpendiculars from the positions 
of these elements on the periodic table. The lengths of the perpendiculars are 
proportional to the thermal data, or what he calls the affinities of the elements. 
The loci of the upper endsjof the jierpendiculars arc supposed to form a surface— 
affinity surface. The affinity surface for carbiin shows a 8tci;p peak over carbon 
itself, and it indicates that carbon has a greater affiijjty for itself than is the case 
with any other element. Carbon appears to be unique in the^number and variety 
of such compounds which it readily forms. 

The ^eater part of the theory of the constitution of organic compounds is built 
up on the assumptions that (i) the valency of carbon is four; (ii) the four valencies 
are eq. each to each; and (iii) the valencies are distributed in thri^ dimensions 
acting in the direction of the axes of a tetttfhedron, and, added H. h. Ajmstrong, 
nothing is more surprising than the completeness with which the vast array of facts ^ 
included in organic chemistry may be ordered by reference to the tetrahedron model. 

Attempts have been made .to prove that the four valencies of the carbon atom - 







838 


iAobganic and theoretical chemistry 


are of equal value. The argument is negative rather than positive. A. Popoff 
showed that the two unsaturated valencies of carbon monoxide are of equal value; 
and A. Qeuther, and L. Henry then attempted to demonstrate the equality of all 
four carbon valencies in so far as compounds with the same radicles introduced in 
different positions are identical in their properties. The argument is not conclusive 
since it can also be interpreted to mean that there is only one orientation for stable 
equilibrium when the compound is prepared in the different ways. According to 
J. U. Nef, the two bromopropionic acids 


Br. 


>C< 


CH, 

COOH 




behave differently towards polarized light being respectively dextro- and Itevo- 
tropic. When heated, hydrogen bromide is given off, and the residual ethylidene 
carboxyUc acid absorbs ammonia, H.NH 2 , water, H.OH, etc., furnishing products 
which ought to be the same if all the carbon valencies are alike, but two derivatives 
are obtained from the d- and 1-acids. Hence, argued J. U. Nef, the four carbon 
valencies are not alike each to each, but are eq. in pairs as illustrated by ±C + , 
so that the products of decomposition would be represented 


P. Walden found that the d- and 1-monobromosuccinic acids change on standing 
2 to 5 years at ordinary temp, so as to form a mixture of equal amounts of the two 
rffcids ; and a similar change occurs with the d- and Wactic acids in 2 or 3 days at 
140°. 

The disposition of the four valencies of the carbon atom has been the subject 
of much discussion. J. H. van’t Hoff’s view that the carbon atom is a material 
point at the centre of a tetrahedron with its valencies directed towards the four 
spices has been previously outlined (1.5,15). J. A. le Bel has modified this hypo¬ 
thesis. E. Knoevcnagel suggested that the valencies of the tetrahedral carbon atom 
aje directed, not to the corners, but to the middle of the sides; and F. W. Hin- 
richseu showed that the so-called double bonds can then be regarded as expressing 
the union of two carbon atoms along a common edge. J. Thiele assumed that the 
carbon atom has a residual or ‘partial valency over and above its quadrivalency; 
and that the partial valencies of adjacent carbon atoms are conjugated. 

Carbon in triphenyl methyl, CfCjHsjs, prepared by M. Gomberg, may be tervaknt. 
The compound has been studied by F. Kehrmann and F. Wentzel, J. F. Norris and 
L. B. Culver, W. Loeb, J. Piccard, W. Schlenk and co-workers, J. Schmidlin, 
A. E. Tjchitschibabin, etc. It appears probable that the white solid is hexaphenyl- 
cthano' (CjHslsC.ClCjHjjj, which slowly dissociates in organic solvents, forming 
a yellew soln. which contains free triphenylmethyl, (CeH 6 ) 3 C.C(C(,H 5 ) 3 ?i 2 C(CeH 5 )j. 
The case appears to be analogous to that of cuprous chloride, Cu2Cl2?=i2CuCl. 
A. B. Tschitsohibabin, and F. W. Hinrichsen hold that in ethylene, C 2 H 4 , carbon is 
tcrvalent and not quadrivalent with a double bond, because the mol. vol. is greater 
in bodies with the so-called double bond than it is in.those with single linkages. 
This is not what would be anticipated, for atoms with a double bond should be nearer 
together than if bonded wiHi single linkages. This argument is not conclusive. 
J. U. Nef, L. Gattermann, R. Scholl, etc., hold that in hydrocyanic acid, C: NH. 
the isonitriles, C: N.R; and fulminic acid, HO.N: C, carbon is truly UvaUtd. 
A. E. Tschitsohibabin, and F. W. Hinrichsen hold that in acetylene, C 2 H 2 , carbon is 
bivalent because with quadrivalent carbon and a triple bond, acetylene is not likely 
to be so stable as it really is. A. Gillet also discussed the bivalenoy of carbon. 
The bivalenoy of carbon in carbon monoxide has been previously discussed (1.5,13). 
If carbon here be quadrivalent, J. W. Brilhl said that the calculated and observed 
values for the mol. refraction are in agreement, but not if the carbon be bivalent, 
0:0.* F. Landolph suggested that in acetone dihydrofluoride, C 3 H 30 . 2 HF, the 
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caibon is lemvalent, but, as F. W. Hiuriohsen has shown, there is no need for 
this assumption; amone other possible formulee, carbon quadrivalent, there is 
(CHj) 2 C( 0 H)P. Similarly, in J. Thiele and W. Peter’s methyl iododichloride, 
CHjICl., carbon appears to be sexivalent, and in M. Qomberg’s triphenylbromo- 
methane tetraio^de, {(CjHslsCBrll^, carbon appears to be ocUmaienl. In these 
cases the carbon is quadrivalent when the halogens are assumed tervalent. 

The carbon molecule.—ft Aufhaiiser 2 argued that from its position in the 
periodic table, and the character of its compounds, carbon ought to be a 
very reactive gas. That it is not is taken as evidence that solid carbon is 
highly polymerized. The number of atoms contained in the carbon molecule 
is unknown. The non-volatility of carbon, except at very high temp., has led to the 
view that the molwule is very complex. Accoring to H. F. Juptuer von Jonstorff, 
and W; C. Roberts-Austen, the presence of 0’5 per cent, of carbon in iron lowers the 
m.p. about 70°; and with this datum the number of atoms per mol. of carbon in 
molten iron is two; it is also estimated that at 850°, the mol. is triatomic; and at 
lower temp., still more complex. Here, the assumption is made that the carbon 
does not form a complex with the iron. From cryoscopic observations on 
soln. of carbon in iron and cobalt, A. Jouniaux also estimated that the graphite 
mol. above 1600° is monatomic when in soln. in these metals. H. F. Jttptner, 
H. W. B. Roozeboom, etc., have shown that the carbon is juobably present as a 
carbide between 1650° and 1250°. P. J. van Kerckholf assumed that the molecule 
of amorphous carbon is C 2 , of graphite, Os, and of the diamond, ( 4 , so as to make the 
observed sp. hts. fit the mol. ht. 6 4 ; 0. E. Oarbonelli likewise assumed that the 
diamond has a molecule O 5 . H. W. Kolbe suggested that graphite has mols. oh 
bivalent carbon, that amorphous carbon has mols. of tervalent qarbon, and that the 
diamond has a mol. C3, consisting of two atoms of bivalent carbon and one atom of 
quadrivalent carbon, C : C : C. E. Donath supposed that the diamond mol. is 
diatomic; and that amorphous carbon is polyatomic. According to W. Vaubel, 
calculations based on the difference between the heats of combustion of carbon and 
carbon monoxide lead to the conclusion that the mol. of carbon at its b.p. contains 
24 atoms. The heat of dissociation of this complex carbon mol. is taken as 32,3U0 
cals., and hence it is deduced that acetylene, carbon disulphide, and other com’- 
PQunds which have commonly negative heats of formation assigned to them, have 
really positive heats of formation. All this, however, is merely guessing, and 
furnishes no precise information. W. Nernst’s observations on the sp. ht. of the 
diamond fit formulas deduced on the assumption that the mol. of the solid is mon¬ 
atomic ; while the sp. ht. of graphite fits better the assumption that the mol. is 
polyatomic, Cn, where n is greater than unity. . 

The heat of combustion of carbon is the joint effect of an absorption of heat 
owing to the degradation of the complex mol. into atoms, and the heat of oxidation 
of the carbon to its oxide, CO 2 . M. Copisaroff assumes that the cause of th$ pro¬ 
gressive increase in the heat of combustion of carbon in passing from the diamond 
to charcoal is due to the varying stability of the carbon mol. in the cases, and that 
this in turn depends upon the mode of linking of the units inside the mol.; that 
the mols. with atoms free to rotate will be the least stable, while mols. with rigid 
atoms will be the most stable; and in the intyrmediale case, some atoms will be 
rigid and some free. The greater the rigidity, the la^er the heat of combustion. 
In amorphous carbon, added M. Copisaroff, the atoms ue mobile and not ri^id; ia 
the diamond all the atoms are rigid; and in graphite, some Stems are rigid, and 
some are mobile. This is also tWgbt to explain the regular gradation in any 
selected physical property in passing from amorphous carbon to the diamond—tade 
supra, action of nitric acid on carbon. 

The intermediate products of the moist oxidation of carbon led V. Meyer to the 
view that the carbon mol. is polyatomic; similar views have been advocated by 
many chemists—J. Dewar, P. L. Kekuld, W. Barlow and W. J. fope, H. 8 . Redgrove 
and J. C. Thomlinson, etc. According to H. Meyer, the diamond resists oxidation 
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by wet processes, while graphite furnishes no mellitic acid, Ce(COOH)<), if oxidized 
directly, but if it be first converted into graphitic acid, the latter does give some 
mellitic acid; coal gives very little of this acid, but charcoal gives a •relatively 
large proportion of mellitic acid which occurs combined with aluminium in nature 
as honeystone. This acid has been studied by H. Meyer and K. Steiner, and by 
W. J. Jarrad. In the presence of osmium tetroxide, as catalytic agent, amorphous 
carbon can be oxidized to carbon dioxide, mellitic aeid, etc., by potassium chlorate 
at 100°. This curious acid is assumed to have the structural relationship with 
benzene indicated in the subjoined graphic formulte, and it is further suggested 
that mellitic acid and carbon have an analogous structure : 


H 

COOH 

V.H 

COOH.C"^- ^C.COOH 

n 1 

II 1 

H.C.^ X'.H 

OOOH.C. X.COOH 

\r 

if 

COOH 

lu-nzt-nfi, 4^.n„ 

Mi-Illllc ncld, 0,(OOOH), 



Carlxm (ImaRlnary), 


During the wet oxidation of carbon, there is formed a yellow hygroscopic mass 
with an acid reaction, which is soluble in alcohol and ether, and which becomes 
black with alkalies. There is evidence that the yellow mass probably contains an 
acid derivative of a hydrocarbon with a five carbon ring, and 0. Dimroth and 
Jl. Kerkovius hence believe that the carbon mol. consists of atoms arranged pen- 
tagonally as well as hexagonally. 0. Aschan considers that the concentric hexagonal 
arrangement of the' carbon atoms in J. Dewar’s mol. would leave the atoms so 


strained that charcoal woidd be an explosive substance like acetylene. The very 

§ great stability of charcoal makes him believe that the mol. has 
a web-like structure formed of atoms arranged as illustrated in 
Fig. 1!), where the dots represent quadrivalent carbon atoms. 
H(; considers that the hydrogen invariably associated with wood 
charcoal is really united with the carbon atoms at the outer 
boundary; and the nitrogen (1 per cent.) invariably found with 
bone charcoal replaces some of the boundary CH-group. This 
means that wood and bone charcoals are complex organic com¬ 
pounds and not forms of elementary carbon. Modifications of 
~ 0- As- this hypothesis were used by T. F. E. Rhcad and R. V. Wheeler, 
Senile* explain the oxygenation of carbon, etc. 

' ' The term molecule used in this sense has a different connotation 


to thot regularly employed in chemistry. The X-radiogram revelations of the 
structure of the diamond and graphite have been discussed in a previous section 
—Fig?. 10 to 12. L. F. Hawley and S. 8. Aiyar have discussed the presence of a 
small proportion of methoxy-groups in wood charcoal. 

The atomic weight ol carbon.-— The at. wt. of carbon was first deduced from 
the analysis and density of carbon dioxide. A. L. Lavoisier ’ found that gas con¬ 
tained 24 to 28 per cent, of-carbon ; F. Clement and J . B. Desormes, 27 to 28 per 
cent.; N. T. dc Saussure, 27-04 to 27-38 per cent.; S. Tennant, 27 to 27-8 per cent.; 
W. Allen and W. H. Pepys, C8-60 to 28-67 per cent.; and J. L. Gay Lussac, 27-38 
per cent. The last-xaraed also obtained 42-99 per cent, of carbon in carbon mon¬ 
oxide, and he later inferred that the at. wt. of carbon is 6, when that of oxygen is 16; 
and he represented the formula of carbon dioxide by CjOz, and that of carbon mon¬ 
oxide by CjO, analogous to water HjO. 

According to H. E. Roscoe and A. Harden,^ in his first table of at. wt., J. Dalton 
gave 4-6 for the at. wt. of carbon, and in 1808, he changed this to 5. W. Front, in 
‘ 1816, gave 6 for the at. wt. (0=8); in 1817, J. J. G. Meinecke, and L. Gmelin gave 
6 (0=8); in 1826, E. J. Thdnard gave C=12-25 (H=l); in 1834, P. T. Meissner 
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pave 4’24 (H=l); and in 1837, 0. B. Ktlhn gave C= 6 'l (H=l). This confuaion 
in the at. wt. was not clarified until A. Avogadro’s hypothesis had been used as the 
touchstone. Never less than 12 parts by weight of carbon are present in a mole¬ 
cular proportion of the volatile compounds of carbon ( 1 . 5, 6 ). This makes the 
hydrogen eq. of carbon in carbon monoxide to bo 6 , and in carbon dioxide 3. In 
cases where the laws are applicable to soln, the same conclusion is obtained with 
soln. of carbon compounds.* There is a vacancy in the periodic table for an clement 
between boron, 110 , and nitrogen, 14; and carbon fits very well in this place as 
a member of the family of quadrivalent elements. 

The atomic heat of carbon deviates from the normal value 6’4 if 12 be the at. wt. 
of carbon, fl. V. Regnault accordingly proposed 24 lor the at. wt. of carbon ; and 

B. C. Brodie, 33 for the at. wt. of graphitic carbon which he called graphon. Neither 
suggestion was” of any particular value. This law of isomorphism ( 1 . 11,10) has 
not been of much assistance in fixing the at. wt. of carbon, since it shows few 
crystallographic analogies with the other members of the same family of elements. 
Indeed, P. Groth said : 

The profound chemical diflorenocs exhibited by carbon and ailicon are !■ofl«cted in tho 
fact that except for tho agreement between the cubic crystalline forms of tho two iodidoa, 
CI4 and Silgt tiiere is no isomorphism between analogously constituted compounds of the 
two elements- between the carbonates and Hilicates, for example- -and also in tho fa<it that 
the two elements unite to form a very stable compound, carborundum, CSi, whow crystalline 
form exhibits no relation to that of either of its constituent eloinonts. 

The various methods which have been employed for obtaining the at. wt. of 
carbon can be arranged in two groups—chemical and physical. Thechemical methods 
can be subdivided: (i) The combustion of carbon to ca/bon dioxide; (ii) the 
combustion of carbon mono.xide or other compounds of carbon to carbon dioxide ; 
and (iii) the analysis of the carbonates or organic salts of the metals—lead, ailver, 
and beryllium. In 1838, J. B. A. Dumas ^ analyzed naphthalene, and concluded 
that the at. wt, of carbon, 12'24, obtained by J. J. Berzelius and P. L. Dulong in 
1819, by a jihysical method, was too high. In 1839, J. J. Berzelius analyzed lead 
oxalate and carbonate, and obtained 12'242, which confirmed his former ri'sult^ 

The deterndnution of the atomic weigM of carbon by the combustion of carbon m 
carbonaceous compounds. —J. B. A. Dumas and J. 8 . Stjs, in their Reeherches sui 
h vMable pouts alomviue du carbons, determined the ratio 0 : OOjj by burning 
diamond, and natural and artificial graphite in oxygen. They thus obtaiued 
U'9975 for the at. wt, of carbon. 0. L. Erdmann and R. F. Marchand made a 
similar investigation and obtained 12 0093 ; H. E. Roscoe likewise obtained 12'0029) 

C. Pricdel, 12 0112; and J. D. van der Plants, 12 0031. J. B. A*. Dymas and 

J. 8 . Stas bated the corrections for the change in volume of the soln. of potassium 
hydroxide produced by the absorption of carbon dioxide, and by some inexplicabk 
error, they concluded that • 

En tenant compte dans ia pesf^e du diaiiiant du poids de Tair qu'il dttpltwo ot dan* eelU 
de I'acide carboniquo condense de I'air qu'il dbpiaee ausai ees rapports no sont pas alt^ri'S 

A. Scott showed that the magnitude of the correction is quite serious, lowering th< 


values: 

J. B. A. Dumaii 
and J. S. KtaB 

• 

U. T/. Erdmann and 
K. F. MArcliatMl 

Ik K. HoaptNi 

(!, Frlwlel 

J. 1>. van 
der Plaata 

Uncorrected . 

. 11*9976 

12*0093 

12*0029 ^ 

12*0112 


Corrected 

. 11*9938 

12*0064 

11*9973 

12-0066 

120018 


B. Bramier also checked these calculations. J. 8. Stas, in his Reeherches nouvelki 
sur le veritable poids atomique du carbons, described experiments in which oarbot 
monoxide was passed over heated copper ®xide. He determined the loss in weigh; 
of the copper oxide, and the weight of carbon dioxide formed. From the iati< 
(CuO less Cu): COj, he obtained the at. wt. 12'0046. J. 8. Stas' results w«( 
criticized by A. ^ott, and J. D. van der Plaats. 'A. Scott also analyze< 
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naphthaleDe tnd cinnamic acid by combustion, and obtained, respectively, n'999 
and 12‘002 for the at. wt. of carbon. 

The determination of the atomic weight of carbon by the analym of metal salts con¬ 
taining carbon—In 1811, and in 1814, J. J. Berzelius analyzed lead carbonate, and 
combining the results with J. L. Gay Lussac’s observations on the C: Oj ratio in 
carbon dioxide, and from the ratio CO 2 : PbO, obtained results corresponding with 
the at. wt. 12'()26 ; while in 1839, from the ratios PbCOj; PbO, and PbCj 04 : PbO, 
obtained 12 242 ; and in 1841, from analysis of the lead salts of organic acids, he 
obtained 12'118. J. von Liebig and J. Redtenbacher analysed silver acetate, and 
from the ratio AgC 2 H 302 : Ag obtained 12'039 ; rVith silver tartrate, Ag^C^ILOe: Ag, 
12 044; with silver racemate, Ag 2 C 4 H 40 j: Ag, 12 049 ; and with silver malate, 
•^g 2 *^«II« 06 : Ag, 12-050. A. Strecker recalculated these values by the method of 
least squares. J. C. G. de Marignac obtained with silver acetate, AgC 2 H 202 : Ag, 
12-036; E. J. Maumen4 with silver acetate, and oxalate and the respective ratios 
AgC 2 H 302 : Ag : CO 2 , and Ag 2 C 204 : Ag: 2 CO 2 , obtained 11-934 and 11-928. The 
general tendency is for these results to be a little high owing to the slight volatiliza¬ 
tion of silver during the ignition. W. L. Hardin electrolyzed silver acetate and 
benzoate dissolved in a soln. of potassium cyanide, and from the ratio AgC 2 H 302 : Ag 
obtained 11-9999 ; and from the ratio AgCjH 502 : Ag, 12 0011. C. L. Parsons 
analyzed beryllium acetylacetonate and basic acetate, and from the respective ratios 
Be(C 6 H 702 ) 2 : BeO, and Be 40 {C 2 H 302 ) 8 : 4BeO, obtained 12-007 when the at. wt. 
of beryllium is 9-112. A. Scott titrated tetramethylammonium bromide and tetra- 
ethylammonium bromide with a standard soln. of silver and obtained 12 017 and 
12-019 respectively. These determinations were discussed by T. E. Thorpe from 
the point of view of P, A. Guye and N. Zachariades’ observations on the tendency 
of finely-divided substances to absorb air. T. W. Richards and C. R. Roover 
evaluated the ratio Na 2 C 03 : 2Ag=29'4361 ; 59-91676, and hence computed 12 003 
for the at. wt. of silver; E. Moles argued that if another value were adopted for 
sodium, these results agree with the at. wt. 12 000 for carbon. 

The dete/rmiruUion of the atomic weight of carbon by physical methods. —In 1814, 
W. H. Wollaston * calculated the at. wt. of carbon from the density determinations . 
of oxygen and carbon dioxide by J. B. Biot and F. J. Arago. It was assumed that 
no change in volume occurs when the oxygen is converted into carbon dioxide. 
W. H’ Wollaston obtained’l2-063 for the at. wt. of carbon, oxygen 16. J. J. Berzelius 
and P. L. Dulong obtained 12-24 in a similar manner. The latter value was accepted 
for some years, although, in 1836, T. Thomson obtained 12-000 from density deter¬ 
minations. F. J. Wrede showed that, owing to the greater compressibility of carbon 
dioxide, oxygen yields rather lees than its own vol. of carbon dioxide, the density 
of which'is correspondingly high. After making an allowance for this, he obtained 
12-023 fifom the ratio 063 ; CO ; 12 021 from the ratio CO: 0; apd 12-022 from 
the ratioi C 02 : 0. P- A. Guye and T. Batuecas obtained 11-998 by this method. 
D. Berthelot by his method of limiting densities ( 1 . 5, 8 ), and the density deter¬ 
minations of A. Leduc, and Lord Rayle^h, obtained numbers ranging from 12-000 to 
12-007—probable mean 12-006—for the at. wt. of carbon: with G. Baume and 
F. L. Perrot’s value for the density of methane, the value 12 0085 was obtained; 
and for ethane, 12-036. Lord Rayleigh's value for the density and compressibility 
of carbon monoxide gave 12-0(^. A. Jacquerod and F. L. Perrot measured the 
expension of carbon monoxide and dioxide up to 1067-4°, and from the mean den¬ 
sities obtained the respAtive at. wt. 12-009 and 11-992. G. Baume calculated from 
the density of methyl ether, (CH 8 ) 20 , the at. wt. 11-9919+00010; and A. Leduc's 
value for the density of toluene gave 12-003. A. Leduc’s method of limiting den¬ 
sities ( 1 . 13, 4) with carbon monoxide and dioxide, and with acetylene, gave 12'008. 
P. A. Quye’s method of critical constafite ( 1 . 13, 4) with carbon monoxide and 
methane, with Lord Rayleigh’s and A. Leduo’s ^ta for- carbon monoxide, gave 
12-003; and, with G. Baume and F. L. Ferrot’s value for methane, 12-004, 

Observations or summaries have been made by P. A. Guye, N. Delaunay. 
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A. Leauo, J. A. Wanklyn, etc. G, D. Hinrichs, and E. Holas advocated the whole 
number 12 for the at. wt. J. A. Groehane disoussed the relation of W. Pront’s 
hypothesis to the at. wt. of carbon. B. Brauner summarised the various deter¬ 
minations of the at. wt. of carbon prior to 1909, and obtained 12'002 with an un¬ 
certainty of one unit in the third decimal place; P. W. Clarke obtained 12’0000 
± 0'00029. The International Table of atomic weights for 1922 gave 18*005 as the 
best representative value, fi. Rutherford and J. Chadwick found no evidence of 
the dvrintegntion ol the carbon atom when bombarded by a-rays. The atomic 
number of carbon is 6. F. W. Aston found no isotopes. 

L. Bell ^d.P. R. Bassett found helium lines in the spectrum of the negative tongue in 
the carbon arc of at least 100 amp They assume this shows that some carbon atoms 
have dissociated ^into helium; but other more probable interpretations are possible. 
8 ome*hydrogen lines are attributed to adsorbed water vapour. 
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Rend.. 148.39, 1009; Lord Rayleigh, Proc. Roy. Soc., 62. 204,1897 ; 74. 446,1905; G. I). Hinrichs, 
The True Atomic Weighl»of the Chemical Elements and the Unity of Matter, St. L<juis, 1894; 
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§ 13. The Carbides—The Alkali Carbides 

H. Mbissan begrundete die Chemie der Karbide.—O. Honioschmid (1914). 

The binary compounds of carbon with most of the elements are called carbides; 
a few compounds of carbon with the metalloids— e.g. oxygen, the halogens, and 
sulphur—are not usually regarded as carbides. The existence of the metal carbides 
was recognised by C. A. Vandermonde, C. L. Berthollet, and G. Monge,i in their 
Mimoire s«r le fer connidere da^s sea diffirens Stats tmtaUiques, but no definite com¬ 
pound was recognized.^ It was observed that relatively small proportions of carbon 
greatly modified the malleabihty and ductility of the metal, but the low proportion 
of carbon seemed to exclude the idea that a definite compound was formed. A 
few years later, A. F. de Ponreroy, in L. B. G. de Morveau’s EncydopSdie, stated : 

Le Carbone eat aiiaceptible de se combine* directement ot entitrement aux m4taux. . . . 
Ce nom corbare rbpond a cotui de sulfure et de phosphure qui appartient h des combinaiaons 
Eqialoguea entre le aouire et le phoaphore et lea difldrenta corpa ; oomrae on distingue lea 
auifuree aicalina, aloalino^erreux et m^talliquea, ii eat vrsisemblable qu'il exiate des car. 
butaa aloalina, oloalino tecreux, et mCtalliquea. 
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The nomenclature was here in advance of the facts. C. J. B. Karsten expressed 
the idea that in steel the carbon is not distributed uniformly tluoughout the mass 
of metal as carbon but rather as the carbide, FeCj. J. J. Berselius thought that he 
had made a series of definite carbides by heating the cyanides of some of the metals; 
similarly with the ferrocyanides, but here the product is a mixture of the carbides 
of iron, and the other metal. J. B. A. Dumas then argued that the luoducta ob¬ 
tained by J. J. Berzelius ar<^not really carbides, but are mixtures of the metal with 
carbon. Other carbides were reported by E. Davy, F. Wohler, L. Troost and 
P. Hautefcuille, L. Maqueune, H. Moisaan, etc. In his investigation : Sur me 
noitvdh classe de rudieaux metaUi^ues composee, M. Berthelot described sodium and 
potassium carbides; and he, and M. Reiser, showed their relation to acetylene, a 
gas which these carbides produce on treatment with water. The carbides of copper, 
silvei*, and mertury produced by the action of acetylene on metal salt soln. very 
readily decompose, maybe explosively, when heated. The other carbides are 
produced by the direct action of the metal on carbon at a bigh temp., and, within 
certain limits of temp,, are stable. K. Nischk studied the relative affinities of 
carbon and oxygen for the metals. 

The carbides are made (i) By the direct union of carbon and metal; (ii) By 
the action of carbon on the oxides or oxysalts of the metals; (iii) By the action 
of carbon on the hydrides or nitrides of the metals; (iv) By the action of rnetals 
on the oxides of carbon ; (v) By heating the metallic oxides with calcium carbide in 
place of carbon ; (vi) By the simultaneous action of carbon and of a very oxidizablc 
metal on an oxide of the metal; (vii) By the action of metals on the hydrocarbon 
gases; (viii) By the action of acetylene on metal salt soln.; (ix) By passing 
acetylene into a soln. of the metal in liquid ammonia-probably, said H. Moissan, 
the acetylene-carbide is first formed and the liberated hylirogen converts some 
acetylene into ethylene: 3C2H2-i-2NaNll3'--D.^Na2.C2H.2-|-2NH3-|-(.'2H4; and (x) 
By decomposing some organic compounds by heat, as in the case of the thiocyanates 
of silver, cojiper, zinc, bismuth, iron, manganese, lead, or tin. F. Hab(T arranged 
the carbides in groups according to the periodic classification, as extended in Table 
XVI. The carbides of the elements in the left division of the different groups are 
usually stable at a high temp, and arc non-volatile solids ; while those in th« right 
division are either easily decomposed at a high temp, (metal carbides) or are readily 
volatile (carbides of the metalloids). Carbon fluoride and carbon dioxide are 
gaseous but very stable; and paracyanogen is a stable solid. Aluininiun) and 
silicon carbides in the division on the right are exceptional. 


Table XVI.—Pcaionic Classikication of the Cabbidrs. 


Oreiip I. 


Li,0, 

Ns,C, 

KaC> 

CuC, 

Rb,C, 

Oi,C, 


AoG, 


• 

Oroiip II. 

(ironp 111 . 

(iroup IV. 

Oroiip V. 

fJroup VI 

j Group VII. 

BeCg 

BO 

C 

(NC). 

OaC 


MgC, 

AI,C, 

SiC 

P 

8 ,C 

CI 4 C 

CaC, 

So 

TiC 

VC 

Cr,0, 

MugC 

Zn 

Oa' 

Ge 

As 

Be 

i Br 4 C 

SrC, 

YC, 

ZrC 

CbOt 

Mo.C' 

! —■ 

Cd 

In 

SnC 

8 b 


i 

BaC, 

LaC, 

CeC, 

Di 


! — 

. __ 

_ 

— 

»— 

— . 

; • — 

_ 

Yb 

— 

Ta 

; W,C 

! — 

HgC, 

T1 

PbO\ 

Bid, 

i — 

— 


■ 

TbC, 

. 

: D,Cj 



On,I/.. Vlll. 

(F«,Oo,Ni),C 

(Ru,Rh,Pd)C. 

— • 

(0«.Ir,Pt)CI. 


The metal carbides can be roughly classified according to their action on Water 
or dil. acids, (i) The acetylidei are derivatives of acetylene, b^use they furnish 
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th*t gM when treated b^theee agents—«.j 5 >.alkaK metals; copper; silver; alkaline 
earth metals; magnesium; and mercury. They are constituted: 


C-M' 

C-M' 

Sodium carbide, Ka^Cj 



CalciiUD carbide, CaC^ 


(ii) Methanides are derivatives of methane because they furnish that gas when 
treated with water or dil. acid—e.j. beryllium, aluminium, and manganese. They 
are constituted: 

Be = 0 = Be 
Beryllium carbide. BpjO 

There are of course other possibilities—e.jr. A11 C.Al.: C; Al.C • Al. (iii) Mixed 
carbides supposed to be partly acetylides and partly methanides in that they furnish 


aiAai 

A 

^ilurolniam carbide. Al.C. 



Fio. 20.—Graphic Bepresentation of the Action of Water and Dilute Acids on the 
Metal Carbides. 


both acetylene and methane when treated with dil. acids or by water— e.g. lan¬ 
thanum, cerium, yttrium, and thorium carbides. Uranium carbide has been 
represented 



Uianlom carbide, tJ.C. 


(iv) The other carbides which are decomposed by water or dil. acids furnish different 
hydrocarbons—ethylene, etc. (v) The .carbides not decomposed by water or dil. 
acids. 

'■ M. Del^ne arranged tbe carbides of the metals about three concentric circles 
as indioatM in 20;' Tbe produota with water are indicated in the outer ring, 
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and the prodnots vith dil. bydrochlorio acid in the inner ring. Ber^Uian and 
alnminium carbides have been omitted from the scheme; they give methane with 
both liquids. 

The following monographe, eto. deal with the oarbidee; H. DelSpine, Uatburet mkd- 
liquu, Parie, 1904; O. HSnigsohmid, Kmbidt uni SUizide, Halle a. 8., 1914 ; F. B. Ahrens, 

Mttallkarbidt und ihre Anu^ndung, Stuttgart, 1896; A. Frank, Zeit. EleHrochem., 3. 
427, 1897 ; Joum. QmhtleuchL, 41. 682, 1898 ; 0. Sandmann, ZeU. angm. Chtm., 14. 673, 
1901 ; J. H, Vogel, Handbuch aer AgetyUn, Braunschweig, 1904, 

H. Moissan prepared a series of complex acetylene carbides : KajC^.C^Hg, 
E 2 C 2 -(' 2 H 2 , Li 2 C 2 .C 2 H 2 . 2 NH], and CaC 2 .C 2 H 2 . 4 NH 3 , by passing acetylene into a 
soln. of the corresponding metal in liquid ammonia. All these complexes furnish the 
simple carbides.when heated. 

The alkali carbides.—H. Moissan obtained lithium carbide, Li 2 C 2 , by warming 
lithium acetylenediammoniocarbide in vacuo; he also made lithium carbide by 
heating lithium in a stream of acetylene, A. Guntz represented the reaction with 
acetylene: C 2 H 2 -l- 4 Li= 2 LiH-|-C 2 Li 2 ; and he obtained a similar result with 
ethylene: C 2 H 4 H- 6 Li= 4 LiH-|-C 2 Li 2 ; and with carbon monoxide or dioxide at a 
dull red heat; at a higher temp., only a little carbide is formed. H. Moissan also 
obtained lithium carbide by heating four gram-atoms of carbon with a mol of lithium 
carbonate in an electric furnace. A. Guntz made lithium carbide by heating a 
mixture of equal parts of amorphous carbon and lithium at a dull red heat, in vacuo, 
for half an hour. Diamonds react in the same way as amorphous carbon. The 
carbide was also made by heating lithium with an electric arc using carbon electrodes 
in vacuo. According to E. Vigouroux,* sodium has no perceptible action on carbon. 
8 . Opolsky found that where an excess of sodium is used in-the preparation of the 
homologues of thiophene, a brown, explosive sodium Carbide is formed. M. TBerthelot 
made sodium acetylene carbide, Na 2 C 2 .C 2 H 2 , by warming sodium in a stream of 
acetylene gas ; when heated to a dull red heat, sodium carbide, Na 2 C 2 , is formed; 
allylene also furnishes sodium acetylene carbide mixed with carbon when the gas 
is passed over heated sodium. R. de Forcrand prepared the carbide in a similar 
manner. H. Moissan made it by the dissociation of sodium acetylene carbide in 
vacuo: and C. Matignon made it of a high degree of purity by heating sodium 
acetylene carbide in a stream of hydrogen at 220°-230°. C. E. Parsons made it 
by heating borax and carbon over 1000 °. 

H. Davy noted that if charcoal, graphite, or the diamond be heated to redness 
with potassium at a temp, at which the metal is volatile, the carbon “ seemed 
gradually to combine with the potassium,” and the product, when treated wittf 
water, gave off a gas which burnt like hydrogen. According to J.*J. Berzelius, 
the black mass obtained in the preparation of potassium by the reductiqn of the 
carbonate witE carbon, is a KoMerutqffkalium. In 1836, E. Davy also prepared 
what he called a peculiar compound of carbon and potassium, or carburet of 
potassium; it gave acetylene when treated with water, and was undoubtedly 
impure potassium carbide. H. Moissan made potssnum carbide, K]!^, by the 
dissociation of potassium acetylene carbide in vacuo. M. Berthelot found that 
molten potassium inflames in acetylene, and the mixture then explodes—there is 
a separation of carbon, and potassium caibide is formed. At a dull red heat, 
ethylene also converts potassium partially into carbide. H. Moissan made raUdiom 
carbide, Rb 2 C 2 , by rapidly heating rubidium acetylene ca{bide in vacuo to AX)°, 
and cterinm carbide, Ce 2 (^, was prepared in a simiiat way. 

These carbides appear to be white powders or white masses with a crystalline 
fracture; if carbon is present as an impurity, the carbide may be grey or black. 
The sp. gr. of lithium carbide, according to H. Moissan, is 1'65 at 18°; and sodium 
carbiw, according to C. Mati^on, has a Sp. gr. of 1’676. H. Moissansaid lithium 
carbide easily breaks and is not hard enou^ to scratch gl^; and C. Matignen 
smd that sodium carbide is not sensitive to percussion or frii^ion. C. Matignon said 
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that hydrogen is without action on sodium carbide. According to H, Moissan, 
lithium carbide at a dull red heat burns vigorously in oxygen ; sodium carbide wa.s 
found by C. Matignon to be stable in air or oxygen at ordinary temp., but when 
heated, combustion occurs, and sodium carbonate is formed; H. Moissan said 
rubidium carbide is not attacked in the cold by oxygen. A. Guntz said that lithium 
carbide does not dissociate when heated ; on the other hand, at a dull red heat, in 
vacuo, said H. Moissan, rubidium or c®sium carbide gives amorphous carbon and 
the metal. K. de Forcrand, and C. Matignon gave for the heat of formation 
CsHzKHsd'^Na—C 2 Na 2 soii(i“l“H 2 'i“ 49'3 Cals.; and SC.jjamond'f' 2 Nafloiirt“C 2 Na 2 8‘8 
Cals. H. Moissan said that lithium carbide is decomposed by cold water, giving 
off acetylene only—a kilogram of lithium carbide gives 687 litres of acetylene. 
A similar reaction was found by C. Matignon to occur with water, but with 
a large excess of sodium carbide an explosion may occur and carbon be separated. 
In spite of the apparent irreversibility of the reaction, J. Billitzer considers that the 
slight increase in the solubility of acetylene in water brought about by the addition 
of small quantities of salts, indicates the possibility that acetylides may exist in 
soln. The thermal value of the reaction with sodium carbide, given by C. Matignon, 
and R. de Forcrand, is: C 2 Na 2 + 2 H 20 =C 2 H 2 ga«+ 2 NaOHaq.-|- 37'6 Cals. The 
other alkali carbides are also decomposed by water, and acetylene is evolved. 

H. Moissan found that cold lithium carbide burns with great brilliancy in 
fluorine or chlorine, but it must be warmed a little before combustion occurs in 
bromine or iodine. According to C. Matignon, sodium carbide burns in chlorine 
with the separation of carbon ; in bromine, carbon and brominated hydrocarbons 
arq formed; and with iodine, ethylene tetraiodide, C 2 I 4 , is formed. H. Moissan 
found rubidium or csesium carbide bums in fluorine, chlorine, bromine, or iodine. 
Cone, acids, said H. Moissan, attack lithium carbide very slowly: C. Matignon gave 
for the'action of hydrochloric acid on sodium carbide: C 2 Na 24 - 2 HCl 
= 2 NaCl+ 2 C+H 2 ; but if the carbide is suspended in ether, acetylene is formed : 
C 2 Na 2 + 2 HCt= 2 NaCl+C 2 H 2 . H. Moissan found that rubidium or cffisium carbide 
inflames in contact with hydrochloric acid—unless the acid be dil. H. Moissan 
found that lithium carbide burns in the vap. of sulphur or selenium ; rubidium 
carbide behaves similarly. C. Matignon found that in contact with sodium carbide 
at 160°, hydrogen sulphide, acetylene and sodium hydrosulphide are formed. He 
also observed a separation of carbon when sodium carbide is heated with sulphur 
dioxide ; and H. Moissan said that sulphur dioxide in the cold does not attack 
rubidium carbide, but inflammation occurs when heat is supplied. C. Matignon 
found that carbon monoxide does not attack sodium carbide below 260°, and that 
the reaction with carbon dioxide resembles that with sulphur dioxide ; H. Moissan 
also found the same to be true with respect to rubidium carbide. Rubidium and 
csBsium carbides react vigorously when heated with silicon or with boron. The 
action of nitric oxide with rubidium carbide resembles that with sulphur dioxide. 
C. Matigiion said that sodium carbide reacts with nitrogen pentoxide at 160° with 
incandescence and the separation of carbon. H. Moissan said that an explosion 
occurs when rubidium or csesium carbide is brought in contact with nitric 
acid. Lithium carbide burns vigorously, in phosphorus vap., forming the alkali 
phosphide which gives phosphine with water. C. Matignon observed a similar 
result with sodium carbide; and with phosphorus. H. Moissan observed that 
at a red heat lithium carbide is decomposed by arsenic, and a mixture of 
rubidium carbide and ersenic inflames when heated. C. Matignon observed that 
carbon is liberated when sodium carbide is triturated in a mortar with mercury, 
alsminlnm, lead, or iron ; the reaction may be very vigorous. H. Moissan foymd 
that when a mixture of caloinm and rubidium carbide is heated, in vacuo, rubidium 
distills off. H. Moissan found that molten potassium hydroxide decomposes lithimn 
carbide with the development of much heat. The carbides are powerful reducing 
agents, and when mixed with oxidizing agents, explosive mixtures may be formed. 
H. Moissan noted that at 400°, terrio (^e or chromic oxide is reduced by rubidium 
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carlnde with the development of much heat; ferric oxide ia reduced with incan¬ 
descence when gently heated with ctesium carbide; at ^°, lead monoxide' is 
explosively reduced by rubidium carbide, and Uthium carbide is reduced with great 
vigour and with incandescence. A. Guntz noted that lithium carbide reduces 
molten lithiom chloride to the subchloride, LigCl. C. Matignon found that when 
sodium carbide is rubbed in a mortar with certain chlorides or iodides, the mixture 
may become incandescent, an^ explode; the sulphates are reduced when triturated 
with sodium carbide. 


When a soln. of lithium in liquid ammonia is treated with acetylene, II. Moissan 
found that fine crystals of lithium acetylenediamminocarbide, C 2 Li 2 .Cj[H. 2 . 2 NH 3 , 
or C 2 HLi.NHj, are formed, which, under a lens, appear to resemble the crystals of 
Iceland spar. The compound readily decomposes into lithium carbide, etc., when 
heated in air or hydrogen; it burns in contact with water, or chlorine, and also in 
sulphur dioxide or carbon dioxide. 0. Matignon prepared sodium acetylcnscarbide, 
C 2 Na 2 .C 2 H 2 , by passing purified and dry acetylene, wanned to tlie m.|). of sodium, 
over sodium heated by an oil-bath. The last particles of sodium are transformed 
but slowly. H. Moissan made the same compound by passing acetylene over sodium 
hydride—hydrogen is evolved ; the reaction proceeds at —80° ; he also made this 
compound by passing acetylene into a soln. of sodium in liquid ammonia cooled to 
—40°; the blue liquid becomes colourless, and ethylene is evolved. To obtain 
crystals of the compound, the soln. is cooled to —60“ or the ammonia is allowed 
to evaporate. According to M. Skossarewsky, the mol. electrical conductivity of 
sodiumacetylide, NaHCV (more likely Na 2 C 2 . 02 H 2 ), in liquid ammonia is of the same 
order as that of sodium acetate. H. Moissan made potassium acetylenecarbi^, 
C 2 K 2 .C 2 H. 2 ; rubidium acetylenecarbide, C 2 Rb 2 .C 2 H 2 ; and c»sium acetylene- 
carbide, 02082 -^ 2112 , in a similar manner. ’ , 

The aUrali acetylene carbides all form microscopic, white, rhombic plates 
resembling boric acid; the crystals arc deliquescent. They decompose into the 
simple carbide when heated in vacuo, or in a streatn of hydrogen. The rubidium 
and cafsiuin compounds begin to melt with decomposition below 300°. 0. Matignon 
gave for the heat of formation 20 ,uaiuomi-HIf ^■Na—02HNa—29 2 Oals. Dry ais 
has no action on rubidium acetylcnccarbide, which, when heated in oxygen, inflames. 
The compounds are readily decomposed by wafer giving the alkali hydroxide and 
acetylene; for the sodium compound, 0. Matignon gave O 2 NUH-I-H 2 O 
=NaOH-f 02 H 2 Ba»-l-l't '5 Boiling ether has no action on sodium acetylene 

carbide ; alcohol decomposes it energetically with the formation of sotlium ethoidde : 
and it sinks in ligroin, sp. gr. 0-899, without showing any chemical action. H. Moisran , 
found that cresium acetylcnccarbide sinks in benzene and carbon te^achloridfl 
without chemical action. 0. Matignon found sodium acetylene carbide inflames at' 
ordinary temp, in chlorine or bromine; and if suspended in ligroin, and iodine be 
added, the acetylene is attacked and sodium carbide remains. H. Moissan observed 
that potassium acetylene carbide inflames in chlorine, forming hydrogen bhloride 
and carbon; the rubidium compound inflames at ordinary temp, in fluorine, 
chlorine, bromine, or iodine vap.; so also does the caesium compound inflame in 
fluorine and chlorine, but it must be warmed a little before it inflames in bromine 
or iodine vap. Caesium 4 cetylenec.arbide takes fire- in hydrogen chloride. The 
rubidium compound inflames in contact With hydrochloric ftcid, and it also 
takes fire in contact with molten sulphur. The* potasaum compound reacts 
with sulphur dionde at ordinary temp, and it becomes iacandescent; likewise 
with the caesium compound. The rubidium compound decomposes in contact 
-with monohydrated sulphuric acid, ind burns with a pale flame; likewise also the 
oaseium compound. C. Matignon found the s^um compound can be recrystallized 
from liquid ammonia without change. H. IJoissan found that the caesium compound 
ignites at about 100° in nitrogen peroxide. The cffisium compound burns-vigorously 
in contact with monohydrated nitric add. The rubidium and caesium compound* 
become incamdescent when warmed ip contaact with phosphorus or arsenic. When, 

VOL. V. ■ 3 t 



860 ‘llJORGANIC AND THEORETICAL CHEMISTRY' 

the potassium compound is warmed with carbon dioxide the mass becomes incan¬ 
descent. The rubidium compound does not react in the cold, but it does so vigor¬ 
ously when warmed. Amorphous silicon and boron at about 350° are not attacked 
by the rubidium compound, while at this temp., lead dioxide is reduced explosively, 
and cnpric oxide and manganese dioxide are vigorously reduced with incandescence. 
Cupric oxide and load-dioxide are also reduced explosively by the caesium compound 
at a dull red heat. , 

A. Lagormark * prepared sodium allylenide, CsHjNa, by the prolonged action 
ol allylene on so<lium. 
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§ 14. Th‘e Carbides of the Copper Family of Elements 

The direct action of carbon on copper has been discussed in connection with the 
last-named clement (3. 21, 6). K. Nischk * studied the relative affinities of copper for 
carbon and oxygen. P. Rucktaschel, and W. Hempel made an alloy with 0'3 per 
cent, of carbon, but no combination between the two elements was observed. 
E. Brinftr and R. Senglet found tlxat an endothermic copper carbide is formed 
from the elements at a high temp, and the product decomposes at 1600°. 0. Ruff 
and B. Bergdahl found the solubility of carbon in copper to be small. As previously 
cited, J. J. Berzelius’ copper carbide was probably a mixture. There arc two carbides 
of copper—cuprous and cupric. Anhydrous cupric carbide has not been prepared. 
In 1858, before the nature of acetylene, had been established, J A. Quet prepared 
what was probably cuprouX carbide, or cuprous acetylide, CugCg, by passing the gas 
obtained by sparking alcohol vap. thA>ttgh an ammoniacal soln. of cuprous chloride; 
and in the same year, R. Bottgtr obtaineditby passing coal gas through an ammoni- 
acal soln. of cuprous chloride or sulphite, a soln. obtained by shaking copper oxide 
with cone, aq, ammonia, or a soln. of sodium cuprous thiosulphate. M. Berthelot 
showed that the gas obtained by the incomplete combustion of coal gas gives a good 
yield, which, according to A. Romer, is still further improved by bubbling the gas 
through ether before it is burnt. M. .Berthelot prepared a similar compound by 
passing acetylene into an aq. or ammoniacal soln. of cuprous salt. R. Blochmann 
iecommended washing the product with aq. ammonia, and drying first in air and 
then over calcium chloride. E. H. Keiser passed acetylene into water carrying 
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cuprous hydroxide in suspension, or into water with finely divided copper in sus¬ 
pension. M. Kuntzmann said that the intermediate formation of ammoniacal 
cuprous chloride is not necessary, and the washing with ammonia can bo eliminated 
by aspirating the gases containing acetylene through liquor-ammonia, and then 
through a cylinder containing copper turnings and ammonia. The reel carbide 
forms on the turnings and remains suspended in the liquid, which itself becomes 
blue. The formation of cuprous carbide on the cupriferous parts of acetylene 
generators, and in cupriferous conducting tubes has been discussed by J. Torrey, 

A. Crova, J. Nicklhs, etc. If the copper is in contact with a sacrificial metal like 
zinc, W. Melentjefi found that the copper carbide is not formed. Cuprous carbide 
can also be made by treating with acetylene a soln. of a cupric salt in contact with a 
reducing agent. Thus, E. Pochard, H. Erdmann andO. A.W. Makowka, and J. Scheiber 
passcdacetylene through a soln. of cupric sulphate and hydroxylaraine at 50°, but there 
is no action if the soln. is cold. 0. A. W. Makowka found that in place of hydroxyl- 
amine, hydrazine, hydroquinone, pyrogallol, potassium iodide, arsenious oxide, or 
sulphur dioxide can be used. H. G. Soderbaum, and A, Schierl used a soln. of 
sulphur dioxide and ammoniacal cupric sulphate on a water-bath. The acetylene 
is freed from phosphine by soln. of lead acetate and mercuric chloride. 0. S. Johnson 
treated a soln. of glucose and cupric sulphate with acetylene. E. Rcbonl made 
cuprous carbide by the action of acetylene monobromide on an ammoniacal soln. of 
cuprous chloride ; P, Cazeneuve, by the action of bromoform and zinc dust on an 
ammoniacal soln. of cuprous chloride; and J. F. Durand, by the action of calcium 
carbide on a soln. of a cuprous salt. 

F. KUspert made colloidal cuprous carbide, by adding an ammoniacal soln. of 
cuprous chloride to an aq. soln. of acetylene, when red colloidal copper carbide is 
formed. This soln. cannot be filtered, but if 0 2 per cent, of gelatine is added, a stable 
colloidal soln. is obtained. * 

There have been some differences of opinion as to the composition of the product. 
This may be due to the difficulties involved in preparing cuprous carbide of a high 
degree of purity. E. H. Keiser found that when copper carbide is made by passing 
acetylene into an ammoniacal soln. of cuprous chloride or oxide, or into water with 
finely divided cuprous chloride in suspension, free carbon is present. He said : • 

All attempts to make copper acetylido free from carbon have failed. It appears that when 
acetylene ia passed into a cuprous soln., and air or oxygen is present in small quantity, the 
cuprous compound ia o.xidized to the cupric condition, and there is formed some rod cuprous 
oeetylide, but at the same time, some of the hydrogen of acetylene or the copper of the 
precipitate is oxidized, and carbon remains behind. In its preparation, too, owing to ita 
colloidal nature, it ia liable to carry down any cuprous and cupric sdlts which may be present. • 

M. Berthelot represented the composition of the product dried over calciflm qhloride 
by (C 2 HCu 2 ) 20 — cuproacelyloxide, and if still further dried, C 2 HCut»iCu 20 ; 

A. Schierl found after drying in vacuo over sulphuric acid, or for a month over phos¬ 
phorus pentoxide, C 2 HCU.CUOH; J. Scheiher gave HC ■ C.Cu.Cu.OfI; E. Reboul, 
C 2 HCU; R. Blochmann, C 2 H 2 CU. 2 O; 0. A. W. Makowka, CHCU 2 .COH; and 
E. H. Keiser found that the purest specimens, made by the action of acetylene 
upon cuprous hydroxide suspended in water, and making an allowance for the free 
carbon present, had a composition corresponding with C 2 CU 2 . 

The voluminous precipitate has a red or rtMdish-brown colour, and when dried, 
it may be brown. N. Ljubawin said that it decompases when kept for some time, 
forming a substance resembling humus, which M. Berthelot sai(J is insoluble in hydro¬ 
chloric acid. H. Erdmann and 0. A. W. Makowka found that cuprous carbide can be 
kept unchanged in a eat. aq. soln. of acetylene, but when exposed to air, it gradually 
forms cupric acetate and oxide, but 0. A. W. Makowka could detect no cupric acetate. 

J. A. Quet, and B. Bbttger found that cuproqs carbide is explosive ; and it detonates 
by percussion, or when heated over 100°. Mi. Berthelot said that coppar, carbon, 
water, and carbon dioxide and monoxide are formed during the explosion. W. 8. Mai* 
said that it can be heated at 60° m^ir without explosion f and, as observed by 
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M. Frenud and W. S. Mai, if warmed in air or oxygen for some hours it explodes 
when brought in contact with acetylene. It is suggested that C%O.GjH 2 is formed 
which, in contact with acetylene, loses water and then decomposes explosively. 
R. Bloohmann said that the red carbide is insoluble in water. 0. A. W. Makowka 
found that when the thoroughly washed carbide is treated in the cold with 30 per cent, 
hydrogen dioxide, some cupric dioxide is formed, oxygen is given off, and an alde¬ 
hyde derivative, CU 2 OH.COH, is produced; but in alkaline soln. no cupric dioxide is 
produced, and the filtrate, when neutralized with sifiphuric acid, yields a volatile 
organic compound. M. Berthelot found cuprous carbide inflames spontaneously 
in chlorine and carbon separates. It behaves similarly with bromine vap. and 
finely-divided iodine. 

E. Reboul noted a eryetalline substance is formed when acetylene is passed into bromine,, 
and A. Saban^il ascribed to it the formula OjHjBr,, hexabromotetramethylene. A. A..Noye3 
and C. W. Tucker say that the compound is'not formed with acetylene from calcium carbide, 
but it is formed when acetylene is obtained from an ammoniac^ soln. of cuprous chloride 
sat. with acetylene. The gas in the latter case is contaminated with diacetylene 
CH i C.C : CH derived from the oxidation of acetylene or cuprous carbide with the inter¬ 
mediate formation of cuproita diacetylide, Cu.C : C.C : C.Cu; thus, 2C,Cu,-l-2CuCl, 
=C 4 Cu,-f 4CuCl i and C,Cu,-l-2HCl=CH I C.C : CH-)-2CuCI. 

E. Carstanjen and A. Schertel found that cuprous carbide and ethylene iodide 
furnish cuprous iodide, a gas, and an iodiferous crystalline product. R. Chavastelon 
observed that no evolution of gas occurs when the earbide is treated with cold 
hydrochloric acid, but gas is evolved when the mixture is heated; and, added 

N. Caro, some diaeetylene, ethylidene chloride, and a solid hydrocarbon resembling 
otprene, C 7 H 8 , is formed. M. Berthelot found cuprous carbide is soluble in very dil. 
hydrochloric acid without the development of gas, and a greenish, almost colourless, 
bquid is formed which when nearly neutraUzed with potassium hydroxide, precipi¬ 
tates the carbide unchanged; with hydrochloric acid of sp. gr. I'l, at ordinary 
temp., only a bttle gas is developed, but when warmed there is a turbulent evolution 
of acetylene, and cuprous chloride is formed. R. Blochmann said that cone, hydro¬ 
chloric acid transforms the freshly prepared carbide into cuprous chloride, acetylene, 
an^ a bttle ethybdenc chloride. A. Romor found that with hydrochloric acid on a 
water-bath, acetylene is slowly and regularly evolved. A. Romer, and A. A. Noyes 
and C. W. Tucker found some diaeetylene to be produced by the action of hydro¬ 
chloric acid on cuprous carbide; S. Zcisel, some vinyl chloride; J. Scheiber, no 
acetaldehyde; and M. Berthelot, an amorphous black powder. A. Schierl noted 
that cuprous carbide is jjecomposed by hydi^en sulphide. M. Berthelot found that 
the carbide is slowly attacked when heated with dil. sulphurous acid. M. Berthelot 
said thqt it vs soluble in sulphuric acid, and the 1:1 acid slowly attacks the carbide. 
R. Bot^ger, and A. Rpmer found that dil. sulphuric acid has no action, but a more 
cone, acid, on the water-bath, develops acetylene, etc. H, Erdmann and 

O. A. W. Makowka found that an explosion occurs with the cone. acid. They also 
say that cuprous carbide is soluble in aq. ammonia only in the presence of air. 
R. Bottger also made observations on this subject. M. Berthelot found that ethylene 
is formed when the carbide is treated with zinc in the presence of aq. ammonia. 
A. Schierl said the carbide is soluble in soln. of ammonium salts; and M. Berthelot, 
that it is decomposed when bobed «with a solution of ammonium chloride and 
ammonia is evolved. A. Schierl found that the carbide dissolves in cold dil. nitric 
add; H. Erdmann and 0. A. W. Makowka, that it is decomposed slowly by nitric acid, 
sp. gr. M6, when heated on a water-bath; and M. Berthelot, that the moist carbide is 
oximzed by nitric acid, but the dried carbide explodes with the separation of carbon. 
E. H. Keiser also found the carbide is decomposed by nitric acid. M. Berthelot, 
H. Erdmann and 0. A. W. Makowka, and H. C. Jones and C. R. Allen noted the 
formation pf acetylene when cuprous i&bide is heated with a soln. of potassinm 
cyanide. M. Berthelot found the carbide is slowly attacked by aoetio add; 
H. Erdmann and 0. A. W. Makowka say that acetio acid and oxalic add have no 
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action, and A. Schierl said that it is decomposed by acetic and other organic 
aciM. R. BSttgcr, and II. Erdmann and 0. A. W. Makowka say that cuprous 
carbide is insoluble in aip soln. of alkali bydroxidas. Cuprous acetylide gives 
an explosive mixture of silver and silver acetylide when treated with a soln, of 
SUVffl nitrate ; and a mixture of mercury and mercurous acetylide when treated 
with a soln. of mercurous ni|^te. Cuprous carbide forms a number of complex 
salts, thus, M. Berthelot, R. Chavastelon, and K. A. Hofmann and F. Ktisport 
made cuprous chlorocarbide, CaHa.CuClj, or C 2 HCU 2 CI+HCI, or (CoHoCulCl.CuOl; 
cuprous ozychlorocatbide, C^Hj.CujOU.CujO; potassium cuprous chlorocarUde, 
C 2 H 2 (Cu 2 Cl 2 ) 2 KCl; and C 2 H 2 [(Cu 2 Cl 2 ) 2 KCl] 2 ; and M. Berthelot and M. Deldpino 
made cuprous'iodocarbide, C 2 Cu 2 . 2 CuI. M. Berthelot prepared cuprous allylenide, 
possibly CsHsCu." • 

According to A. A. Noyes and C. W. Tucker, cupric carbide, or cupric acetylide, 
CuC 2 , is formed as an intermediate product when cuprous carbide is heated with 
cupric chloride and water. J. F. Durand obtained it as a precipitate by adding 
calcium carbide to an aq. soln. of cupric chloride. F. C. Phillips made the impure 
carbide by passing acetylene into an ammoniacal soln. of cupric chloride. The 
deep red precipitate contains hydrogen and oxygen ; the pure carbide has not been 
made. The product becomes brownish-black when exposed to air; it is soluble 
in hydrochloric acid, but not if it has been long exposed to air; and when 
boiled, the soln. gives off acetylene. Cupric acetylide with a soln. of mercurous 
nitrate gives mercurous acetylide ; and with silver nitrate, silver acetylide. 

According to H. (}. Soderbaum, on passing a stream of the purified acetylene 
into an ammoniacal soln. of cither cupric sulphate or nitrate, a black, llocoulent 
precipitate is slowly produced. This substance, after being’dried over sulphuric 
acid, gave various results on analysis, a tact which was found to be* due to 
the absorption of oxygen from the air during the process of drying; in an ex¬ 
hausted desiccator, however, the substance ceased to increase in weight after two 
days, and the analysis corresponded with the formula (Ci 7 (hi 8 H 40 s)„. This copptv 
acetylide is a black, amorphous powder insoluble in water and organic solvents ; it 
explodes between 70° and 80° when heated, anil decomposes quickly on healing 
with hydrogen chloride with formation of the halogen salt of copper, and a carbon¬ 
aceous residue of the formula (C] 2 H 403 )„. On passing aoet’dene into a neutral or 
faintly acid .soln. of copper acetate, a jirecipitate is formed corresponding in com¬ 
position with the formula C 4 Cu 40 -f(Il 20 )„, and differing from the compound 
above mentioned in being stable in the air and non-explosive. It seems, therefore, 
that a large number of copper ace.tylides are capable of existence. The composition 
of the. precipitate produced by acetylene in a dil. ammoniacal soln. of cuifric sulphate 
varies with the temp, at which the prccijiitation is effected. At 5°, the compound, 
after drying over phosphorus pentoxide, has the composition Ot 4 H 2 CuisO 
=( 12 C 2 Cu-fH 20 ), and is a black powder, which explodes at 50° when'quickly 
heated, and is dissolved by potassium cyanide and dil. sulphuric and hydrochloric 
acids, a small amount of a carbonaceous residue being invariably left. At 16°, the 
acetylide contains less copper, whilst the. amount of carbon remains practically 
unaltered. The atomic ratio of carbon to copper, therefore, is at this temp, greater 
than 2 : 1 . * 

A number of copper hydrocarbides of tndefhute composition liave been reportpd. 
H. Erdmann and P. KOthner obtained what they regarded as atKupferaeeMen approxi¬ 
mating to CugCjiHu, by the action of dry acetylene on copper powder at 230° to 250°. 
F. Sabatier and J. B. Senderens say that cupreUe, C,H,, is a gaseous product under these 
conditions. H. Alexander said that the copper of H. Erdmann and P. Kbthner'e product 
is retained mechanically by a hydrocarbon; E. A. Gooch and D. F. Baldwin also afpoe 
that the product is only a hydrocarbon or hydraoarbons mixed with copper or capper oxida 

The direct action of carbon on silver has been discussed in connection with the lasle 
named element (8.22,7). 0. Ruff apd B. Bergdahl observed that carbon is slightly 
soluble in molten silver. W. Hen»pel and P., Ruckti^hel made an alloy With O'l 
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per cent, of carbon. J. L. Gay Lussac’s observation 2 that there is a three per cent, 
increase in weight when silver is heated with lampblack bas been taken as evidence 
that a silver ietritacarbide, Ag 4 C, is formed; but, as J. Percy emphasized, the sulphur 
impurities in the lampblack probably accounted for the increase in weight, and the 
evidence for the existence of this compound is of no value. The carbonaceous 
residues obtained when certain organic salts of silver are ignited have been supposed 
to contain a definite carbide because a prolonged calcination did not burn o§ all the 
carbon. 

C. F. Qerhardt and A. Cahours heated to redness in an open vessel silver cumste, and 
obtained a dull yellow earthy residue with the composition silver Aemicar^^c, AggC. Dil. 
nitric arid extracted the silver and left behind carbon. J. von Liebig and J. i^dtenbacher 
heated silver cyanide until at a certain stage there was ii^candescence, nii^rogen was evolved, 
and a dull white fused silver carbide remained. Ihey stated that when the carbide was 
heated with access of air, carbon burnt at* the surface, and a layer of silver protected the 
underlying carbide from further oxidation. When treated with nitric acid, silver dissolved 
and a network of carbon remained. No analyses wore made. J. J. Berzelius heated silver 
pyroracemate, and obtained a grey powder which acquired a metallic lustre when burnished. 
When boiled with a soln. of potassium carbonate, washed with water, and ignited in air, the 
composition corresponded with silver carbide, AgC: and in another experiment the com- 
pMition was represented by Ag 4 C 3 . H. V. Hegnault heated silver malate to 160°, when a 
slight explosion occurred, anc^ a dark grey, homogeneous, metallic mass remain^. The 
oily matters were removed by washing with a soln. of potassium hydroxide ; then with dil. 
hydrochloric acid ; and with aq. ammonia to remove silver chloride. The dark grey sub¬ 
stance so obtained, said H. V, Regnault, can be nothing else than silver carbide, and analyses 
agree with the formula AgC. Nitric acid dissolved it with the separation of black dakes of 
charcoal. 

t 

Before the nature of acetylene had been established, J. A. Quet, A. Vogel and 
C. Reisphauer, and ft. Bottger observed that an explosive compound of silver is 
formed during the action of pyrogenetic gases on an ammoniacal soln. of silver 
chloride or nitrate, as in the parallel case of cuprous carbide. The relation of the 
explosive compound to acetylene was established by M. Berthelot about 1860. The 
compound was made by M. Miasnikoff, M. Behrend, M. Berthelot, and E. Reboul by 
passing acetylene into an ammoniacal soln. of silver nitrate: C 2 H 2 + 2 Ag(NH 3 ) 2 N 03 
=C 2 Ag 2 + 2 NH 4 N 03 + 2 NH 3 . E. H. Keiser thus described the process : 

Purified acetylene wfui passed into an ammoniacal soln. of silver nitrate. The precipitate 
was washed by decantation first with water to which ammonia had been added, afterwards 
with water, and finally with alcohol and ether. The precipitate was drained on a funnel by 
means of a filter-pump and quickly transferred to a sulphuric acid desiccator and dried in 
vaouo. The desiccator should bo protected from light, and when dry the colour of the 
product is snow-white. 

R. T. Plimpton said that the precipitate from dil. soln. is pale yellow, and that 
from cbnc. soln., yellow; and G. Arth said that the precipitate {rom ammoniacal 
soln. is.at first yellow, and then becomes white. If a neutral soln. of silver nitrate 
is used, R. Chavastelon said that the precipitate first formed is a complex silver 
nitratocarbide which passes into the carbide when the action of the acetylene is 
continued. R. Kremann and H. Honel dropped a soln. of acetylene in acetone into 
a 5 per cent, alcoholic soln. of silver nifrate, and the mixture was allowed to stand 
in a well-closed vessel and shaken rapeatedly. If an aq. soln. of silver nitrate be 
used, the precipitation is not sp sharp. 

c The composition of the silver compound was represented by the formula C 2 H 2 Ag 2 , 
by M. Miasnikoff; by (C2HAg)2.Ag20, by E. Reboul, and M. Berend; by 
(C2HAg2)20, by M. Berthelot; by C2HsAg20, by R. Bloohmann, and W. Lossen; 
by C2Ag2.nH20, by R. T. Plimpton ; and by C 2 Ag^by E. H. Keiser, R. Chavastelon, 
F. Bran^tfitter, L. Knorr and H. Mathes, and M. Berthelot and M. DeMpine. Silver 
carbide is a snow-white amorphous ponder. M. Berthelot and M. OeMpine found 
the heat of formation to be C2H25oin.-l-2Ag(NH8)2N03,iii,.=C2Ag2-l-2NH4N08ffltii. 
'•f2NH3»i„,-f-16'65 Cal?.; or C2H2-)-Ag20=C,Ag8-f-H20-f 22'25 Cals, with gaseous 
acetylene and water, and 32'96 Cals, with acetylene in soln. and liquid water. Hence, 
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with diamond earlmn ; 2C+2Ag= Cak. The oxidosivcncaa of silver 

carbide is thus coimecti'd with its eiidothermal formation. The carbide readily 
explodes when dry, and R. Blochmann found it to be as explosive as cuprous carbide; 
that it decomposes in contact with hydrochloric acid, forming acetylene and silver 
chloride ; and it gradually becomes grey when exposed to light. ('. W. B. Normand 
and A. C. Cumming fouml that about 2 gram-atoms of iodine are consuini'd per 
pam-atom of silver, and silver imlide, etc., are formed. The reaction has 

been studied by M. Bcrend, and A. Biiyer. G. Artli found that it dissolves in an aq. 
soln. of potassium cyanide with the evolution of acetylene. ,T. F. Durand obtained 
explosive silver nitratocarbide, Ag/'j.AgNOj, by adiiing calcium carbide to silver 
nitrate soil!.* Mercurous acetylide precipitates silver acetylide from aq, soln. of 
silver nitrate. Silver acetylide has no action on aq. soln. of cnjiric, mercurous, or 
merduric nitrates. 

Silver carbide forms complexes with other silver salts, e.g. ,T. A. Nieuwland and 
J. A. Maguire prepared silver fluocarbide ; M. Berthelot, and C. Willgerodt, sUvet 
chlorocarbide, CjAga.AgCl, and 20j,Ag2.AgGl; M, Berthelot, silver iodocarbide, 
Ag2C2.2AgI; J. A. Nieuwland aiul J. A. Maguire, silver perchloratocubide ; ami 
silver bromatocarbide ; M. Berthelot, and R. T. Plimpton, silver snlphatocarbide. 
2 Ag 2 C' 2 .Ag 2 S 04 ; G. Arth, R. Ghavasteion, A, Vogel and ('. Reischauer, E. If. Reiser, 
and R, T. Plimpton, silver nitratocarbide, Ag.,(' 2 .AgN 03 : (,'. Willgerodt, silver 
nitratohydrocarbide, AgHC^ AgNOj; R. Cavastclon and R. T. Plimpton, silver 
dinitratocarbide, Ag 202 , 2 AgN 03 ; J. A. Nieuwland and J. A. Maguire, silver phos- 
pbatocarbide ; A, K. Edwards and W. R. Hodgkinson, silver chromatocarbide, 
C 2 Ag 2 .AgCr 04 .H. 20 . 0. Liebcrmann made silver a^lenide, GjlIjAg. 

The direct action of carbon on gold has been iliscussed in connection with that 
metal (3. 23,6). 0. Ruff and B. Bergdahl ^ observed the slighf solubility of carbon in 
gold. W. Hcmpel and P, Rucktaschel prejiared an alloy with 0'3l per cent, of carbon. 
R. Bdttger obtained an explosive comimund by the. action of jiyrogeuetic gases on 
soln, of auric chloride. F. C. Phillips said that auric chloride soln. are reduced to gold 
by acetylene, but, added J. A, Mathews and L. L. Watters, no jirecipitate is jiroduced 
if the soln. be made alkaline with potassium hydroxide ; nor does any precipitation 
occur with soln. of potassium cyanoaurate. According to M, Berthelot, if aoetydeno 
be passed through a soln, of aurous thiosulphate, a yellow explosive compound is 
formed ; and J, A, Mathews and L. L. Watters found that the product obtained by 
passing acetylene into a soln. of sod'um aurous thiosulphate is anrolU carbide, 
AujC.^. Aurous carbide forms yellow flakes which are highly explosive by percussion, 
brushing with a camel’s-hair brush, or by rapid heating. If heated very slowly, 
it can be decomiiosed without expln-sion. Aurous carbide is decomposed by hydro¬ 
chloric acid, giving off acetylene, and leaving a black residue of auroui^chloride. 
Cold water has no action, but when boiled with water, aurous carbide is dfcoomposed 
into its constituents without forming acetylene. Soln. of cuprous sulphate and 
neutral ferric chloride do not decompose it in the cold, but if boiled, decofnposition 
without explosion occurs. 
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§ 16. The Carbides ol the Alkaline Earths 

After E. Davy 1 had prepared his carburet of potassium, R.' Hare, in 1839, 
experimented on the preparation of calcium by heating an organic salt of calcium 
— e.g. calcium acetate—or a mixture of calcium oxide and sugar charcoal; he 
found that when mercuric cyanide is heated with hme, a black mass containing 
carbon is produced. When these mixtures were heated in the electric arc, there 
was formed a grey mass oontaiiung some free carbon, whicli oxidized in air, and when 
treated with water gave a gas with an unpleasant smell. The product must have been 
an impure calcium or mercury tarhide. H. Debray and H. St. C. Deville also seem 
to iave prepared a similar product by melting lime and coal in the oxy-hydro^en 
furnace. In 1862, F. WShler prepared what he called KohlenstgffcaMum by heating 
y "I' y »£ cajeium and zinc with carbon, and he'identified the gas which was evolved 
onl' t ^ ^ T ^ 1®®® f'l*® eleotrio firnace the oxides, not 

and n^.^etals, but also those of calcium, magnesium, aluminium, silicon, 

J tte prwgsence of carbon can he reduced to form carbides. W. Botchers 

®,®9®lnded tha”^ “ ®11 the oxides are capable of being reduced by carbon heated 
7 eotnoity, ” gn j ithough he does not mention calcium carbide, yet, after the com- 
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mercial importance of this carbide had been established, he claimed that he had 
obtained calcinm carbide, CaC 2 , but drew no attention to it since he was seeking for 
the metals. This claim for priority has no bearing on the history of our knowle<lge 
of calcium carbide. L. K. Boehm said that he had made calcium carbide in 1891, 
by heating carbon and the alkaline earth by means of an electric current. It is 
evident from all this that calcium carbide had been made in electric furnaces more 
or less as an accidental proddot, but it was then of no commercial importance. 

T. L. Willson first made calcium carbide and grasped the importance of this 
compound as a means of preparing acetylene so as to bring it within the range of 
commercial utility. The general history of calcium carbide has been described by 
D. Korda, F. Taedbetanz, V. B. Lewes, ,1. H. Vogel. R. Pitival, etc. Early in 1892, 

T. L. Willson attempted to reduce magnesium and calcium oxides to the metallic 
state‘in the electric furnace, in order to utilize these metals in the reduction of 
alumina. 

In attempting to reduce lime by carbon, ho obtained a fuaed batli which caused a sliort* 
circuiting of the current, and to prevent wlih-h he added a layer of carbon which prevenled 
the splashing of the bubbling liquid against the sides of the electrodes. He produced in 
this way calcium carbide as a hard crystalline mass which disintegrated and cruinhle<l on 
exposure to the air, and gave rise to a violent evolution of gas when brought in contact 
with water. The gas burnt with a very smoky flame. 

The publication by A. C. Frazer of the correspondence witli Lord Kelvin, and a 
report by F. P. Venable show that the carbide was made by electric smelting about 
the middle of 1892, but the issue of a patent in Feb. 21st, 1893, was the first pubSo 
announcement of this work. Meanwhile, L. Maquenm^ stutjied the observations 
of C. Winkler (i) on the reduction of the alkaline earth carbonate by magnesium, 
CaC 03 -h 3 Mg^ 3 Mg 0 +C+Ca, and (ii) the residue when treated with Water gave off 
hydrogen with a disagreeable smell. L. Maquenn^ prepared barium carbide by the 
action of magnesium on a mixture of barium carbonate and retort carbon : BaOOjj 
-l-3Mg-f C~ BaOa-f 3MgO; and stated that the reaction is successful only with barium 
carbonate; for the others, particularly calcium carbonate, are only partially attacked, 
and give on treatment with water a mixture of hydrogen and a little acetylene. 

At the end of 1892, H. Moissan published an account of tiie. formation in the electric 
furnace of a fusible calcium carbide. He saul: 

If the temp, reaches 3000®, calcium oxide is rapidly reduced by carbon, and the met*l 
is sot free in large quantities j it combines readily with the carbon of the electroiles, tanning , 
a calcium carbide which is liquid at a red heat, and so is easily collected. 

a 

Later, he added that at the high temp, of the electric furnace, oidy.^ single 
compound of cari)on and calcium can exist; this compound is crystalline, and its 
analysis corresponds with CaCj. L. M. Bul- 
lier applied for a patent for the prepara¬ 
tion of the carbides of the alkaline earths 
based on H. Moissan’s researches. H. Mois- . 

Ban’s experiments were made in an arc Rdw rndterml 
furnace resembling Figs. 4 and 5. H.Mois- 
Ban thus describes the preparation of the 
carbide; ^ ° 

An intimate mixture of 120 grms. of cal- Fio. 21.—Calcium Carbide Furnace 
cium oxide made from mwble and 70 gniia. of (Diagrammatic), 

sugar charcoal is heated in the crucible of the 

electric arc furnace. A slight excess of lime is purposely allowed since the crucible snppliae 
some of the carbon required for the carbide jaf an cxccas of lime is used, calcium is the 
chief product. Calcium carbonate can bo substituted for the lime, but not with'advantage, 
because of the large vol. of the substance employed. The yield is 120-180 grms. A lime* 
containing magnesia yields carbide only with difficulty because magnesium carbide is not 
readily made, and the magnesia then retards the fusion. 
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E. Botolfsen has studied the direct combination of carbon and calcium. No 
combination could be detected by heating the two elements in vacuo at 700°— 
i.e. below the m.p. of the metal—during 50 hrs. Carbide was formed when fused 
calcium was heated in contact with carbon, but, owing to the distillation of 
the calcium, only traces were produced. If heated to 850° in an atm. of argon 
at normal press., no increase in the yield of carbide was observed. If, however, 
carbon be heated with an excess of calcium to 850°-870° in contact with 
calcium vapour, only 17 per cent, of the carbon remains unoombined; and 
at 925°-97.5°, all the carbon had combined in 45 hrs. No trace of a calcium 
siihcarhide was observed. H. Moissan made calcium carbide by the action of 
calcium-ammonium on acetylene. L. Hackspill and E. Botolfsen foUlid the product 
is impure. 

The electric current, said F. Kriiger, plays no part in the production of 
calcium carbide other than as a means of obtaining a high temp. H. Moissan 
found the carbide is decomposed if the temp, be too high. H. J. Krause and 
•L Y. Yee said that the reduction of the calcium oxide and the evolution 
of carbon monoxide begins at about 1200°. V. Rothmund said that the reaction 
begins at 1620° when the partial press, of the carbon monoxide is one-fifth 
(M. de K. Thompson says that this should be one-third) of an atm.; at temp, below 
1620° in the presence of carbon monoxide, some carbide is decomposed. The temp, 
of formation may be reduced by decreasing the partial press, of the carbon mon¬ 
oxide. C. Diesler said that good yields can be obtained at 1600° by working at high 
press. E. Rudolfi gave 1800°-1819° for the temp, of formation with the partial 
jlress. of carbon monoxide one-fifth of an atm. A. Lampen said that below 1700° 
he could detect no carbide formation with certainty; at 1725°, there were traces 
of carbide formed ; and at 1800°, the mass fused and much acetylene was evolved 
when the product was treated with water. W. Borchers said that “ the reactions 
taking place in the production of calcium carbide are CaO-i-C'=Ca-)-CO, and 
Ca-|-2C=CaC2. The second reaction was discovered by F. Wohler.” The carbons 
arc corroded badly about 6 ins. below the surface of the mixture when the 
carbons were immersed about a foot in the mixture. G. Gin suggests that free 
oxygen is found in the gases produced in the hottest portions of a calcium carbide 
furnace, whilst calcium vap. is found in cooler portions of the. furnace. It was 
suggested that these substances may be formed by the reactions 2CaO -|- 4C=2CaC2 -)- O 2 
and Ca€2-l-2CaO=3Ca-(-2CO, the temp. in the hottest zones of the furnace being 
higher than the dissociation temp, of carbon monoxide. According to C. Bingham, 

‘ the corrosion of the carbons has been attributed to the action of air on the carbons 
owing ^to the latter being raised to a high temp, by the heat (i) produced by the 
combu^tiop of carbon monoxide on the surface of the charge; (ii) produced by 
ohmic resistance ; and (iii) carried by conduction from the hot zone by the carbons 
themselves. R. 8. Hutton and J. E. Petavel showed that if t£e carbon is com¬ 
pletely burned in the raw material, and the furnace made completely gas-tight so 
that no air can enter, there is very little consumption of carhon. The subject has 
also been discussed by 0. Ruff and 0. Geocke; and the power consumption by 
H. Furusaki. J. I^eede recommended making the charge by coking a mixture of 
lime with a hydrocarbon—pitch, asphaltum, etc. H. L. Hartenstein, and L. Landin 
used a similar process, and jlso recommended adding a little calcium chloride or 
fluoride to make the product more fusible. T. L. Willson previously said that he 
obtained “ the best results by infusing the lime in tar, and then subjecting the mixture 
to the electric arc.” One type of furnace employed on a large scale is illustrate 
dianammatically by Fig. 20. The general manufacture has been described by 
J. Baumann, J. H. Reid, F. L. Slocum, F. E. Norton, 0. Ruff and B. Forster, 
C. Binghgm, V. B. Lewes, J. H. VogW, F. Liedbetanz, B. Waeser, P. Schlftpfer, 

, P. Wangemann, etc. J. H. Reid degasified a mixture of pulverized calcium 
carlranate and coal, and passed it on, while still hot, to an electric furnace, where 
it yielded calcium carbide and carbon monoiide. If required, the carbide was run 
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into water, and the gaseous prwlucts passed through the furnace cliamher so as to 
collect hydrocarbons like methane, ethylacetylene, methylallcue, etc. 

A great many varieties of furnace and a great many modifications in the details 
of manufacture have been proposed. Many of these proposals are still-born— 
e.g. R. P. Pictet heated the mixture in a shaft furnace by a ring of tuyhres 
burning water-gas mixed with air, and below that, the mixture was heated in the 
electric arc at 3000°; the’resulting calcium carbide flowed to the bottom of 
the furnace. F. Sebald added a little lead or tin to make the furnace charge 
conduct better. 


Instead oCusing calcium oxide or cariranate, K. Jacobsen, and 0. M. J. Urnb ui»d a 
mixture of calcium sulphate or sulphide and carbon ; R. C. Baker used calcium borate or 
pandermite and dbtained calcium carbide and boride ; and H. Hilliert and A. Frank used 
oalcium phosphate; Cas(PO,),-t-14C-.u3C'aC5-l-21H»CO. M. W. Travers prepared 
calcium carbide without electric heating by melting sodium with an intimate mixture of 
calcium chloride and retort carbon in an iron iTucible for half an hour; and P. Wolff in¬ 
flamed a mixture of calcium oxide, carbon, and aluminium us in the thermite jirocoas. 

The product obtained in the earlier stages of the industry was very impure until it 
was recognized that special care must be taken in the choiceof raw materials. The lime 
may contain silicates, phosphates, and sulphates, ami the.se may appear in the carbide 
as silicides, sulphides, and phosphides, which arc decomposable by water, yielding 
acetylene contaminated with hydrogen, hydrogen sulphide and phosphide. Nitrides, 
which contaminate the gas with ammonia, may also be formed. The impurities in 
the carbide have been discussed by C. Willgerodt,'^ J. de Brf'vans, E. Hubou, H. Oiragd, 
N. Caro, F. B. Ahrens, L. M. Bullier and M. Perrodil, E. Chuard, A. Bergd and 
A. Reychler, etc. Commercial calcium carbide contains as accessory constituents 
some cyanamide, unconverted carbon, crystallized alumina (corundum), and 
calcium oxide. J. H. Vogel gave analyses of some of the earlier commercial 
carbides. The following are selected from his list: 
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Some of the more recent products have over 95 per cent. CaCj. Silicon is present 
as calcium or iron siheide (H. le Chatelier, F. Wohler, H. Moissan, F. B. Ahrens, 
0. Hackl); silicon (R. S. Marsden); silica crystals (H. Moissan); carborundum 
(H. Moissan); and ferrosilicon— vide iron; nulphur, as calcium or aluminium ' 
sulphide (H. Moissan, G. Dollner and B. Jacobsen, A. Mourlot); irouf as silicide, 
phosphide, or carbosilicide or ferrosilicon (H. Moissan, G. Hanekop); phosphorus, 
as calcium or ir#n phosphide (H. Moissan, A. P. Lidoff); calcium, as (roe oxide, sul¬ 
phide, phosphide, etc. (J. H. Vogel); aluminium, as sulphide; arsenic (J. H .Vogel); 
cyanides and nitrides (A. Rossel, L. Franck, H. Bamberger, N. Caro); and carjon 
is found as graphite. H. Giraud reported minute crystals in the insoluble 
residue remaining after the carbide had been treated with water, but H. Moissan 
could find no diamonds. -Several methods have beei) proposed—by H. L. Harten- 
stein,® C. J. Lundstrom, J. von Orlowsky, W. iBathenau, E. Ztthl and R. Eisemann, 
etc.—for eliminating impurities as slags. 

K. Nischk* studied the formation of the carbides of calcium, strontium, snd 
barium. In 1892, L. Maquenn4 made an impure barium ct&bide, BaC^, by fusing 
together barium carbonate (26 grms.), powdered magnesium (10'6 grms.), and retort 
carbon (4 grms.), when an intense reaction occurred, BaC0.,-f 3Mg-|-C=3MgO-l-B8Cj. 
The mixture of magnesia and barium carbide gave acetylene when treated with 
water. He also made it by heating bariuifi amalgam with powdered carbon in an 
atm. of hydrogen; the reaction begins at a red heat. He also made the carbide 
by heating barium nitride with carbon. H. Moissan, and L. M- Bullier made barium 
carbide by heating a mixture of su^af charcoal and barium oxide or carbonate in an 
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electric arc furnace, H. Moissan made strontiam carbide, SrCj, in a similar manner. 
C. M. J. Limb made barium carbonate by heating native barium manganate, 
i.e. psilomeiane, at a high temp, with carbon. 

H. Moissan established the composition of the three alkaline earth carbides by analysis. 
Arguments ^ as to whether calcium carbide is or is not a fine chemical are futile until the 
disputants have agreed as to the definition of a fine chemical. Similarly, it is a waste of 
time to discuss whether calcium carbide is or is not an organic compoimd until it is decided 
what is an organic compound, E.g. if organic chemistry be the chemistry of carbon com¬ 
pounds, then the carbonates, carbides, cancrinite (silicate), cast iron, etc., would belong to 
that department of chemistry. When the definition is settled, there wiU probably be no 
need for argument. Without sharp-cut definitions the opponents in this t 3 rp 0 of disputation 
cross rapiers without touching one another. Each fights his own shadow. 

The properties of calcium, strontium, and barium carbides.— The prevailing 
colours of commercial calcium carbide arc black, reddish-black, or reddish-brown, 
and less commonly yellowish-red or brown. These colours are attributed by 
H. Moissan ® to the presence of iron. E. Wedekind, and H. Moissan said that a mere 
trace suffices to produce both the coloration and a lustrous iridescent sheen. There 
may be a bluish or purplish iridescence on the surface. The carbide with streaks of 
a darker colour than the remaining mass owes its colour to the overheating of the 
furnace which has caused the separation of amorphous carbon, and volatilization of 
calcium. According to H. Moissan, and E. Botolfscn, if quite free from iron, calcium 
carbide is white, and as transparent as sodium chloride. The mass cleaves readily 
and has a crystalline fracture. The carbide which has been cooled slowly is coarsely 
crystalline ; and that which has quickly chilled has a steel-like fracture, with a 
fine, almost invisible, grain. The crystals do not belong to the cubic system. Accord¬ 
ing to C.*H. Warren, the cleavages are cubic, being nearly equal and parallel to three 
directions at right angles to one another. The fresh cleavage surfaces may show 
striations, which indicate that the crystals are built up from a series of thin plates. 
The thin sections in transmitted light may appear colourless, greenish-yellow, 
purplish-red, or lilac-yellow. There is a slight pleoohroism. The complex polysyn- 
thetio twinning is parallel to the diagonals approximately at 45° to the pinacoids. 
The dodecahedral twinning appears to be mimetic, so that, geometrically, the crystals 
arc pseudo-cubic. Thp double refraction, rectangular cleavage, and parallel extinc¬ 
tion correspond with either the tetragonal or rhombic system—probably the latter. 
The index ol refraction exceeds 1 75 ; and the doable refraction is strong, being 
nearly 6'060. The optical extinction is generally parallel to the rectangular cleav¬ 
ages, but with a yellowish carbide, the extinction may bo inclined 12° to 24° with the 
rectangular'cleavages. The interference figures resemble the so-called uniaxial 
figures., .According to H. Moissan, the specific gravity of calcium carbide is 2'22 at 
18° ; that ol strontium carbide, 3'19 ; and that of barium carbide, 3'75. H. Moissan 
said that platinum may be melted in contact with the solid carbide. H. M. Kahn 
found barium carbide fused at a lower temp, than the other alkaline earth carbides. 
As indicated above, there is evidence that the carbide decomposes at a high temp., 
but no change occurs at the temp, of molten platinum. E. Botolfaen found that 
calcium carbide dissociated when heated to 1060° for 3 his., and a deposit of finely 
divided metallic calcium was obtained; the carbon united with the iron containing 
vessel, forming iron tritacarbids. M. de K. Thompson said that the decomposition 
of'calcium carbide inVi its elements is appreciable a little above 1476°. E. Tiede 
and E. Birnbrauet gave 800° for the dissociation tomperatnre. V. Ehrlich, 
and G. Briwein and co-workeis concluded that calcium carbide, when heated, 
dissociates into calcium tuboarbide, CaC, and carbon: B. Brinet and A. Kurhne 
found no evidence of a subcarbide, and concluded that the carbide dissociates into 
its elements; 6. Bredig could identity neither a subcarbide nor calcium as a 
product of the decomposition; E. Botolfscn identified volatilised calcium; 0. Rnfi 
and E. F$rster obtained no evidence of {he existence of a suboarbide; and 
H. J. Erase and J. Y. Yee showed that above,1100°, there is an appreciable vap. 
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preas. of cateium, and that assuming the reaction is C!aCj?=H;a+ 2 U, they found 
data in agreement with 

won* uoo* woo* laou" 

0 liberated . . . O'OO 3'68 1-12 22'32 

G. Gin and M: Lelouz observed a similar decomposition of the other alkaline 
earth carbides. The decomposition of barium carbide occurs at a lower temp, than 
the volatilisation temp, of ‘carbon. The carbides themselves are non-volatile. 
The spedflc heat has not been determine^d, but B. Carlson calculated from the 
additive rule: 

0” 1000” 1500” axio” 2500” OIHXI” 3500” 

8p. ht. . t)-247 0-271 0-296 0-326 0-344 0-363 0 381 

Mol. ht. . 16-02 18-36 19-68 20-80 22 02 23-24 24-42 

0. Ruff and E. Forster gave 2300^ for the melting point of calcium carbide, 
and they found that, owing to the dissociation CaC 2 ^Cavj,,„,irthe 
vapour pressure, p mm., in an atm. of the calcium vapour is 

202.5” 2200” 225.5” -2325” 2105“ 2425“ -2160' 2500" 

p . 12 26 128 228 641 631 766 780 

so that the dissoc. pre-ss. of calcium carbide is 760 mm. at 2500" ±50°, and 1 mm. 
at 1825° ± 50°. A. Guntz and H. Basset gave for the heat ol formation from 
diamond carbon and sobd calcium : Ca-|-2C=CaC2-|-13-16 Cals. R. de Pororand 
gave —7-25 Cals., and with amorphous carbon —0-65 Cal. for calcium carbide, and 
—7 -25 Cals, and —0-65 Cal. respectively for barium carbide. For the heat of for¬ 
mation of the latter from its gaseous elements he gave 76 65 Cals. 0. Ruff and 
E. Forster gave CaO-|-Ci=iCa-j-CO—120 Cals., Ca-|-2CT=iCaC2+13-16 Cals.; 
CaO+3Cv=iCaC2-fCO-97 Cals.; and 2CaO+CaC2^3Ca-|-2CO+143 Cals. The 
temp, of formation has been already discussed. According to G. Hanckop, the 
electrical conductivity of the molten carbide is from ^Lth to ji^th of that of 
mercury, and that of the solid carbide is still smaller. 

Neither F. P. Venable and T. Clarke, nor H. Moissan observed any reaction 
between dry hydrogen on cold, or on heated, calcium carbide; and they found tnat 
dry oxygen reacts with the heated carbide at a dull red heat with incandescence, 
forming calcium carbonate and carbon dioxide ; but 0. Ruff'and E. Forster found 
that an appreciable, quantity of acetylene, CaC.^ -|-H 2 V=^Ca -I-C 2 H 2 , is formed at 2200 °. 
Calcium carbide disintegrates and crumbles on exposure to ordinary air, but not to 
dried air ; hence it is preserved by immersion in oil-say kerosine—or in air-tight > 
tins. Like sodium and potassium, it gives rise to a violent evolution pf gas when 
in contact with water. H. Moissan showed that if a fragment of this carbide bo 
passed into a eudiometer tube fflled with mercury, and then a few cubic centimeters 
of water introdueed, a violent evolution of gas is produced, which only ceases when 
all the carbide is decomposed, calcium hydroxide remaining suspended in the liquid. 
The gas evolved is pure acetylene, completely absorbed by ammoniacal cuprous 
chloride, and leaving an almost imperceptible trace of impurity at the top of the 
tube. This decomposition by water takes -place with evolution of heat, but with¬ 
out ever reaching the poiht of incandescence. It is nevertheless as vigorous as 
the reaction between sodium and water. Froth the weight of the carbide taken in 
the experiment and the vol. of the gas produced? the reaction appears to .be 
reprinted by CaC 2 -|- 2 HjO=CjH 2 -t-Ca(OH) 3 . 0. Buff and-^l. Forster found that 
at 250° water vapour forms acetylene and calcium oxide, but at dull redness, 
calcium oxide, carbon, and hydrogen': CaC 2 - 4 "H 20 ^Ca 0 -l- 2 C-f-H 2 . 

C. H. Warren thus describes the slow decomposition of the carbide by water as it appears ■ 
under the microscope using thin rectangular cMlvage fragments, immersed in a mbeture of 
glycerol and water so that the decomposition may be slow enough to prevent effervescence.^ 
With croa^ nieols, the margins of the grains appear gradually to lose their strong inter-° 
ference coiours, a^ a rim of feebly ,hirefringent material tngins to develop. Tba 
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corners change more quickly than the sides, so that the unchanged carbide assumeei a circular 
or elliptical outline which constantlj^ diminishes in size until the entire grain has changed 
to feebly refracting calcium hydroxide. During this change, the structural appearance 
of the grain does not alter, and the cleavage cracks and twitming lines remain. If enough 
water is present, the calcium hydroxide may finally dissolve. The change seems to involve 
the passage of one crystalline substance into another without immediately breaking down 
the essential crystal structure, so that OH-groups take the place of the carbon atoms. This 
phenomenon recalls the preservation of the crystalline structure of some zeolites during 
dehydration. • 

According to H. Moissan, at room temp, the alkaline earth carbide takes fire 
in fluorine gas, forming calcium and carbon fluorides. F. P. Venable and T. Clarke 
found that calcium carbide is not attacked by chlorine in the cold, bqf; at 245°, the 
carbide becomes incandescent, forming calcium and carbon chlorides. A. Frank 
stated that when calcium, barium, and strontium carbides are heated in a stream 
of chlorine, graphite carbon separates out?, but the yield is much less than the theo¬ 
retical. According to H. Moissan, and F. P. Venable and T. Clarke, bromine reacts at 
350°, and iodine decomposes the carbide at 305°, with incandescence. H. Moissan 
compared the temp, of incandescence of the three alkaline earth carbides with the 
dried halogens. 



Chlorine 

Bromine 

Iodine 

Calcium carbide. 

. 246’’ 

360® 

306® 

Strontium carbide 

. 197® 

174® 

182® 

Barium carbide 

. 140® 

130® 

122° 


B. Barnes found liquid bromine acts slowly on calcium carbide at ordinary 
temp., forming carbon hexabromide and calcium bromide, but dry chlorine had 
no* action at ordinary temp, on two months’ exposure. In a sealed tube at 100°, 
bromine and calcium, carbide form carbon and calcium bromide. According to 
H. MoisSin, barium carbide combines with iodine at a lower temp, than that at 
which it is attacked by chlorine or bromine ; this is the reverse of what occurs with 
calcium carbide. H. Moissan showed that with dil. or cone, acids, the alkaline earth 
carbides decompose with the evolution of acetylene; the carbides become incan¬ 
descent when warmed in hydrogen chloride, and much hydrogen is formed. Calcium 
and. strontium carbides become incandescent in sulphur vap. at about 500°, barium 
carbide at 150°, and the alkaline earth sulphide and disulphide are formed. Similar 
results were obtained ,with selenium vap. Fuming sulphuric acid slowly attacks 
the alkaline earth carbides. Fused calcium carbide dissolves carbon and gives it 
up as graphite on cooling; H. M. Kahn’s observations have been indicated in 
connection with carbon, and he obtained similar results with the other carbides of 
the alkaline earths. A. Frank found that when calcium, strontium, or barium 
carbide js heated in a current of carbon monoxide or dioxide, carbon separates 
in the. form of graphite: CaC2-|-COT^CaO-l-3C; the reaction is reversible 
and progresses from right to left above 1600°, and at lower teinp. it goes from 
left to right. 0. RuS and E. Forster represented the reaction at about 1700°, 
CaCj-|-CO-»CaO-|-3C. V. Rothmund, and C. A. Hansen also studied this reaction. 
M. de K. Thompson found the partial press, of carbon monoxide in the reversible 
reaction; CaO-t-SC^^CaCj-l-CO, at 1445° and 1475°—below 1445° the partial 
press, is too small to measure conveniently, and above 1475° the carbide dis¬ 
sociates CaC2v=*Ca-t-2C. The partiak press, at 1445° is 0 44 mm. and at 1475°, 
0'82±0-02 mm. From the equation log (ptlpi)=Q{Ti~^—T£'^), at room temp., 
Q=121,000, and the negative temp, coeff. of 3'3 cals, per degree gives for 9° 
above the room temp., Q—121,000—3’3d; at 1460°, Q=116,000 Cals. The heat- 
change is negative in passing from left to right of the given equation. The free 
energy of the reaction at 1475° is-|-23,700 cals., and it decreases as the temp, rises 
to 1920°; above that temp, there is, an increase. Assuming the mean values of 
Q, the equilibrium press., p, of the tarbon monoxide calculated for different 
fomp. is 

1474* 1574” 1676“ 1776” 1876” 1976” 

a . . 0 08 0-80 2-63 ■■ 10-7 lO S 133 0 mm. 
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The results are graphed in Pig. 22. H. Moissan found that when a mixture of calcium 
carbide and alcohol is heats^ in a sealed tube, calcium ethoxide and acetylene 
are formed : CaC 2 + 2 C 2 H 50 H=(C 2 H 50 ) 2 Ca+CjHj. He also said that the 
carbide is insoluble in the reagents—carbon distdphidc, petroleom, or bCDlcne. 

P. Lefebure found the primary reaction of calcium carbide on amyl oblwidc is; 
2 CsHjjCl+CaC 2 -^C 2 H 2 + 2 C 5 HiQ-t-CaCl 2 , but a complex 
series of changes follows on., D. Sandmann found that , 
potassium thiocyanate reacted with calcium carbide: 
CaC2+5KSCy=:CaS5-|-5KCy+2C. H. Moissan detected 
no signs of a reaction between the alkaline earth car- io 
bides and silicon or boron at a white heat; silica yields 
sihcon carbide. H. C. Geemuyden found that boron 
trioxide is reduced by calcium carbide in an electric ^ 
furnace, and calcium boride is formed. 

H. Moissan observed no reaction between the alkaline 
earth carbides and nitrogen at 1200°, but A. Frank, and 
N. Caro showed that at 700°-800°, dry nitrogen changes 
barium carbide into barium cyanide and cyanamide in 
the proportions 30:70; the reactions are represented: CaOf 3 Cr=^'aC, | €0. 
BaC 2 +N 2 =Ba(CN) 2 ; and Ba(CN) 2 =BaN 2 C+C. The 

reaction is utilized in the preparation of cyanides. Calcium carbide forms the 
cyanamide at 1100°-1200°, and when the resulting calcium cyanamide, CaN 2 C, is 
fused with alkali salts, in the presence of carbon, alkali cyanide is formed. 
According to N. Caro, at atm. press., the reaction CaC 2 -|-N 2 =C+CaN 2 C, is r»- 
versed at about 1360°, but if free lime is present, the reversal occurs at a lower 
temp. Thus, M. le Blanc and M. Eschmann found that with a 75 per cent, .calcium 
carbide, the reversal occurs at 1150°. 0. Rufi and K. Forster investigated the 
reaction between nitrogen and calcium cyanamide. The cyanamide formed above 
1100° begins to decompose at 1200°. A. Remele and B. Rassow studied the nature 
of the carbon formed in this reaction. M. de K. Thompson and R. H. Lombard, 

V. Ehrlich, and H. J. Erase and ,1. Y. Ycc, studied the equilibrium conditions 
with different press, of nitrogen; there is a disturbance owing to the volatiliia- 
tion of the cyanamide at 10,50°. Owing to the reversibility of the reaction, 
nitrogen is not taken up by fused calcium carbide as it leaves the furnace 
since the cyanamide cannot exist at the temp, of the fused carbide. As the 
carbide cools, it becomes impermeable to gases, and absor]>tion occurs only on a 
thin surface film. H. Moissan passed acetylene into a soln. of calcium in liquid' < 
ammonia, and obtained calcium tetrammino-acetylenecarbide, CaCVt'eHj.'lNHa. 
E. Botolfsen also prepared the same compound, and found that when hcfited to 
150°, or even to 700°, the solid residue contains calcium carbide, hydride, cyanide, 
nitride, and cytinaraide. R. Salvadori found that at about 650°, calcium 
carbide and ammonia begin to react according to the equation CaC 2 -|-^NH 8 
=CaCN24-NH4CN-f-4H2. The reaction takes place in two stages, in the first of 
which the calcium carbide and the nitrogen formed by the decomposition of the 
ammonia interact forming calcium cyangmide: CaG2+N2=GaCN2-)-0. The 
carbon thus liberated then acts on the ammjnia, giving ammonium cyanide and 
hydrogen; he also found that the reaction with ammonium chloride and the 
formation of cyanides or cyanamides (j.d.) by the faction of the carbides with 
nitrogen, is, as stated by F. Fichter and C. Scholly, confincd'to the carbides of the 
alkalies or alkaline earths. According to H. Moissan, fuming nitric acid does not 
react in the cold with the alkaline earth carbides, and when heat^ the reaction is 
slow. H. Moissan found that phosphorus vap. converts the alkaline earth carbides 
into the phosphides without incandescence a with arsenic vap. there is a consider¬ 
able evolution of heat as the alkaline earth carbide is converted into thfc arsenide. 
A. Frank showed that some graphite is formed, but less than the theoretical amouptf 
when the carbides of the alkaline earths are heated in a current of phosphorus or 
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anemc vap. H. Moksan found that at a red-heat, antimony and calcium carbide 
give an alloy of antimony and calcium. 

H. Moissan stated that calcium carbide is not decomposed by sodium or magne- 
Siam at the softening temp, of glass; there is no reaction with iron at a red heat, 
but at a higher temp., a carburetted alloy of calcium and iron is formed; tin has 
no perceptible action at a red heat; and aluminium forms a carbide. A, Rossel 
found that when calcium carbide mixed with powdered magnesium, zinc, aluminium, 
iron, or copper, is heated in air, a flame appears, and a nitride is formed, 
CaC2-t-3Mg-)-2N-l-60=Ca0-j-Mg8N2-l-2C02. P. P. Venable and T. Clarke noted 
that soln. of alkali hydroxides give acetylene with calcium carbide. 0. Ruff and 
E. Forster gave for the fusibility of mixtures of calcium carbide, and calcium 
oxide, 

CaO ... 4 U . 26 29 36 ’ 42 per Cent. 

m.p. . . . 2200° 2000° 1715° 1646° 1715° 1816* 

which yields a V-shaped curve with a simple eutectic at 1640’ and 30 per cent. CaO. 
H. Moissan noted the energetic reducing action of calcium carbide on metal oxides. 
The metal may separate as in the case of lead, tin, and bismuth, or the metal may com¬ 
bine with other substances present, thus, the oxides of barium, strontium, aluminium, 
chromium, molybdenum, manganese, tungsten, and titanium furnish the carbides 
of these metals. H. N. Warren said that the oxides of tin, copper, lead, manganese, 
iron, nickel, cobalt, chromium, molybdenum, and tungsten give alloys with calcium. 
According to J. N. Pring, lead oxide dropped into molten calcium carbide reacts 
violently, some lead is volatiUzed and an alloy of lead and calcium is formed. 

Tarugi found that the reaction with cupric oxide begins at 432°, but is completed 
near 1408°. B. Neumann, and F. von Kiigelgen added a chloride to the mixture of 
calcium‘carbide and metal oxide. The former argued in favour of the reaction, 
2 M 20 -(- 2 MCl-|-CaC 2 = 6 M-l-CaCl 2 + 2 C 0 ; and the latter, 4 M 20 + 2 MCl-t-CaC 2 
= 10 M-|-CaC 1 . 2 -t- 2 C 02 . B. Wedding did not see any application of calcium carbide 
as a deoxidizing and carburetting agent in the cast-iron industry. L. M. Bullier, 
0. FrShlich, B. Neumann, and H. C. Geemuyden recommended reducing the 
cbkjrides of copper, silver, manganese, cobalt, zinc, nickel, lead, etc., with 
calcium carbide accompanied by an alkali chloride, calcium fluoride, or water- 
glass as a flux. The carbonates behave like the oxides; the sulphates are not 
reduced so readily as the chlorides; many natural minerals— sulphides, and silicates, 
gave good results. H. C. Geemuyden found that in the electric furnace, the sul¬ 
phides of magnesium, antimony, lead, and iron are reduced, and the metals vola¬ 
tilized except m the case of iron; aluminiiun sulphide was not reduced, and N. Tarugi 
examined the action of many metal salts ; he found cupric sulphite and carbonate 
behave, like the oxide ; the reaction with lead salts is completed at 400°; lead 
chromate furnishes free chromium and a lead-calcium alloy; salts of mercury and 
arsenic'give the metal free from calcium; salts of silver, gold, zinc, cadmium, 
antimony, bismuth, tin, nickel, cobalt, and platinum give alloys with calcium. 
J. F. Durand found that impure acetylides are precipitated when aq. soln. of 
cupric, mercuric, silver, lead, ferrous, nickel, cobalt, and manganese salts are 
heated with calcium carbide. - F. P. Veimblo and T. Clarke found chromosulphuric 
acid oxidizes calcium carbide; and 'H. Moissan found that calcium carbide and 
molten chromic add dcvelopr carbon dioxide, but a soln. of chromic acid gives 
acetylene. Molten potassiam chlorate, or potassium nitrate, at a red-Wt, 
forms carbonates; lead fluoride at ordinary temp, becomes incandescent. 
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§ 16. The Carbides ol the Magnesium-Zinc Family 

According to P. Lebeau,* when beryllium oxide is mixed with half its weight of 
sugar chareoal and a small quantity of oil, and heated to a high temp, in the electric 
tube furnace for 6-10 minutes, beryllium carbide is formed. If the temp, is too low, 
bejryllium nitride, or a mixture of nitride and carbide, is produced. The same 
compound was made by H. Moissan. F. Fichter and E. Brunner found the reaction 
between beryllia and carbon begins at about 1900°. From the analogy of beryllium 
and aluminium carbides, P. Lebeau assigned to beryllium carbide the formula 
Be 4 C 5 (Be, 13'8), but, added L. Henry, it does not follow that because beryllium 
carbide is similar in its properties to aluminium carbide, it must be analogous in 
composition. Magnesia and silica are both in many respects similar to alumina. 
The analyses of the carbide quoted by P. Lebeau agree closely with the formula 
BejO, and the apparent analogy between this compound and aluminium carbide 
cannot be allowed to override the great weight of the other experimental evidence 
in' fixing the valency of beryllium. P. Lebeau showed that beryllium carbide 
forms transparent yellow-brown, microscopic crystals, similar to those of aluminium 
carbide. The crystals scratch quartz easily; sp. gr.=l'9 at 15°. The carbide 
is readily attacked by chlorine at a dull red heat, with formation of beryllium 
chloride and a residue of amorphous carbon and graphite. Bromine behaves 
similarly at A somewhat higher temp., but iodine has no action even at 800°. Oxygen 
produces superficial oxidation at a dull red heat, sulphur vap. attacks it below 
1000°, but phosphorus and nitrogen have no appreciable action ■at dull redness. 
Dry hydrogen fluoride attacks the carbide with incandescence below a red heat, 
■with formation of fluoride and liberation of carbon; hydrogen chloride behaves 
similarly, but with less energy. In contact with water or dil. acids, the carbide is 
slowly decomposed, with liberation of methane, the change occurring rapidly and 
completely in contact with a-hot cone, sodium or potassium hydroxide soln. It 
reduces cone, boiling sulphuric acid,' but is only slowly attacked by cone, nitric 
or hydrochloric acid, althougbc hot hydrofluoric acid dissolves it rapidly. Fused 
po'^a^ium hydroxide .decomposes it with incandescence, potassium nitrate and 
chlorate are without action, but potassium permanganate and lead peroxide oxidize 
it readily. F. Fichter and E. Brunner found that ammonia reacts with beryllium 
carbide at 1000°, forming beryllium nitride with the separation of carbon. 
H. Moissan found that in the dectrio furnace beryllium carbide readily dissolves 
carbon, and on treatment of the cold* mass with hydrochloric acid, graphite is 
obtain^. According to P. Lebeau, when a mixture of beryllia (76 parts) and 
boton (46 parts) is moistened with a little alpohol, compressed, and then heated 
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in a carbon omcible in an electric fomace for 7-8 minntea, brilliant cryetale ol 
berrlliom borocarUde, are formed. They have a metallic laatre, a 

sp. gr, 2’4, and ate tidily soluble in acids. The compound is not altered by 
raposure to air at ordinary temp., but it is superlicially oxidized at a ted heat; 
it burns in chlorine at about 450°, producing boron and beryllium chlorides, and 
amorphous carbon. K. Nischk studied the formation of beryUium carbide. 

Only impure magnesian^ carbide has hitherto been obtained. J. Parkinson * 
showed that when heated in a stream of benzene vap. the metal suffers a marked 
change; it becomes black and brittle; decomposes water; and leaves a residue 
of carbon when treated with hydrochloric acid. Methane does not act to any great 
extent on the red-hot metal; but with coal gas there is an increase, in weight. 
C. Winkler stated that magnesium carbide and carbon are produced in the reduction 
of carbon dioxidb by heated magnesium, for the product, when treated with hydro¬ 
chloric acid, gives a hydrocarbon gas which burns with a luminous flame. The 
direct union of carbon with the magnesium is only superficial. J. T. Nance obtained 
similar results, and he noted that some carbide is formed when a mixture of mag¬ 
nesium powder and wood charcoal is gently ignited. M. Berthclot, H. Moissan, and 
W. Eidmann heated magnesium powder in a stream of acetylene, and obtained an 
impure magnesium carbide mixed with carbon; it developed acetylene when 
treated with water. 

There are a number of patents for preparing magnesium carbide or magnesium cafofum 
carbide. C. Whitehead heated a mixture of coal with lime and magnesia or dolomite; 
H. Auzita and A. Sdgoffln heated magnesite or dolomite with carbon in an electric furnace; 
0. J. Wollaston heated briquettes made of calcium sulphate, kioselguhr, and powde^ 
dolomite ; and H. S. Blackmore used a mixture of magnesium fluoride and calcium carbiae 
with alk^ fluoride as flux : MgF 2 -i-CaCj=MgC 2 -fCaF 2 . , 

H. Moissan heated M. Berthelot’s carbide in a graphite crucible in an electric 
furnace. Not the slightest evolution of gas occurred when the cold product was 
placed in water. Hence, he added that magnesium carbide is completely dcrxrmposed 
at a high temp., and this explains why magnesia can be fired and kept liquid in a 
carbon crucible without being reduced; magnesium carbide cannot exist at the 
fusion point of magnesia. W. Borchers claimed to have reduced magnesia* by 
carbon in the electric furnace. P. Lebcau heated a mixture of magnesia and 
carbon in an electric furnace, and inferred that a carbide is formed because 
the magnesia volatilizes 3 to 4 times as quickly as it docs in the absence of the 
carbon. The gases in the furnace atm. probably react with the carbide, reproducing 
magnesia and carbon. He believed that the reaction between magnesia and carbon*, 
occurs only between the vap. of these substances at the temp, of the electric arc. 
0. P. Watts mentioned that carbon can be volatilized from a bed of magnesia, 
and his sublimate contained magnesia and carbon. R. E. Slade proVsd that 
magnesia is rediteed by carbon at as low a temp, as 1700° as well as in the electric 
arc. He was able to collect some of the magnesium produced, and he found it to be 
always associated with some carbide. There is evidence of the reoxidation of the 
magnesium by the carbon monoxide in the furnace, CO-fMg—MgO-fC. K. Nischk 
studied the formation of magnesium carbide, B, Oddo made magnesium bromo- 
carbide, HC; C.MgBr; and 0.1. lotsitch and D. Gauthier, magnesium dibromo- 
carbide, MgBr.C ■ C.MgBr. G. I. lotsitcb (bade magnesium bromoailylenide, 
CjHjMgBr. • . 

No carbides of zinc or cadmium have been prepared. Much commercial zmo 
(g.e.) contains free carbon. 0. Buff and B. Bergdahl > found that only traces of 
carbon dissolve in zinc, cadmium, dr mercury. J. J. Berzelius reported that he 
had prepared zinc carhiie by the action of heat on zinc cyanide, but J. B. A. Dumas 
show^ that these products are probsblv^nly mixtures, R. T. Plimpton * pro* 
pared an explosive compound—probably mereworu carbide—hy the* action of. 
acetylene on mercurous acetate suspended m water. E. Burkard and M. W. Travers 
showed that to ensure the completion of the reaction, the sotn. should be ft^uenBy 
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agitated, and the current of gas continued for 30 hrs. in darkness: 
2 HgC 2 H 302 -(-H 20 +C 2 H 2 = 2 CH 3 C 00 H-fC 2 Hg 2 .H 20 . The precipitate was washed 
with water, and then with alcohol, and dried over sulphuric acid. Its composition 
corresponds with mercurous carbide, Hg2C2.H20. The product is white, and if a 
little free mercury is present, grey. The elements of water cannot be removed ; 
when dried at 100°, the carbide decomposes. When treated with iodine it 
furnishes mercurous iodide and ethylene tetraiodide and with hydrochloric acid, 
acetylene is evolved. 

H. Bassett ® passed coal gas through Nessler’s reagent, and obtained a yellow 
precipitate which exploded slightly when heated; and he obtained a purer pale 
yellow precipitate by using the products of the incomplete combustion of coal gas. 
The precipitate exploded rather more violently than the former product. Analyses 
corresponded with CiHHgl.HgO. E. H. Keiser made mercuric carbide free -from 
iodine, and with the composition corresponding with C 2 Hg, by passing purified 
acetylene into a soln. of mercuric and potassium iodides containing a little potassium 
hydroxide. The white flocculent precipitate was washed with distilled water, and 
dried over sulphuric acid. The water was eliminated only by prolonged heating 
on a water-bath. The compound begins to decompose at about 100°. If gradually 
heated, the substance becomes dark and a vap. is evolved which has a smell 
resembling that of phosphine. If heated rapidly, the compound explodes with 
extreme violence, forming finely divided carbon and mercury. It dissolves readily 
in hydrochloric acid, forming a soln. of mercuric chloride, and giving off acetylene. 
It unites slowly with iodine at ordinary temp., more rapidly when heated, forming 
didodoacetylenc, C 2 I 2 , which gradually decomposes, 2 C. 2 l 2 ->C 2 l 4 -l- 20 , when kept 
for some time. 

J. P., Durand obtained mercuric carbide by the action of calcium carbide, 
or of cupric acetylide on a soln. of mercuric nitrate. R. T. Plimpton and 
M. W. Travers found that freshly precipitated mercuric oxide, suspended in water, 
is slowly converted into mercuric carbide when treated with acetylene. Ammoniacal 
soln. of mercuric salts are only partially precipitated by acetylene, but if the 
mercuric salt bo mixed with cupric sulphate or zinc chloride and ammonia, pre¬ 
cipitation is complete. They recommend the following method of preparation : 

Freshly precipitated mercuric oxide is dissolved in cone, ammonia, and powdered 
ammonium carbonate added. Tlie littered soln. is moderately dil. and sat. with acetylene, 
preferably in a bottle fitted with a cork and glass stopcock and previously exhausted. The 
ahsorption takes place rapidly on shaking, fresh acetylene being admitted from time to 
, ♦>me until precipitation is complete. The carbide separates ns a heavy, white powder, 
which is washed by decantation, and finally on a filter until free from ammonia. It may 
be kept ^n indefinite time under water without changing, and on account of its highly 
explosive character is conveniently stored in this condition. 

The composition of the white powder is C2lIg.|H20 ; its sp. gr. iff 5'3 at 16716°. 
When gradually heated, it begins to decompose at about 110° into mercury and 
carbon; when .rapidly heated it decomposes with a violent explosion. When 
dropped on a heated cylinder explosion occurred at all temp, above 230° ; it explodes 
when struck smartly, but it can be handled with safety. It is insoluble in water, 
alcohol, and ether. A soln. of ammonium acetate dissolves the fresh precipitate ; 
and a soln. of potassium cyanide readily dissolves the dried compound. When 
allowed to stand in contact with an alcoholic soln. of mercuric chloride, or when 
boiled with an aq. sole, of that salt, a non-explosive white substance is formed. 
Chlorine and bromine cause the compound to explode; a soln. of chlorine in chloro¬ 
form produces metcutio chloride and what is probably ethane hexachloride. Bromine 
water j/ields tetrabromoethylene. The first product of the action of a soln. of 
iodine in potassium iodide is di-iodoacetylene, and then tetraiodoethylene. Hydfo- 
ohloric acid’in the cold has very little action; when heatpd, mercuric chloride and 
ate^lene are formed, and some is hydrolyzed to acetaldehyde. It is readily soluble 
in mtric acid; dil. sulpBuric acid has but a slight action; while the cone, acid causes 
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the carbide to explode. J. P. Durand found that mercuric carbide gives a pre¬ 
cipitate of silver acetylide with a soln. of silver nitrate, but no precipitate with 
cupric chloride or nitrate. 

According to R. T. Plimpton and M. W. Travers, if acetylene be passed into a 
soln. of mercuric acetate, in darkness, a white precipitate is formed which gradually 
becomes grey. In about 2 hrs. the reaction is complete, and the product after washing, 
and drying in vacuo over sylphuric acid, has the composition 2 HgO. 3 HgC 2 . 2 H 2 O, 
or 2Hg(OH)2.3HgC2—metcnric hydroxycarbide. The precipitate is non-explosive, 
but it decomposes at ordinary temp. At lOO", water is given off and carbon 
separates. With iodine, it forms di-iodoacetylone, and etliylene tctraiodidc. When 
heated with hydrochloric acid in the presence of mercuric salts, aldehyde is formed, 
but little or no acetylene appears. In 1881, M. Kutscheroff showed that hydro¬ 
carbons of the hcetylene series unite with water in the presence of mercury salts, 
forming aldehydes and ketones, e.g. with acetylene HC HM-i-H20-(TIj.OO.lI, 
and with allyleno CHj.CiCH-f H20=CH3.C0.CH3. The reaction is employed 
industrially for making acetaldehyde which is subsequently oxidized to acetic acid. 
The mechanism of the reaction has been studied by a number of investigators. 
E. H. Keiser assigned the formula ClHg.O • C.HgCl to the white precipitate which is 
formed when acetylene is passed into a soln. of mercuric chloride ; K. A. Hofmann 
considered that the first product of the reaction is a substance with the formula : 


Hg<, 


tt'lj 


and that this is immediately converted by hydrolysis and intermol(‘Cular change to 
trichloromcrcuriacetaldehyde, (ClHgls.C.OOU. H. Biltz and 0. Mumm agreed Hiat 
the white precipitate is probably trichloromcrcuriacetaldehyde, but they doubted 
if K. A. Hofmann’s intermediate compound is formed. A. BergiS and A.*Reyohler 
said that acetylene has no action on a soln. of mercuric chloride in dil. hydro¬ 
chloric acid, and they recommended this soln. as a liquid for purifying acetylene ; 
but P. Biginclli, J. S. S. Brame, and D. L. Chapman and W. J. Jenkins have 
shown that cldoromercurichloracetytene, or mercuricdii'hloracclyhne, 


11 

Cl 


>C : C< 


H 

HgCl 



H 

01 

H 

(!1 


respectively are produced in dil. hydrochloric acid soln. D. L. Chapman and 
W. J. Jenkins prepared this compound in long, colourless, needle-shaped crystals by> 
circulating acetylene through a sat. soln. of mercuric chloride in abq,olnto alcohol 
through which a current of hydrogen chloride had been passed for 5 minutes. In 
16 hrs. the soln. deposited the crystals with the empirical compo.sition 02 'H 2 ’HgCl 2 . 
The crystals melt with decomposition near 113“; they arc soluble in i^thcr and 
benzene. The compound is not formed in an ethereal soln. of mercuric chloride 
in which hydrogen chloride is dissolved. M. Kutscheroff made mercuric aUylenide, 
(C 3 H 3 ) 2 Hg. J. F. Durand made mercoroue carbide or acetylide by the action of 
calcium carbide, mercuric acetylide or clipric acetylide, on a soln. of mercurous 
nitrate. , 
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§ 17. The Carbides of Aluminium and ihe Rare Earth Metals 

The horon carbides have been discussed as carbon borides in connection with boron 
( 6 . 32, 4). H. St. C. Deville i was unable to make carbon unite with aluminium; 
even when carbon tetrachloride is decomposed by aluminium, carbon is produced 
and the excess of aluminium remains unchanged. J. W. Mallet could detect no 
sign of the formation of a definite carbide when sodium carbonate is reduced by 
aluminium. The carbon taken up by the excess of metal was mostly, if not 
altogether, in a state of mere admixture, and produced no marked effect on the 
physical I properties of the metal. He also observed no carbide formation when 
carbon monoxide is reduced by aluminium; alumina, and carbon with small 
yellow crystals, said to be aluminium nitride, were obtained—the nitrogen pre¬ 
sumably was derived from the contamination of the carbon monoxide, etc., with air. 
T. S. Hunt, in 1885, exhibited yellow crystals of what he regarded 5s an alloy of 
aluminium and carbon which were found in an electric furnace, reducing a mixture 
of alumina and carbon. The work of H. Moissan, ten years later, showed that 
T. S. Hunt’s crjtetals were most probably alominiom carbide, AI 4 C 8 . H. Moissan 
obtained crystals of this compound in the following way: 

Small boats of carbon were filled with alumininm, put into a carbon tube through 
which a current of hydrogen was passed, and heated in the electric fiunace. After cooling, 
othe aluminium was of a grey colour, and on breaking it was seen to be strewn with brilliant 
flne-yellow crystals. To separate these out, the aluminium is dissolved by cone, hydro¬ 
chloric acid, sluTounding the vessel with ice to keep the temp. low. The residue is washed 
with ioe-oold water, then with alcohol, and finally with ether. This whole operation must 
be conducted as quickly as possible, since the carbide is attacked by water 

P. W. Askenasy and co-workers used a similar process. According to J. N. Pring, 
the reaction proceeds from left to right: fiAl-t-SCOv^AlsCs-f-AljOs, but at higher 
temp, the direction is reversed, and aluminium is re-formed. H. Moissan also made 
the carbide by heating the metal in a carbon crucible in an electric furnace—when 
the product is contaminated with nitride; by treating a mixture of china clay and 
carbon in the electric furnace; and by heating aluminium and calcium carbide in 
the Moctric arc. S. A. TuckeP’and H. B. Moody obtained aluminium carbide by 
lec&cing alumina with ralcium carbide. 0 . Ohmann ignited a mixture of aluminium 
filings with a small proportion of a mixture of potassium chlorate and iron, in an atm. 
of carbon dioxide. The ignition is started by touching the chlorate and iron filings 
with a glowing wire, and allowing a stream of carbon dioxide to play on the 
aluminium powder. The product, AI 4 CJ. was used for the preparation of methane* 
L, Franck, and C. Matignon, made aluminium carbide by heating aluminium and lamp- 
black to a high temp. M. Barnett and L. Burgess heated, in the electric aic-fomi^, 
an Intimate mixture of alumina and carbon. F. £. Weston and H. R. Elhs ignited 
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mixtoes of powdered ahnumum with wood ohareoal, aagat ohareoal, and gnphite, 
by a fuse of magnesium and barium peroiide. The prcduot contained alununium 
nitnde, carbide, and oxide, and thp free elements. Methane was the only gas 
produced by the action of water, and hence it was inferred that the only carbide 
formed was C 3 AI 4 . It was not easy to initiate the combination in vacuo j and it 
was assumed that the first action is the oxidation of the carbon to monoxide and 
dioxide, the heat given out starts the oxidation of the aluminium, and, finally, that 
the latter reaction raises the temp, sufficiently to bring about combination of the alu¬ 
minium with carbon and nitrogen. Some mixtures heated to dull redness in a closed 
crucible reacted vigorously on exposure to air. At 650°, K. Briner and R. Senglet 
observ^ noireaction between carbon and aluminium, but at 760° small amounts 
of carbide were formed. J. N. Bring found that the reaction between carbon and 
alununium begins at 650°, and proceeds rapidly at 1400°. C. Matignon made 
aluminium carbide by heating aluminium'in carbon tetrachloride vap. E. Dufau, 
by heating in the electric furnace, calcium aluminate with carbon—calcium carbide is 
formed at the same time; A. H. Cowles, by the reduction of sodium aluminate with 
carbon; L. M. Bullier, by heating sodium chloroaluminate with calcium carbide; 
and H. Hilbert and A. Frank, by heating aluminium phosphate and carbon; 
4 AlB 04 -|- 19 C=Al 4 C 3 -(- 4 P-t- 16 C 0 —the phosphorus distils ofi. L. Franck represcutod 
the reaction at 1200°-1300° with carbon monoxide by 2 Al-|- 3 C 02 = 2 A 108 -t- 3 C; 
and with carbon dioxide by 4 Al-|- 3 C 02 = 2 Al 203 -|- 3 C. At lower temp., A. Quntx 
and A. Masson obtained 6Al-f3CO—AI 4 C 34 -AI 2 O 3 ; and likewise also with carbon 
dioxide. P. W. Askenasy and A. Lebedeff found that aluminium and aluminium 
carbide are formed when alumina and wood charcoal are heated side by 
side in the electric furnace. They assumed that the carbide is first formSd; 
2 Al 203 -|- 9 C= 6 C 0 -f AI 4 C 3 , and that at a higher temp., say fil00°, the carbide dis¬ 
sociates or reacts with alumina, forming aluminium which remains dissolved in the 
carbide, otherwise it would boil away; on cooling, the aluminium separates from the 
soln. M. Barnett and L. Burgess have described a furnace for the production of the 
carbide. K. Nischk made some observations on the formation of aluminium carbide. 

According to H. Moissan, aluminium carbide forms transparent, yellow crystals 
sometimes 6 mm. long, and in the form of regular hexagons. According to 
M. L. Huggins, the rhombohedral crystals have a lattice in which each aluminium 
atom is surrounded by three carbon atoms, and each carbon atom by four aluminium 
atoms all at the corners of a tetrahedron; and the axial ratio is estimated to be a: e 
=1:1‘225. The sp. gr. is 2'36. The carbide is stable up to 1400°, but is decomposed 
at the highest temp, of the electric arc. P. W. Askenasy and co-workers believe 
that the dissociation of the carbide Al 4 C 3 = 4 Al-l- 3 C proceeds at a much lower temf .* 
than H. Moissan supposed. P. W. Askenasy and A. Lebedeff say that duminium 
carbide is not changed by heating in vacuo between 400° and 1400°. 0. R^fl found 
that aluminiulh carbide sublimes at temp, up to 2200 ° without melting, and 
with some decomposition which is independent of temp. The vap.- press, was 
measured up to 2300°; and at 2200°, aluminium carbide is in equilibrium with 
graphite and aluminium sat. with graphite and vap. under a press, of 400 mm. 
E. Briner and R. Senglet said that the reaction Al 4 C 3 w^ 4 Al-|- 3 C is reversible; 
dissociation begins below 540°, and, as indicated above, combination begins between 
650° and 760°. M. Berthelot gave for the heat of formation: 4 Al-l- 3 C 3 („n„,a 
=Al4G3-(-244'9 Cals. Ie.s 8 about 26 Cals. H. Meissan found that the carbide is 
attack^ superficially by oxygen at a dull red heat. M. Bqfthclot gave for threat 
of oxidation Al 4 (^-)- 602 = 3 W 2 + 2 Al 208 -f 834 Cals. H. Moissan noted that when 
the carbide remains in contact with water at ordinary temp., decomposition takes 
place very slowly, and methane and aluminium hydroxide are formed. M. Berthelot 
a gave for the heat of decomposition Al4(J-l-12H20=3CH4-l-4Al(0H)8-|-183'8 Cds. 

plus about 26 Cals.; thq change is accelerated by heat, but is not influenced by light. 

. According to H. Moissan, chlorine attacks it at a dull red heat, with incand^gee, 
aluminium chloride volatilizing, and a residue of amorphous carbon, without any 
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trace of graphite, being left; bromine has no action at the ordinary temp., but 
attacks the carbide, with incandescence, at about 700°; iodine seems to have no 
action, even at a bright red heat. At a dull /ed heat, sulphur attacks the carbide 
readily, with great development of heat, and formation of aluminium sulphide and 
traces of carbon bisulphide, although the greater part of the carbon remains in the 
form of thin lamcllse. Nitrogen and phosphorus have no action on the carbide at a 
dull red heat, but certain oxidizing agents attack it readily. When sUghtly heated 
with dry potassium permanganate, it is oxidized with vivid incandescence; potas¬ 
sium dichromate and chromic anhydride oxidize it slowly at dull redness. The 
carbide reduces lead peroxide and the red oxide with incandescence, but it is not 
attacked by potassium chlorate or nitrate. A soln. of an alkali dichromate, acidified 
with sulphuric acid, attacks it slowly in the cold, or when boiled; fuming nitric 
acid is without action, even on heating, but on the addition of water the carbide is 
rapidly attacked ; cone, hydrochloric acid attacks it very slowly, but the dil. acid 
dissolves it in a few hours ; boiling cone, sulphuric acid is reduced, with formation 
of sulphur dioxide, and the dil. acid reacts at about 100°. Fused potassium 
hydroxide attacks the carbide with great energy at about 300°, but alkali carbonates, 
even at a bright red heat, produce only incomplete decomposition. J. N. Pring 
found that with calcium at a high temp., there is a reversible reaction, 2Al4C3-l-3Ca 
v^3CaCjd-8Al. He added that, up to about 1400°, the carbide behaves as a strong 
reducing agent, but both aluminium and carbon are simultaneously oxidized, even 
when the carbide is in excess. Thus, under these conditions, no separation of 
aluminium or of carbon can bo detected. For instance, aluminium carbide interact¬ 
ing with copper oxide produces metalhc copper and carbon dioxide, together with small 
qitentities of carbon monoxide. A similar behaviour is noticed when the reactions 
are brought about in the mass of a flux so as to facilitate the agglomeration of the 
reduced MCtal. At higher temp., however, selective reduction begins to be apparent, 
the reduction being more and more brought about by the carbon of the carbide, 
with a result that alloys of aluminium and the reduced metal are obtained, the 
per cent, of aluminium increasing the higher the temp, of reaction. In the case of 
copper, the per cent, of aluminium in the alloy seems to be limited by the volatili¬ 
zation of aluminium. Copper alloys were obtained containing up to 28 per cent, of 
aluminium, whereas the equation: 3CuO-fAl4C3=4Al,3Cu-|-3CO, demands an 
alloy containing 36 pei^ cent, of aluminium. In the case of iron, an alloy was ob¬ 
tained containing 46'7 per cent, of aluminium, or, subtracting the amount of free 
carbon, 49 6 per cent, of aluminium. This corresponds to the equation: 
Ee 203 +Al 4 C 3 -: 2 Fe, 4 Al-)- 3 C 0 , which demands an alloy containing 49 2 per cent. 
'<S aluminium. Any excess of oxide used in the reaction resulted in oxidation of the 
aluminium of the alloy. When the reaction between aluminium carbide and iron 
oxide was,.brought about in presence of a bath of molten iron at a high temp., alloys 
were also obtained in which more than 90 per cent, of the aluminium of the carbide 
used had, been set free and taken up by the iron. Aluminium carbide reacts with 
copper at a temp, below the m.p. of platinum, and with iron just above this temp., 
to form an aluminium alloy with liberation of free carbon. At higher temp., the 
reaction takes place with violence and is complete. 

W. Hampe2 showed that the yellow crystals of what F. Wohler and H. St. C. Deville 
in 1857 regarded as diamond boron is' really aluminium borocarbide, AI 3 B 43 C 2 , or 
CjBjj.'SAlBjo. The crystals ara.mado by heating aluminium with boron trioxido 
in graphite crucibles to the highest temp, of a wind furnace, and allowing the fused 
mass to cool slowly. The reaction was examined by A. Joly, and he expressed the 
opinion that the alleged borocarbide is not a chemical individual, but gives no 
evidence either way. The crystals, said W. Hampc, belong to the tetragonal 
system; octahedra are most common, bu^ long prisms are also formed. According, 
to Q. Sella, the axial ratio of the ditetragonal bipyramidal crystals is a : c=l: 0'6762; 
W, Sartorius von Waltershausen gave 1:0'6736. The colour of the strongly 
reuaoting crystals may be pale yellowish-browja, almoslr colourless, honey-yellow, 
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hyacinth-red, dark brown, or atinost black. The sp. gr., according to W. Hampe, is 
2 615. The crystals are easily broken, and have a conchoidal fracture. They are 
harder than corundum, but softer than the diamond. Their properties closely 
resemble those of aluminium boride. The compound can be heated in oxygen 
without burning. The crystals become matt in hot cone, hydrochloric or sulphuric 
acid, and are slowly attacked ; hot cone, nitric acid gradually dissolves them. A 
boihng cone. soln. of potaesjpm hydroxide, or molten potassium nitrate, does not 
attack the crystals, but they are attacked by fused potassium hydroxide or lead 
chromate. They are slowly oxidized by potassium pyrosulphate at a red heat. 
They are readily alloyed by fiusion with platinum. 

Early in the last century, J. G. Children,'* 1815, made an electric arc between the 
surfaces of cerium oxide and carbon, and obtained a product which gave an un¬ 
pleasant odour when treated with water, and which later work has shown to have 
been impure cenam carbide, CeCj. G. Mosander claimed to have made cerium 
carbides by calcining ccrous oxalate or tartrate at a high temp., but some of his 
statements of the properties of the products do not agree with those now known 
to be characteristic of cerium carbide. H. Moissan prepared cerium carbide by 
heating an intimate mixture of sugar charcoal (48 grms.) with ceric oxide (192 grms.) 
in a carbon-tube electric furnace. The oxide fuses, and ebullition commences owing 
to the evolution of carbon monoxide : CeO 2 -|- 4 C=Ce 02 -l- 2 CO. In a few minutes, 
when the mass is in a state of quiet fusion, the reaction is complete. F. Fichter 
and C. Scholly used a similar method. J. Storba supposed that cerium oxycarbide, 
CeC 2 . 2 Ce 02 , is formed by the reduction of ceric oxide with insufficient carbon for 
complete reduction, but A. Damiens denied this. He believed that the reduction 
occurs in stages : 2 Ce 02 -fC=Ce 2034 -C 0 ; and Ce 20 a+ 9 C= 2 CeC 3 -f 3 CO ; and 
CeC 3 =CeC 2 -f 0. The red crystals of the intermediate carbide, lieCh, can be isolated. 
P. R. Bassett discussed the formation of cerium carbide in the high ihtensity 
arc using a positive electrode of carbon with a core of cerium fluoride. 
W. Muthmanu and co-workers prepared curium carbide by the electrolysis of ceric 
oxide in the presence of carbon. 0. Petterson, and H, Moissan prepared lanthanum 
carbide, LaG 2 , by a method similar to that employed for cerium carbide: and 
H. Moissan likewise made neodymium carbide, NdC 2 ; praseodymium carbide, PiCt; 
and samarium carbide, Sa 02 . 0. Petterson, and H. Moissan and A. Ktard made 
yttrium carbide, YC’a; and 0. Petterson, ytterbium carbide, YbG 2 ; and holmium 
carbide, H 0 C 2 , in a similar way. 

It will be observed that the rare earth carbides appear to be of the same type 
as calcium carbide, CaC 2 , and that they arc not analogous to aluminium carbide^ 
AI 4 C 3 . Cerium carbide appears as a homogeneous mass with a crystalline fracture, 
and it readily breaks up in the presence of air. When the fragments ate oiamined 
under the microscope, some appear as well-marked hexagons of a reddib(i»yellow 
colour; lanthanum carbide is rather lighter in colour than cerium earbide. 
0. Petterson gave 4'71 for the sp. gr. of latithanum carbide ; II. Moissan’# values 
at 20 °, are 


Sp. gr. . 6 02 


W. R. Mott gave 4600° for the b.p. of yttrium carbide. At a red heat, hydlOgtll 
has no appreciable action on neodymium anti praseodymium carbides; and at 
1000 °, no action on samarium carbide; oxygen redHily unites with yttrium ^r- 
bide; and at a red heat lanthanum and cerium carbides become incandescent, wffile 
praseodymium, neodymium, and samarium carbides become incandescent at 400°. 
The action of WStei on the rare earth carbides is particularly interesting. The 
principal gas is acetylene. H. Moissan’s analyses arc summarized in Table XVII. 
Both acetylene and methane are accompanied by small amounts of their homologues. 
A. Damiens assumes that the primary reaction is MC 2 -t- 3 HjO=M(OH) 3 -|-H 2 -|-CjHj, 
and part of the acetylene is then hydrogenated to form ethylene and ethane# 
He found that with cerium, Ihnthanuni, neodymium, praseodymium, and samarium 
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Tabus XVII.—CoHTOsmoH or Gabbs EvotraD by the Aotiok or Wateb oir the 
Babe Eabtb Cabbideb. 



1 VC, 

1 LaCj 

1 CeC, 

^ N(iC, 

1 PrC, 

SaC| 

Acetylene 

71-8 

70(>-71'8 

76-(l-76'7 

66-4-67'2 

67'6-68'3 

70'l-7I-2 

Kthylene 

Hethaoe 

4-7 

21 

• 3-5-4-2 

6-0r6'9 

2-6-3'6 

7-6-8'l 

18-9 

27-8-28'0 

21'6-20-3 

28-8-27'3 

28-1-300 

20-7-22-3 

Hydrogen 

Liquid or solid 

4-7 

— 

— ' 




hydrocarbons | 


A tittle 

3'5 

A tittle 

1 

A tittle 1 
* 

A tittle 


carbides, the gas eyolved in every case consisted of a mixture of hydrogen, sat. hydro¬ 
carbons, ethylenic and acetylenic hydroharbons. The proportion of hydrogen was, in 
all oases, high. Unlike H. Moissan, he said that in no case was any methane found, 
the sat. hydrocarbons consisting of ethane, propane, and isobutane. The ethylenic 
hydrocarbons consisted of ethylene and its homologues. The difierent constituents 
of the mixture were invariably present, but their relative proportions varied accord¬ 
ing to tho velocity of the reaction, which was dependent on the physical state of 
the carbide. The metallic hydroxides produced were always those of the sesqui- 
oxides. 0. Petterson assumed that the constitution is of the mixed type, so that 

rj_M_G 

C-M=C +6H20=C2Hj-hC2H4-f 2M(0H)3, 

but there is little to support this hypothesis. 

All these carbides are readily attacked by fluorine with incandescence—^yttrium 
carbide in the cold, the others when warmed; chlorine attacks yttrium carbide 
below a dull red heat; lanthanum carbide at 250°, cerium carbide at 230°; neo¬ 
dymium and praseodymium carbides, above a red heat; and samarium carbide when 
heated—all with incandescence; bromine attacks yttrium carbide below a dull 
red heat; lanthanum carbide at 266°, cerium carbide above 230°; and praseo- 
dyenium, neodymum, and samarium carbides at a dull red heat—all with incan¬ 
descence I and iodine attacks yttrium, lanthanum, cerium, and samarium carbides 
below a dull red heat with incandescence, while praseodymium and neodymium 
carbides are attacked at a dull red heat without incandescence. Cerium carbide 
is attacked by hydrogen chloride at 660° with incandescence, and neodymium, 
, praseodymium, and samarium carbides at a dull red heat with incandescence; 
hydrogen iodide attacks cerium carbide at a dull red heat with incandescence. 
Dil. acids easily attack all these carbides with the evolution of gases as in the case 
of wafer. The vap. of sulphur attacks yttrium and lanthanum carbides; with 
cerium carbide, the attack is accompanied with incandescence,'with neodymium 
and praseodymium carbides the attack begins at 1000°, and with samarium carbide, 
above 400°. Yttrium and cerium carbides are attacked by selenium vap. at a dull 
red heat, and lanthanum carbide is attacked more vigorously than with sulphur. 
Cerium, praseodymium, neodymium, and samarium carbides are attacked when 
heated with hydrogen sulphide. All these carbides are attacked by sulphuric 
acid in the cold, with the evolution of sulphur dioxide Lanthanum carbide is 
attacked at 800° by nitrogenv forming a nitride; cerium carbide is not attacked at 
the softening temp, otglass, and neodymium and praseodymium carbides are attacked 
superficially at 12(W°. P. Fiohter and C. SohoUy found that at 1260°, cerium 
carbide forms the nitride, not the cyanide or Oyanamide. According to H. Moissan, 
at a red heat lanthanum carbide is attacked with incandescence by ammo nia; cerium 
carbide is not attacked at 600°; whilp praseodymium and neodymium carbides at 
.a r^ heat form nitrides; and at 12W°, according to F. Fichter and C. flbhdlly, 
iCOTuni carbide forms nitride, but rather more slowly than in an atm. of nitrogen. 
K. Moissan found thairfuming oitrio add doee not act on lanthanum, cerium, praseo- 
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dymium, and neodymium carbides. Lanthanum carbide is not attacked by pluxt- 
phoras at 700°-800°, nor is cerium carbide at the softening temp, of glass. Fused 
potasg i n m bydrozide decomposes the carbides with the evolution of hydrogen; 
fused potassiom caibonate also attacks the carbides. Fused potassium perman* 
ganate, chlorate, or nitrate attacks the carbides easily with incandescence. 
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§ 18. The Carbides ot the Silicon and Tin Families ot Elements 

According to J. J. Berzelius,> in the preparation of silicon by the reduction of 
potassium fluosilioatc by potassium, a mixture of silicon and silicon carbide, or 
carbon sUicide, is obtained. The amorphous substance suffered no loss of weighU 
when ignited in a closed vessel, but in air, the carbon burns to a carbpn dioxide, 
and the silicon to silica—in proportions showing that the composition mint have 
been CgSij. In an attempt to synthesize diamonds, C. M. Despretz also obtained 
what were most iJtobably crystals of silicon carbide when he passed an clcctric^current 
through a carbon rod embedded in sand. The crystals were hard enough to cut the 
ruby, and scratch soft diamonds. R. 8. Mardsen also in hm work on the solubility 
of silica in molten silver obtained pale yellow hexagonal lamella which he mistook 
for graphite, butwhich-were, in all probability, silicon carbide. A. H. and B. H. Cowles 
obtained hexagonal crystals of a substance yhich C. F. Mabery believed to be 
silicon snboiide, but which proved later to be crystalline silicon carbide. L. Franck 
found a few crystals of silicon carbide of adamantine Hardness in commercial calcium 
carbide. , * 

According to A. Colson, when silicon is heated to bright, redness in a str^m 
of ethykne, or of hydrogen sat. with" benzene vap. at 60°-60°, a mixture of silicon 
oxycarbides —vide infra —^witb dark green gUicon dioarblde, SiC,, is formed. This 
substance is not attacked at a red heat bp oxygen or chlorine; it is insoluble in 
acids; and is decomposed by fusion with potassium hydroxide, or with a mixture 
of lead chromate and lead oxide. E. Kohn-Abr^t obtained what he r^arded^sU 
sUiam pentalrdacarbide, CsSij, by heating aluminium silioide in a graphite vessel. 
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P. Schiitzeabergei obtained amorphous silicon monooaibidCi SiC, by heating to 
bright redness for a few hours an intimate mixture of silicon and silica in a graphite 
crucible packed with lampblack inside a 'larger crucible. The contents were 
powdered, and boiled with moderately cone, hydrofluoric acid in order to dissolve 
the silica and the small quantity of silicon nitride which is formed. No free 
silicon is present. The insoluble residue containing nearly one-half of the silicon 
employed, is extracted with boiling cone, hydrofluoric acid, and the green powder 
which remains is silicon monocarbide. This substance is said to be formed by the 
action of carbon monoxide on the silicon. On treating it with chlorine at a low 
red heat, silicon chloride is evolved, leaving carbon and part of the carbide 
unchanged. After burning the carbon in a current of oxygen, a portion of the 
residue can be acted on by chlorine at a bright red heat, but the residue from this 
second treatment is not further attacked by chlorine. 

H. Moissan said that carbon can dissolve in molten silicon, and the carbide can 
be detached from the crystals by boiling in a mixture of nitric and hydrofluoric 
acids, and further purified by treatment with a mixture of nitric acid and potassium 
chlorate. The crystals may be yellow and quite transparent, or they may have a 
sapphire-blue colour. In the presence of a solvent, silicon and carbon unite between 
1200°-1400°. H. Moissan obtained almost colourless, prismatic needles of carbon 
silicide by allowing the vap. of carbon and silicon to react with one another. If 
iron silicide, mixed with an excess of carbon, be heated in an electric furnace, a 
regulus containing crystals of silicon carbide is formed. A mixture of iron, silicon, 
and carbon, or of iron, silica, and carbon, can be similarly treated. The regulus 
is first digested with aqua regia to remove the iron ; then heated for several hours 
with a mixture of nitric and hydrofluoric acids, and then treated eight to ten times 
with ajnixture of nitric acid and potassium chlorate. H. Moissan also made the 
carbide by melting a mixture of calcium carbide and silica, and by reducing silica 
with carbon in an electric furnace. In 1890, B. 6. Acheson tried to crystallize carbon 
by dissolving that element in aluminium silicate in an electric arc. The blue 
crystals obtained were thought to be a compound of carbon and aluminium. The 
crystalline compound was called carborundum. Subsequent analyses showed the 
product to be silicon carbide, SiC, and it was then made by reducing silica by 
carbon in the electric furnace. According to A. Lampen, some of the non¬ 
crystalline carbide is found in the parts of the carborundum furnace which have 
not attained a temp, of 1950°. H. Moissan found crystals of silicon carbide in the 
meteorite from Canon Diablo, and G. F. Kunz proposed for the mineral name 
>' moissanite. H. Hancmann observed no carbide formation by heating a mixture 
of iron, silica, and carbon to 1500'^; about 1’37 per cent, of silicon was formed. 
0. MUMhauser purified carborundum by passing oxygen over it for an hour while 
at a dufi red heat; boiling the product with potash-lye ; and then heating it with 
a mixtpre of hydrofluoric and cone, sulphuric acids. L. Weiss and T. Engelhardt, 
and W. G. Mixter discussed the purification of carborundum. 

6. Taramann found that the reaction between silicon and carbon, obtained by 
the action of mercury on carbon tetrachloride at 450°, started at 1220°; with soot 
from turpentine, at 1340°; with sugAr charcoal, at J410°; and with graphite, 
at 1390°. K. Nischk studied tl^e formation of silicon carbide. According 
to S. A. Tucte and A. Lampen, the temp, of formation of crystalline car¬ 
borundum from silica and darbon is 1950°; H. W. Gillet gave 1820°+ 20°; 
and L. B. Saunders, f840° ± 30°. For amorphous carborundum, 8. A. Tucker and 
A. Lampen gave 1600°; H. W. Gillet, 1540° ± 30°; and L. B. Saunders, 1600° ±60°. 
For the temp, of decomposition of crystalline carborundum, S. A. Tucker and 
A. Lampen gave 2220°; H. W. Gillet, 2220° ± 20°; and L. E. Saunders, 2240° ±5°. 
The range of temp, in the carborundum furnace is therefore comparatively small. 
J. N. Prin'g found that at a reduced press., O'Ol mm., carborundum is formed at 
’1?50°; and H. C. Greenwood stated that in vacuo silica is reduced by carbon, 
and carborundum is formed at 1460°. R. 8. Hutton and J. E. Petavcl showed that 
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at JOO atm. press., the fonnation of crystalline carborundum is hindered, and the’ 
formation of amorphous carborundum negligible. According to W. Q. Mixter, 
the heat of formation of crystalline carborundum, Si,.rygf hC«inoriiiiiw»—S>C+20 
Cals, per 40 4 grins, of carborundum, or ,")0 cals, per grin, of SiO; and the heat 
of combustion to silica and carbon dioxide is SiC4'202=Si02+C02+283'8 Cals, 
per 40 4 grms. of carborundiiin, or 7025 cals, per grin.; ll. N. Potter obtained 
7595 cals, per grin. W. tl. Jlixti'r said that his value falls within the. limits of 
experimental error, so that the heat of formation may be positive or negative. 

The first carborundum furnace consisted of an iron bowl lined with carbon, and 
fitted with a carbon rod. A mixture, of carbon and clay was introduced into the 
bowl and about the rod. A current sufficient to fuse the mixture, or to bring it to 
a very high temji., was passed through the furnace with the iron bowl and carbon 
rod m electrodes. When the current was cut off and the furnace cooled, a few 
bright blue crystals of carborundum were found surrounding the carbon rod. The 
clay was afterwards replaced by glass-sand. A little salt was added to facilitate 
the running of the furnaces ; and the mixture was made porous by the adilitioii of 
sawdust so as to facilitate the escape of gas. The furnaces were then increased 
in size. The manufacture has been described by E. 0. Acheson, F. A. J. Fitzgerald, 
C. A. Kohn, 0. MUhlhauser, J. A. Matthews, A. Dorsciiiagcn, R. Volkinami, 
K. P. Gregorovitch, etc. 

The furnaces are built of brick, ivnd have the term of an oblong box, internally 10 ft. 
X 5 ft. X 5 ft. The ends have a thickness of about 2 ft. The terminals are fitted at the 



centre of each end. They consist of 60 carbon rods, 30 ins. long and 3 ins, diameter. The 
outer ends of the carbons are enclosed in a square iron frame to which is screwed a stout 
plate bored with sixty holes corresponding with ffie ends of the oarlwns. Through each hole 
a passed a short piece of gth in. copper rod, ann this fits tightly into a hole drilled in the 
carbon. All the free space between the inside of the plate, and the ends of the carbon, is 
packed tightly with graphite. Each plate has four projections to which the four cabfps* 
conveying the current are bolted The ends of the furnace are permanent, the remainder 
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la built each time the furnace ia operated. The side walla are built about 4 ft. high. Pieoea 
of iron plate are placed about 4 ins. from the inner ends of the terminus to keep 
the mixture from coming in contact with the terminals. The mixture of sand (63’9 per 
oent.)» coke (40 {>er cent.), sawdust (5 per cent.)* and salt (T5 per cent.) is then thrown 
into the furnace imtil it is half full. A central longitudinal trench is then arranged with a 
radius of about 10} ins. The bottom of the trench » a little above the level of the 
* bottom row of carbons. The core of the furnace is introduced. The core is a cylinder of 
granulated coke, about 21 ins. diameter and 14 ft. long, and extending between the sheet 
iron plates at the ends. Finely ground coke is packed iftto the spaces between the ends 
and the pieces of sheet iron, side walls are built up another foot; the pieces of sheet 
iron am removed; and more furnace mixture is added to make up a height of about 8 ft. 
Fi^. 23 and 24 give an idea of the appearance of the furnace in Chippawa, Ontario, plant of 
the Korton Company of Worcester, Mass., where they manufacture carborundum under the 
name of ctys/olcm. The resistance of the furnace diminishes rapidly, and iA about an hour 
approximately 746 kilowatts or 1000 H.P. are being expended in heating the fiunace. In 
about 24 hours,the current is cut off, and the furnace is allowed to cool fora fewhours. The 



Fio. 24.—Carborundum Furnace in Operation. 

side walk are taken down, and the unchanged mixture raked from the top of the furnace until 
the outer crust of amorphous carborundum is exposed. Beneath the outer crust is another 
thin layer of Ught-green amorphous oarborundtun. Inside this, radiating from the core, 
is a 10 to 12>in. layer of carborundum crystals. .The core has changed into a mass of 
emphitio carbon, for the high temp, of the fiumaoe has \^latiUzed the impuritira of the coke. 
The carborundum is then crushed by levigation and siev^ 

The folloTring are typical analyaeS of first, medium and low-grade carborundum 
when the theoretical vwues ftt. SiC are 70'30 per cent, silicon, and 29'70 per cent, 
of (^bon: «. 



SI {oombtnsd) 

0 (cotnbimd) 

Fe 

il 

81 (tree) 

Os 

First 

. 80-60 

29 40 

0-09 

0-66 

0*18 

009 

Medium . 

. 87-70 

23-60 

0-86 

1-40 

— 

— 

I.OW 

. 65-31 

27-59 

0-93 

2-02 

0'56 

0*29 


The so-called carbomndum fin-sanS is s layer of carborundum mixed with partly- 
reduced sihoa. Analyses range between the limits: 

' r 810' SiO, AI,0, Fe,0, 

7S*8-8#'42 4-«4-e-80 1-46-606 •110-4'«2 


C(fEee) 

3-12-4-52 


C. 

0-23 
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According to H. Moissan, carborundum free from traces of iron is without 
oolonr; the best commercial grades are pale green, while the less pure grades 
are black. H. £. Mcrwin said that the blue crystals are pleoohroic, some 
with colours passing from light to dark blue, others from olive-green to greenish- 
blue. Some of the crystals have triangular markings and parallel strias. There 
are often spiral markings of different form, maybe 30,000 to 50,000 lines per 
inch. The crystals of carbofundum often exhibit a brilliant play of iridescent 
colours, which are attributed by W. B. Mott to a very thin film of transparent 
fused silica on the surface. The green crystals do not show the iridescence, for 
a black reflecting surface is needed to produce the effect. The iridescence is 
destroyed by hydrofluoric acid, and is restored by oxidation, or by etching with salt 
at a higher, temp. Silicon carbide occurs both amorphous and crystalhne; the 
crystalline variety first obtained by E. G. Acheson consisted of a mass of loosely aggre¬ 
gated crystab. F. J. Tone produced a dense mass of small, imperfectly developed 
crystals which had a steel-like appearance and fracture ; and which was given the 
trade-name silundum. H. Moissan obtained well-defined crystals which appeared as 
regular hexagons. F. A. J. Fitzgerald said that sometimes in hollovt places in the 
carborundum furnace, large hexagonal crystals may bo found with a side measuring 
0'5 in. B. W. Frazier said that carborundum crystals belong to the hemihedral 
division of the hexagonal system, and are characterized by the predominance of 
the basal pinacoid. Both direct and reversed rhombohedra may occur on the same 
crystals giving them the appearance of holohedral symmetry. The axial ratio 
of the ditrigonal pyramids was found by G. B. Negri to be o: c=l: 1'2265. 

B. W. Frazier obtained a similar result. F. Rinne, C. L. Burdick and E. A. Owe*, 

H. Espig, and R. N. Pease studied the X-radiogram of silicon carbide, and the latter 
found the diamond type of lattice with interatomic distances 1'92A. H. Espig 
obtained evidence of an elementary parallelepiped with o=5‘65 x 10~’ cm. 
and c=15'3xl0”* cm., and 24 molecules SiC per unit lattice. Some sug¬ 
gestions on the structure of the crystals were made by H. M. Dowsett in order to 
explain their physical properties. M. L. Huggins discussed the electronic structure 
of the silicon carbide mol. F. Becke found the corrosion figures corresponded 
with the ditrigonal pyramidal symmetry. 0. Weigel also studied the corrosfon 
figures with fused potassium carbonate and nitrate. The plane of twinnings is the 
unit rhombohedron. F. Rinne also made observations on the crystals. There is no 
distinct, cleavage. The fracture of the crystals is subconohoidal. C. L. Burdick 
and E. A. Owen found the X-radiogram of carborundum to show that the 
silicon and carbon atoms are each arranged on face-centred rhombohedral lattices*’* 
which are very nearly cubic, for o=89° 56' 10". The carborundum lattice is there¬ 
fore very neatly that of the tetrahedral diamond lattice each being constilflited of 
two interpenetrating face-centred lattices. The vol. of the elementary rlfembo- 
hedra is 20’70 xl0~2* c.c. and the mol. wt., when the at. wt. of hydtogen.is 1’64 
X10~24 grm., ig 65-5 X10“** grm. The calculated density is therefore 3'11. The 
side of the elementary rhombohedron is 4 356, and the closest approach of the 
atoms is 1’88 A. F. Rinne has made observations on this subject. R. N. Pease 
calculated 1’94 A. for the atomic radii of thd atoms in silicon carbide. 

H. Moissan gave 3'2 ‘for the ipedflc gravity ‘of silicon carbide crystals ; 

F. A. J. Fitzgerald found the sp, gr. of carborundum ranged from 3’1716 to 3'214; 
and 0. MUhlhauser found the sp. gr. to be 3’22 at 15°*, J. W. Richards, 3'126-3'8(I0 
at 20°; L. Franck, 310-3’30; and 0, Weigel gave • 

ZfT*. 100* -SS-S" IISV 

Sp. gr. . . . 3-2104 8-2086 2'2021 3-2003 

The difference, said F. A. J. Fitzgerald, is (Jetermined by the proportion of ferrous 
silicide present as an impupity. The hMflneM of carborundum lies between that (d 
the ruby and that of the diamond or between 9 and 10 on Mohs’ scale, perhaps nea^f 
10, added F. A. J. Fitzgersld,*for, althoogh carborundum is scr&tched by the &mond, 
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carborundum will scratch many varieties of the latter. 6. F. Kunz added that 
nothing definite is known about the diilerence in hardness between the units 9 and 
10 on Mohs’ seale, but there is probably as much difference between them as between 
the units 1 and 9. .1. H. Pratt ranged the following scale of decreasing hardness: 
carborundum, Georgia corundum, alundum, Chester blue-corundum, Chester emery, 
and Canadian corundum. P. J. Holmquist measured the abrasive action of 
carborundum o! different grain-size on quartz, topaz, magnetite, fluorite, and 
apatite. A. Hoenig discussed its use as an abrasive. According to T. W. Richards 
and co-workers, the compressibility of carborundum is 0-21 x 10^ ® kgrm. per 
sq. cm. between 100 and 600 atm. press., and is therefore but little greater than 
that of silicon which is 016x10“®. * 

The coefficient of thermal expansion of carborundum between 15° and 100° is 
0 00000668; between 700° and 800°, 0 00000438; between 600° and '900°, 
0 00000298; and at 1000° +15°, 0-00000436. L. E. Muller and L. Baraduc-Muller 
gave 0'0000()539 between ](X)° and 200° ; W. C. Rontgen, 0 00(XX)234 at 40° ; while 
C. A. Boeck gave 0 (XXKX)474 between 100° and 900°, and for fused alumina 0 00000866 
between 100° and 900°. A. Magnus found the coeff. of cubical expansion of 
carborundum between 0° and 25 027° to be 8 8 x lO '®. According to 0. Weigel, the 
true cubical and linear expansion coeff. parallel to the vertical axis are as follows; 



O'* 

100* 

200* 

300* 

400* 

Linear X 10* 

. 2-118 

2-666 

3-214 

3-763 

4-310 

Cubical X 10* 

6-364 

7-998 

9-642 

11-289 

12 930 


aqd he represented the length at d° by Io(l+l’062118^+0'0g2741d2). Ho also 
found for the change of the crystal angles 

, 20 7” 402” 601-5” 

30“ 24' 53" 30“ 24' 64' 30“ 24' 46" 


H. N. Potter gave 0 1857 tor the specific heat of crystalline carborundum. 
W. Nernst and F. Schwers determined the sp. ht. of carborundum below —176’5°, 
and A. S. Russell between —135° and 25°, and 0. Weigel between 0° and 1000°. 
Thq latter gave; 

273” 473" 673” 763-7” 773” 8711" 1073” 1273” K 

• Sp. ht. . . 0-140_ 0-233 0-277 0-282 0-282 0-276 0-226 0-129 

Selecting values for the mol. ht. over the whole range of temp, on the absolutft scale, 
wo obtain: 

^ .52" 68-1" 00-r," 138" 473" 673” 773° 873” 1073” 1273" 

Mol. ht. . 0-099 0-197 1-013 2-00 9-39 11-16 11-30 11-08 9 07 6-20 


Half thfi mol. ht. of carborundum, and the at. ht. of carbon and silicon are plotted 

with temp, in Fig. 25. There 
is thus a maximum value in the 
sp. ht. of carborundum in the 
vicinity of 447° or 720° K. A. 
Magnus found that the additive 
rule holds-fairly well at ordinary 
tern])., and he represented the 
thermal capacity between 0° and 
r by Q= 0-15524fl -f 1-9807 

X 10-®fl2 - 1-0666 X 10-7fl3_ 
Fro. 25. —Atomic Heats of Carbon and Silicon, and 4-264 X 10^^^o4-|-6*551 X 10”"f*8®. 
Half the Molecular Heat of Carborundum at Different Q. Weigel also calculated the 
Temperatures. energy of carborundum at 

different temp, and estimated it to be 2000 cals, at 0° K., falling to about 700 cals, 
at 700° K. 0. Weigel estimated the melting point to be near 2227°, or 2500° K., and 
fieuco, from J. W. Richard’s formula: heat ol lnsion=l-06fiT„ or 6250 cals.. Or 
from E. Qrttneison’s formula heat of fu8ion=0-96R7'„ or 4600 cals. B,. Tiedc and 
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E. Birnbrauer gave 1650° for the temp, at which vapour is given off. B. 8. Hutton 
and J. B. Beard found the thermal (xmdnotivit; of white Calais sand between 20° 
and 100° was O'OOOOO;, that of finp carborundum, O'OOOSO; and that of coarse 
carborundum 0 00051 cal. per em. cube per °C. pet sec.; and 0.8. Beecher repotted 
the thermal conductivity of carborundum bricks to be 0 0150 cal. F. A. J. Fitz¬ 
gerald found that carborundum at 436° transmits 79 per eent. mote heat than fused 
alumina, and 117 per cent, more than silica; while 8. Wologdine gave for the 
conductivity at 1000°, in gram cals, per cm. cube per °C. per see., of bricks made 
from 

CarboruQtlum Magnosla Chrome Clay Billca 

Couductiyty . . 0*0231 0 0071 0 0067 0*0042 0 0020 

According tg F. Becke, the double refraction of carborundum is positive, and the 
inddx of refraction for Na-light is to=2'786, and «=2-832; L. E. Jewell gave 
0)=2'72 for the red and 3 4 for the violet, and for c=-2’80 and 3'80 respectively. 
H. E. Merwin found the indices of refraction for light of wave-length A to bo 

A . .768 728 671 635 468 422 416/ij< 

0) . . 2-616 2-622 2-633 2-676 2-713 2-763 2-767 

t . . 2-664 2-660 2-673 2-721 2-763 2-808 2-812 


0. Weigel represented his observations on to by 0-83921-|-6'70990A(A*— lOl^)' !, 
with good results. He also measured values of e and to, and found the effect of temp, 
onto to be for A=455-4u/i, 2 -71255(l-f0-0423210e-f0-07ll237d2); for A=493-4p.#i, 
2-68751(1 -f 0-0421699d-b 0-0,1007382) ; for A = 653-6/i/t, 2-65921(10 04206898 
-f-0-08806382); for A=614-2/ift, 2-63915(l-f0-O4200608-f0 08783182); lor A=649-7ji/4, 
2-63013(l-b0 0420038-|-0'08724182). 0. Weigel discussed the vibration-frequency 
of carborundum, and he showed that when a clear, cdlourless carborundum 
crystal is heated to redness, it acquires a deep greenish-yellow colour, and again 
becomes colourless when the crystal has cooled down to its former temp. This 
behaviour indicates that considerable changes occur in the absorption spectrum as 
the temp, changes. The following is a selection from 0. Weigel’s measurements 
of the transparency and the extinction coefficients for different wave-lengths at 
different temp.: 


{ Wave length, A 
Tiansparency 
Extinction . 

( Wave lengtii, A 
Transparency 
Extinction . 
j Wave-length, A 
416*3® ^Transparency 
(Extihet^n . 

{ Wave-length, A 
Transpfi^ncy 
Extinction . 

{ Wave-length 
Transp^noy* 
Extinction . 


417-3 

429*0 

446-4 

604-4 

620-6 

701-8U/1 

0-376 

0*609 

0-606 

0621 

0-676 

0-430 

0-177 

0*0686 

0-0137 

0-0029 

0-0363 

0-144 

423-2 

438’S 

446-4 

604-4 

620-6 

713-4UU 

0-314 

0*466 

0-678 

0-696 

0-683 

o-«5. 

0-242 

0*100 

0-0234 

0-018 

0-031 

0-141 

429-0 

440*5 

462-2 

604-4 

620-8 , 

713-4,1,1 

0-226 

0*361 

0-638 

0-691 

0-671.- 

0-436 

0-358 

0*190 

0-0468 

0-0172 

0-381 

0-136 

462-2 

463*8 

476-4 

487-0 

662-6 • 

713-4,i,x 

0-0734 

0*196 

0-366 

0-601 

0-687 

0-440 

0-763 

0*410 

0-195 

0-072 

0-0198 

0-124 

487-0 

492-8 

498-6 

604-4* 

610-2 

616,1,1 

0-127 

0*170 

0-263 

0-310 

0-387 

0-462 

0-662 

0*461 

0-304 

0-234 

0-166 

0-109 


W. W. Coblenia measured the ultra-red reflection* spectrum of carborandum, and 
said t^t it is the most remarkable one yet discovert. I^emains fairly coffltant 
up to 9/i, and then drops abruptly to a low value at about lO/t, and then attains an 
abnormally high value at beyondr 13/i, as shown in- 26. C. Schaefer and 
M. Thomas studied the ultra-red absorption spectrum of silcon carbide. 

At ordinary temp., the electrical (X^uotivity of carborundum is very low. 
being much less than that of carbon: fhe conductivity increases rapidly as the 
temp, rises, for the temp, coeff. of the ^cliical resistance is large and negatiye. 
0. W. Ketce and B. D. Evanp slewed that colitaot difficulties prevent aoettrate 

vot.. V. ’Si. 
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deionoinations of the conductivity of the crystalline materials. The Carborundum 
Co. give for the sp, resistance, R, of the dense crystalhne material in ohms per cm, 
cube: • 

26* 100“ * 200* 40'J* 600* 800* 1000* 1200“ 1400“ 

R . . 60 46-4 30-9 26-6 14-6 7'8 3'7 1’3 0-66 


The values of 0, Weigel are plotted in Fig. 27. The effects of alternating and 




Fig. 26. —^Ultra-red Absorption 
Spectrum of Carborundum. 


Fig. 27.— The Effect of Temperature 
on the Electrical Resistance of 
Carborundum. 


direct currents at 14'7° to 15'5° and different voltages on the resistance in ohms are 
as follow: 

Voltage . 0036 0-384 0840 1-690 6 68 8-10 12-2 31-3 

I, (Direct . 14390 13629 13148 10243 9011 7613 6420 6873 

^lAltemating 8018 8116 8140 8116 8061 8018 7921 7921 

The resistivity varies with the porosity and chemical composition, when the material 
is bonded'into bricks with clay, the sp. resistance is much higher, being 

-ir," 200" 410" nno" 7oi)" soo" iioo i-2o«" 

«X10‘ . . 28-4 27-0 7-0 260 2-8 2-4 0 16 004 

F. A. J. Fitzgerald has made analogous observations. 6. W. Pierce and R. D. Evans 
found the electrostatic capacity of carborundum to be 0-006-0-022 microfarads; 
the existence of capacity was attributed to the existence of numerous alter¬ 
nating conducting and insulating strata within the crystal. The action of the 
carborundum as a detector for electric waves and as a rectifier for electric currents 
is independent of its action as a condenser; but it will detect electric waves or rectify 
only, provided contact is made to one or more of the conducting strata. It may detect 
'etectric waves with an adjustment that shows no capacity by the present method 
of measuring capacity. On the other hand, with every adjustment at which there 
was capfiwty, there was also a rectification and a detection of the electric waves. 
H. M. Dowsett measured the rectification effect of carborundum, and he found that 
the crystals act as normal conductors with a few hundred ohms’ resistance for currents 
flowing parallel to the crystal faces, whereas at right angles to these directions, 
an e.m.f. has to be applied to force an elastic opening into the path or paths parallel 
to that crystal face; this opening has a high resistance—of the order 20,000-250,000 
ohms—until its elastic limit is exceeded. The crystals of'green carborundum find 
it easier to receive than to give up electrons, and conversely with the crystals of 
black carborundum. According to H. -8. Roberts and L. H. Adams, in wireless 
teleJAiphy, the inducted alternating currents are of such high frequency that if the 
diaphragm of a telephone c6uld be made to vibrate in unison, the sound would be 
so shrill as to be beyond the range of the human ear. To make them audible, the 
waves must either be broken up into like groups or trains which follow one anothw 
at an audible frequency as in wireless telepaphy, or modulated so that their ampli¬ 
tude varies in time with an audible vibration as in wirel^ telephoiy. In either 
case they remain high-frequenoy electromagnetic waves. In the receiving apparatus 
the^dgh-frequency e.m.f. is imprSssed on a circuit .whoso function is to distort the 
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alternating current wave so that more current flows in one mrecHou luan another. 
The distorted wave then behaves as if it were the sum of a high-freqjienoy alter¬ 
nating current and a direct current, sf which only the latter is capable of actuating 
the telephone receiver. The ideal detector would allow current to pass in one direction 
only, and it is therefore an electrical rectifier. The crystal detector consists of a 
small area of contact between two suitable conductors at least one of which is a 
crystal; it operates in virtue of the fact that the current flowing through such a 
contact is not proportional to the c.m.f. driving it. The effect with carborundum 
is illustrated by Pig. 28, where the current in up 
millionths of an amphre is plotted against the 
potential difference in volts between the fusible g 
metal in .which the crystal carborundum was .§ 
mounted and the spring contact against one of the I" 
corners of the crystal. The subject has also been § 
discussed by H. M. Dowsett, and F. Luchsinger. ^ so 
Carbon silicide is not magnetic. The magnetic 
properties of commercial carborundum depend on 
the ferruginous impurities in the crystals. Medium 
grades of carborundum show from .'5 to 10 per 
cent, of grains are susceptible to a magnet. 

Carborundum is highly resistant to chemical action. There is little or no action 
when carborundum is heated in hydrogen. Similar results were obtained with 
nitrogen or carbon monoxide. According to H. Moissan, and h. B. Muller and 
L. H. Baraduc, carborundum is not altered at 1000“, in oxygen, but between 1000° 
and 1350°, it is slightly oxidized in air ; betweei\ 1.3.50° and 15TO°, the silica which is 
formed is fused ; between 1500° and 1600°, oxidation is much retarde<l by tjic fused 
silica coating ; and at 1750°, oxidation proceeds quickly. The vap. of water and 
carbon dioxide become active only at their dissociation temp., 1775°-1800°. At 
600°, carborundum is but superficially attacked by chlorine in IJ hrs., but 
at 1200°, decomposition is complete. At 900°, the reaction furnishes silicon tetra¬ 
chloride and carbon ; at 1000° to 1100°, both carbon and silicon tetrachlorides are 
formed. Boiling hydrochloric acid, hydrofluoric acid, or a mixture of nw^o- 
hydrated nitric acid and hydrofluoric acid, which attacks silicon very readily, is with¬ 
out action on carborundum. The vap. of sulphur does not attack carborundum at 
1000°, and boiling sulphuric acid has no action. Carborundum is attacked ener¬ 
getically by silica at 2000°-2500°, forming silicon. M. Wunder and B. jeannerot 
found that when carborundum is heated for 3 hrs. with phosphoric UCid of sp. gnr • 
1 -75, at 230°, a syrupy liquid and a gelatinous precipitate are formed ; .any carbon 
present remains undissolved. 0. Muhlhauser, and B. Neumann found*that it 
forms a metal silicide with copper oxide at 800° ; with iron or nickel okide at 
1300° ; with mlmganese oxide at 1360° ; and with chromic oxide at. 1370°. 
Carborundum does not attack platinum over an ordinary Bunsen burner, 
but the metal is attacked if it be heated over a blast-flame. Fused potassium 
hydroxide gradually disintegrates and slowly dissolves car'borundum, forming 
potassium carbonate -and. silicate; carbofundum is abo decomposed by fused 
potassium carbonate. 0. Weigel gave for. the alction of sodium carbonate: 
CSi-l- 3 Na 2 C 08 =Na 2 Si 03 -l- 2 Na 20 -f- 4 C 0 . Ogrborundum is decomposed by fused 
aiimii sulphates, fused borax, or fused cryolite ; Snd it is attacked by calcinm 
oxide or magnesium oxide at 1000°. Fused potassiunf chtorate and fused 
potassium nitrate have no action. .Carborundum is stacked by st^um silioate 
at 1300°, and the attack is speciallv active in the presence of oxidizing gases or 
oxidizing salts. Carborundum is slowly but completely oxidized by fu^d lead 
chromate l and when heated with a mixture of potassium dichromate and lead 
chromate, the reaction is explosive. 

According to P. Schiitienberger and A. Colson, wlien.cry8tallujd silicon is heat^ alnWl 
to whiteness in a porcelain tuoe in an sAm. of carbon diozide^ the latter is absorbedi with 
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formation of a greenish-white mass, which may be freed from silicon by washing wi^ 
hot« moderately cone, potash. The residue is then treated with hydrofluoric acid» which 
dissolvM out silica, leaving a greenish powder, insoluble in boiling soln. of the alkidies, mid 
not attacked by any acids. It has a composition corresponding with Silicon oxyearbide, 
(SiCO)^, and is formed in accordance with the equation 3Si+2C02=Si0«4-28iC0. When 
heat^ in oxygen, it yields only a trace of carbon dioxide, but is oxidized with incan¬ 
descence when heated with litharge or a mixture of litharge and lead chromate. By passing 
hydrogen gas mixed with benzene vfp., or ethylene over silicon heated to bright redness, 
A. Ckilson obtained a mixture of silicon dicarbide, SiCgt^SillCOn dloxyearbldo, SiCO^, and 
sllicoh trloxycarblde, SiCO,; and he obtained sllleoQ oxydlcarblde, SLCsO, by heating 
silicon 8 ulx>hocarbide, 814048 , in oxygen, or by the action of carbon dioxide on heated 
silicon. He foimd that when powdered silicon is placed in a gas-carbon crucible lined with 
compressed lampblack, and this, in turn, is placed inside a brasqued crucible mid heated to 
whitened, a regulus containing silicon oxycarbide is formed. The regulus is^detsched, freed 
from adhering charcoal, powdered, and purified by treatment with potash and.hydrofluoric 
acid. The bottle-greon powder thus obtained is silicon dloxytrlearbldo, Si^CgOj. Prolonged 
' action of oxygen at a red heat gradually removes the excess of carbon. If a mixture of some¬ 
what thick iron wire with lampblack and silica be similarly treated, a crystalline slUcon 
hexaferrooarblde, Fe,SigC (sp. gr.«= 6 ’ 6 ), is formed. This compound is formed only after 
prolonged heating at a very high temp. There is nothing to show if these oxyoarbldes, or 
carboxldes, are not simply mixtures of silicon, silica, and silicon carbide. E. Q. Acheson 
noted their presence in the zone of the so-called amorphous carborundum in the electric 
furnace. In fact, this form of amorphous carborundum appears to be incompletely reduced 
silica, and is regarded os a solid soln. of silicon carbide in silica. A similar product with a 
folt-like structure was made by F. J. Tone. E. O. Acheson gave the material the trade-name 
ailixicon; its composition ranges from SigCjO to Si^C^O. The general formula is (8iC)«0, 
where n varies from 1 to 7. The higher the temp, of formation, the grfater the value of n. 
These oxycarbidos oxidize more easily than carborundum when used as furnace linings: 
(SiC)„0-j-i(4n-l)0.=nSi0|-j-nC0g. It is analogous to the carborundum fire-sand. It has 
faoen describeil by G. Krell, P. E. Spielmann, N. Heym, F. Bdlling, R. Amberg, etc. In 1894, 
0 . Muhlhlluser noted the presence of a fibrous material in the manufacture of carborundum 
and assumed its compdisition to be AlSigC?; and in 1897, G. A. Kohn made a similar obser¬ 
vation, but regarded the material as finely divided carborundum. According to E. Wein- 
traub, when ^icon is heated in a graphite crucible at 1400'^-1600'^, a smcdl quantity of 
calcium fluoride being present, the crucible becomes filled in a few hours with a fibrous 
mass of silicon oxycarbide. After breaking away the slag and reheating, a further quantity 
may be obtained. This material, known as fihroxt is made up of very fine, amorphous 
threads, sometimes carrying minute beads of vitreous silica. It is formed by reactions in 
the^state of vap., and experiments in an electric furnace show that the presence of earbon 
dioxide is nocessai-y. The sp. gr. varies from 1*84 to 2*2, increasing with the percentage of 
silicon. The apparent sp. gr. of the fibrous mass is only 0‘0025-0'0030, or 2'6-3'0 grms. 
per litre. The thermal resistance in the ^oosely packed condition is very high, but dimin¬ 
ishes with rising temp. Thus, the resistivity in ohms is 4190 at 100'^; 3300 at 200° ; 
2285 at 300°; and 2196 at 500°. Fibrox is not hygi'oscopio and is permanent in 
air ; above 1000°, it oxidizes slowly and is transformed Into silica. It is a relatively good 
oleotrical conductor, and its conductivity increases mth compression, and it also depends 
on the carbon content. For monox, see silicon monoxide. 


Acceftrding to L. Franck,^ carbon unites with titanium in all proportions, forming 
crystalline carbides. P. W. Sbimer isolated titaxiium carbide,* TiO, in minute, 
metal-Hke, cubic crystals from the residue left on dissolving 250 grms. of pig-iron 
in dil. hydrochloric acid. H. Moissan prepared this carbide by heating a mixture of 
titanic oxide (160 parts) and carbon (70parts) in an electric arc furnace for lOmin., 
TiOs"|~2C=TiC-f C02- F. M. Becket obtained the carbide, by a similar process. 
H. Moissan obtained titanium carbide by heating titanic oxide with calcium carbide. 
The carbide occurs in fused masses ^¥ith a crystalline fracture, or in crystal aggre- 
g^l^. There is always a slight exceSs of carbon which has crystalliz^ from the 
fused mass as graphite. The graphite retains tenaciously traces of titanium. 
K. Niachk studied the formation of titanium carbide. P. W. Shimer gave 6‘1 for 
the sp. gr. of titanium carbide, and H. Moisskn, 4-25. W. R. Mott gave 4300'* for 
the b.p. of titanium carbide at 760 mm. P. W. Shimer said that titanium carbide 
is soluble in nitric acid; H. Moissan ^id that, unlike titanium, the carbide is not 
attacked by hydrochloric acid; but it is slowly attacked by aqua regia. The vap. 
tof water has no action at 600°. The reactions of the carbide resemble closely those 
of titanium, but the carbide burns more easily in, oxygen, for it ignites at a dull red 
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hMt, and the evolution of heat causes the mass to become incandescent. When 
the powder is sprinkled in a Bunsen’s flame, it furnishes sparks more vivid than those 
obtained with titanium. . 

According to J. J Berzelius,3 zirconium carbide is formed when zirconium is 
prepared by reducing a zirconium compound with potossium containing carbon. 
It resembles zirconium in appearance; it dissolves in hydrofluoric acid, leaving a 
residue of carbon; with boi^ng hydrocbloric acid it evolves hydrogen and some 
hydrocarbons; and when burnt it forms zirconia, which is not perfectly white 
because a portion of the carbon escapes combustion. L. Troost made a product 
with 77-6 percent, of Zr, namely, zirconium dioarbide, ZHl., by heating an intimate 
mixture of zirconia and sugar charcoal in an electric furnace. It is not clear whether 
the producp is a chemical individual or a mixture. It is readily attacked by dil. or 
conc.'hydrofluotic acid, but not by other acids; L. Renaux made zirconium carbide 
from a mixture of zircon and calcium carbhle ; and E. Wedekind, from a mixture 
of zircon, carbon, and lime. According to H. Moissan and M, Lengfeld, zirconium 
dioarbide is obtained by heating to a high temp, in an electric arc furnace, a 
mixture of zirconia and sugar charcoal. W. R. Mott gave .'il00° for tlio h.p. of 
zirconium carbide at 760 mm. This carbide, said H. Moissan, has a grey iiolour 
and a metallic lustre, scratches quartz but not rubies, and is not attacked by dry or 
moist air even at 100°. It burns in fluorine in the. cold, inohlorincat 250“, in bromine 
at 300°, and in iodine at about 400°, and it is readily attacked by halogen hyilrae.ids. 
At a dull red boat, it burns brilliantly in oxygen, and is slightly attacked by 
sulphur vap. at the same temp. Water, ammonia, and hydrochloric acid do not 
attack the carbide even when strongly heated. Nitric and sulphuric acids attack 
it, and oxidizing agents such as potassium chlorate, nitrate, or permanganate. Its 
well as the hydroxide, decompose it readily, but fused potassium cyanide is without 
action. • 

No germanium carbide has been reported. L. M. Dennis * and co-workers failed 
to obtain one by heating a mixture of carbon and finely powdered germanium up 
to the temp, at which the metal volatilized. 0. Ruff and B. Bergdahl found that 
tin dissolves only traces of carbon, while lead dissolves 0 024 per cent, at 1170°, and 
0’094 per cent, at 1555°. According to H. Moissan, tin does not unite with carbon ; 
when stannic oxide is heated with calcium carbide, the metal is produced but no 
tin carbide is formed. He likewise failed to prepare lead carbide. According to 
J. P. Durand, calcium carbide precipitates impure lead carbide, PbOj, from a soln. 
of normal lead acetate. The greyish powder is stable in air and water, but it 
gives acetylene when treated with dil. hydrochloric acid—awfe the action of 
carbon on lead. 

The carbide of cerium has been described in connection with the rari! ea{th metal 
carbides— vide supra. L. Troost ® found that a mixture of thoria and sugar oi%rcoal in 
the electric arc furnace furnishes thorioffl dicubide, ThC 2 , more readily than does zir- 
oonia. H. Moissan and A. l5tard prepared it in a similar manner; and B. Kunheim, by 
heating a mixture of thorium sulphate and retort carbon in the electric arc. Accord¬ 
ing to H. Moissan and A. Btard, thorium carbide forms a homogeneous mass possess¬ 
ing a crystalline fracture.. It consists of small, transparent, yellow crystals mixed 
with some graphite laminte; its sp. gr. is 8-96 at 18°’; L. Troost gave 10'16 at 16°, 
and he found that the product is not so harj as zirconium carbide, but it is brittle 
and scratches glass slightly. W. R. Mott gave 6000°*for the b.p. of thorium carbide 
at 780 mm. H. Moissan and A. fitard said that thorium cagbide closely tcsedlbles 
yttrium carbide in its properties. When exposed to’moist air, thorium carbide 
slowly decomposes with intumescence. When heated tn air, it readily bums with 
incandescence. It is decomposed by cold water giving off a mixture of gases 
containing , 

r,,H, C,H. , OH. H, 

Per cent. . . . 47'6 6-8 29-4 IVL 

and some liquid and solid’ hydsocajbons. P. Debeau and A. Damiens obtained 
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from thorium carbide and water a mixture of gases similar to those obtained 
from uranium carbide, excepting that more acetylene homologues and less 
methane were present. H. Moissan and <A. Etard found that sulphur vap. 
attacks heated thorium carbide with incandescence; selenium vap. acts in 
a similar way. In the one case, thorium sulphide, and, in the other case, 
thorium selenide are formed. With hydrogen sulphide at a red heat, the 
reaction proceeds slowly without -incandescence. Hydrogen chloride attacks the 
carbide at a dull red heat with incandescence. Cone, acids have but little action, 
while dil. acids rapidly attack the carbide. When heated to about 500° in ammonia 
gas, thorium carbide furnishes hydrogen and thorium nitride. Fused potassium 
hydroxide, potassium chlorate, or potassium nitrate decomposes the-carbide with 
incandescence. L. Troostsaid that if a mixture of thorium carbide and an excess 
of thoriuin oxide is heated in the electric arc furnace, it furnishes small metallic 
masses which do not alter in air. B. Kuilheim confirmed many of these observations. 


kefebgnobs. 

790 i’san ^®p 0. M. Desprete, Compl. Bend.. 29. 

IS. itoi “d A Colson, .6., 92. 1608, 1881; P. Schntzenberger, .'h., 114. 

laao’ Aoc. Chim., (2), 38. 56. 1882; Compt. Bend., 94. 1316, 1526, 

1882; M. Wunder and B. Jeannerct, tt., 162. 1770, 1911; H. Moissan ib 117 423 425 1891 . 
20 1303. 1893; 126. 839, 1807; 140. 40.5, 1905; 'buII. Oh^Ta)XmATu Z; 
tfedrn/«s, Paris, 1897 ; London, 263,1904; Ann. Chim. Phya., (7), 9, 289,1896 ; A. S. Russell 
P/ijis. Z«(., 13. 62, 1912; K. Nischk, Zeil. EkHrochem., 29. 273, 1923; R. S. Marsden, Proc'. 
Boy. Hoc., 11 20, 1881; A Lampen, Jmrn. Amer. Chem. Soe., 28. 846,1906; S. A. Tucker and 

22. 706, 1900; J. A. Matthews, School Mines 
ijuarl., 8. In, 1894; h. J. Tone, Amer. Iron Aae, 63. 6. 1899- US Pal Nos 911124 1009 . 
IM^’1 *'1‘*80™1'1. Cortonindam, Hatie a 1’ 

iSlo. 129, 1912 ; Jonrn. Franklin Inst, 143. 81, 1897 ; V.S. Pal. Nos 

650234, 660235, 1900 ; Brtl. Pat No. 5242, 1900 ; E. G. Acheson U S Pal Nos 492767 1891 • 

lM3^”BrirkfT®*’l7mViailf^®i’oi)f®‘ 718891, 718892, 1903! '722792, 722793, 72363L 
1M3, Bn1.1a(.iVM. 17911, 1892; 12221,18339, 1894; 11473, 1896; Chem. News, 68.179, 
1893 ; Jmrn FranUin Inst 136. 194, 279, 1893; 166, 466, 1903 ; B. W. Frazier, i6 .. 136, 287 
®m’ aii; -• ■Sof- Ohem. M., 16. 863, 1897; P. E. Spielmann, ib.. 24. 664, 1906 

CJeirf Sec,. 16. 411, 1893; Zed. ami. Cheat, 32. 664, 1893; C. L. Burdick and E. A. Owen, ib., 

*2. 7, 116, 1894; J. W. Richards, 
Amer. Mehtrockem.^Soc., 2. 51, 1902; Journ. Franklin Inst., 136. 37, 116, 178, 1893 • 

•*>.. 32. 1104, 1908; R. S. Hutton 
®i’o J®*J®oi S"-. 1- 1. 1906; R. 8. Hutton and 

lisM ’ *®®31 ll- Mizter, Amer. Journ. Science, (4), 24. 130, 

' if mo?’ p 1396 i Trans. Amer. Eleclrochcm. Soc., K. 

w '®M^ 1 ri' *31® • *'• **“1'®’ A'rj'*!-. 24. 637, 1806; G. B. Negri, 

stk^Kkin’li' 4 «r’ fSi 7 ®®’i, ®‘i ®' A»*»- Physik, (4), 70. .303, 1923 ; L. Franck, 

fsTlM a®’3. 113, 1896; N. Heym, it., 

rS'«.*®l 7 iKQi ^*1®“??’ ^*y*’*- 12- 330. 1923; G, Krell, Zeit. angew. 

CfeM.,17. 691. 1904 ; 0. Weigel, 06«.A<«;kr., 264, 320, 1916; W. W. Cohlentz, Invesligedions 

M 487 ’loe’i u Adams Amer M.n„7. 131, 1922; F. Luohsinger, Phys. Zeit., 

Sko ;*??*’ ?-,?-,?®®®®'-^°“"*-‘l">«>-.CAem.5oc.,44.1497,1922; M,L.HugaiM. it 44 1843 
iao?* “"'1.®’ “-CowK UB. Pat No. 31S946.1885; J. W, Richards,cfili. itos?76.«| 
sif 1912. TZ"’ *'*’®'B7*t®l**A*®*^= W.C.R6ntgen. Silrber. Akad. UhnclLn, 

Mil’w® emPinSiT 1***®®®- *999! ““2®' ®»d L. Baraduo- 

Mullm, *6'- 210H6, 1W6 ; to. Mils, 8- 700, 1909; Le carborundum, Paris, 1908; Proc. Soe 

*®'418'uf’lflfi® ‘ <7*«6-.86-95,1909; G.Tammann, 

UM ions!’ ti®H ^■^^Temrn.O^m. Soc., 93. 2101, 1909; H. C. Greenwood, it., 93. 
1*33, 1 W 8 , H. HMemann, Ueber du Beduktion von Silieium aus Tiegelmater durdh aeschmd. 

toi *i*Mi 921 * *!?■/■ Q"8®r®r‘‘«h, Messager Direction Oin. Ind. Mil. 

U ai'mi . F kAe®’ 1998! C. A. Boeck.rre7w. Amer. Cer. Soc., 

'18 smubtelis “®- 199-1»19 i H. M. Dowsett, Badio. to., 2. 

16211 - Wot 9*®' *9*1' I'- ®- S«ondem, Trans. Amer. 

a)E,642.192 . jj|^a.87,»12: H. N. Potter, «t., 11.263.1907; 12.202,1907; W. R. Mott, it., 

®‘‘**IS\907 1 »• ^ “ao 1*^4 **• ’*99. 1»22: C. L. Burdick and 

a^oieem *6-. 8®- ^ ^^® ®‘™hnraw, Z«i«. anorg. Chem., St. 129, 1914; 

JJ, A* ® 



CARBON 88T 

» i SUKkhdm, 44. 486, 1022; T. W. BiohnnU, W. N. Stall, and 

r. N. Brink, The CompreesU)Uitie$ of the JSletnenU and their Periodic Relatione, Washington, 40, 
1007; F. Rinne, Ber. Sdche. Qee. IfiM., 67. 303, 1915; News Jahrb. Min., ii. 20, 1897; 
a Wologdine, Electrochem. Met. Engg., 7.*383, 1909; L. K. Jewell, Mineral ind., W. 163, 1907 ; 
H. E. Merwin, Joum. WaekingUm A^. Scienees, 1. 446,1917 ; O. W. Piero© and R. 1). Evans, 
Proc. Amr. Acad., 47. 793, 1912; R. Ambetg, Zeit. Elektrochem., 16. 725, 1909 ; 0. 8. Buokner. 
Joutn. Amer. Cer. Soc., 7. 19, 1921; A. Haonig, Emery and the Emery Iniwtry, London, 1912. 
I am indebted to Mr. F. A. J. Fitzgerald for the photographs from which Figs. 22 and 23 were 
made. • 

• L. Franck, Stahl Risen, 17. 449, 1897; K. Nisohk, Zeit. KUhrochem., 89. 373, 1923; 
P. W. Shimer, Proe. Roy. Soc., 42. 89,1887 ; Chem. Nem, 55.160,1887 ; F. M. Becket, U.S. Pat, 
No. 910894, 1909; Electrochem. Ind., 1. 123, 1909; H. Moissan, Bull. Soc. Chim., (3). 18. 13, 
969, 1895; Ann. Chim. Phys., (7), 9. 229, 1899; Compt. Rcml., 120. 290, 1895; 125. 8,39, 
1897 ; W. R, Mott, Tro»w. Amer. Electrochem. Soc., 34. 266,1918. 

• J. J..BerzeliuB, Journ., 21. 40, 1817; Awn. Chim. Phys., (2), 29. 3.37, 1826; 

Pog§. Ann,, 4. 117,1825; L. Trooat, Compt. Rend., 116. 1227, 1893 ; H. Moissan and M. I^eng* 
feld, ib., 122. 651, 1896; Bull. Soc. Chm., (3), 16. 1275, 1896; H. Moissan, »6.. (3), 11. 863, 
1893; Compt. Rend., 116.1222,1893 ; L. Itenanx, ContribxUxonal'itude de Iti zircom, Vincennes, 
1900}. F. P. Venable and R. 0. Deitz, Journ. Elisha MUrhell Scient. Soc., 88, 74, 1922; 
C. R. Bohm, Chem. Ztg., 31. 985, 1907 ; E. Wedekind, ib., 31. 654, 1007 ; Zeit. annty. Chem., 
83. 81, 1903; W. R. Mott, Trans. Amer. Electrochem. Stx;., W. 265, 1918. 

* H. Moissan, Compt. Rend., 125. 840, 1898; J. F. Durand, ib., 177. 693, 1923 ; 0. Itull and 
B. Bergdahl, Zeit. aiwrg. Ghent., 106. 76,1919 ; L. M. Dennis, K. M. Tresslor, and F. R. Uance, 
Joum. Amer.Chem. Soc., 46, 2033, 1923. 

* L. Troost, Compt. Rend., 116. 122lh 1893 ; H. Moissan, t7>., 119. 16, 1894 ; P. I^ebeau and 
A. Damiens, »6., 156. 1987, 1913; H. Moissan and A. Elard, ib., 122. 676, 1896; Ann. Chim. 
Phys., (7), 12. 427, 1897 ; E. Kunheim, Ueber die Einwirkutuf de..H hichtbogens auf (Jemisehe w» 
Svlfaten mil Kokle, Berlin, 1900 ; W. R. Molt, Trans. Amer. Electrochem. Soc., 84. 266, 1918. 


§ 19. Carbides of the Nitrogeo, Vanadiam, and Chromium Families of 
Elements 

Cyanogen, C 2 N 2 , and paracyanogen represent the binary combination ot carbon 
and nitrogen, niirogen carbide or carimn nitride.; and hydrogen cyanide, HCN, is 
the hydrogen derivative. 

E. de Mahler * found that the solu. of the halides of the metalloids .react 
quantitatively with G. I. lotsitsch’s halides of magnesium carbide to form a carbide 
of the metalloid. For example, phosphorus tricarbide, PC 3 , or P 2 C,, was formed as 
a yellowish-white amorphous precipitate, 2 PCl 3 -|- 3 C 2 Mg 2 l 2 ~P 2 C 8 -h 3 Mgl 2 -l- 3 MgCl 2 , 
insoluble in ordinary solvents, and not attacked by acids or alkalies. It takes fire 
when slightly heated and burns to phosphorus pentoxide without liberating carbjn. 
The corresponding arsenic tricarbide, AsCs, or AsjC,, was similarly obtained as a 
brown amorphous precipitate with properties resembling the phosptierus com¬ 
pound. It explodes when warmed or rubbed, with the liberation of draonio and 
carbon. H. Moissan failed to make hismulh carbide, by the action of calcir .n carbide 
on the oxide. 0. Ruff and B. Bergdahl found that arsenic and bismuth dissolve 
only traces of carbon ; antimony dissolves 0 033 per cent, at 1055°, and 0 094 per 
cent, at 1327°. No arUimony carbide has been made. * 

H. Moissan 2 prepare^ vsmadium carbide, VO, by heating the oxide with carbon 
in the electric furnace. The crystalline massjias a sp. gr. 5 30 ; it scratches quartz, 
and fuses at a higher temp, than molybdenum. W. R. Mott gave 3900° for the b.p. 
of vanadium carbide at 760 mm. When heatedfto dull redness in oxygqn the , 
carbide burns with incandescence; it is not attacked by water at a dull red heat; it 
becomes incandescent in chlorine at 600°; it is not attacked by hydrogen chloride 
or sulphide at a dull red heat; it Joes not unite with sulphur vap. at the softening 
temp, of glass; and it is not attacked by hydrochloric or sulphuric acid. When 
heated to redness in nitrogen, or ammonia, the carbide forms the metal nitride; it 
is attacked in the cold by nitric acid; and when melted with potassium chlorate ot 
nitoate. . • 

A Joly* heated potasriom'columbate with sugar chaVcoal and dry potasmum 
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carbonate in a carbon crucible to the m.p. of nickel, and purified the product by 
digesting it at ordinary temp, in cone, sulphuric acid; then at 60°-fi0° with 1:1 
sulphuric acid; and finally washing thoroughly with water. The dark-blue, acicular 
crystals had a composition corresponding with colambium carbide, CbC. He also 
obtained a carbide by similarly treating columbite from Greenland. H. Moissan 
observed that carbon is slowly absorbed by molten columbium, and he made the car¬ 
bide by reducing columbium pentoxide with carbon in the electric furnace. Similar 
products were prepared by A. Larsson, and W. von Bolton. The product is very 
hard; scratches glass and quartz; and is not attacked by acids excepting sul¬ 
phuric and hydrofluoric acids. W. B. Mott gave 4300° for the b.p. at 760 mm. 

A. Joly, H. Moissan, and W. von Bolton prepared tantalum carbide, TaC, in a 
similar manner. It resembles columbium carbide in its properties. W. R. Mott 
gave 5600° for the b.p. at 760 mm. 

According to H. St. C. Deville,^ a compound of chromium and carbon is formed 
when chromium is reduced from the oxide by an excess of carbon; and 
H. St. C. Deville and H. Debray made observations to the same effect. W. Hempel 
and P. RucktSschcl made alloys of chromium with 2 23 per cent, of carbon. Accord¬ 
ing to H. Moissan, chromium readily dissolves carbon at a high temp., forming two 
carbides, Cr 4 C and Cr 3 C 2 ; at still higher temp, relatively large amounts of carbon 
are dissolved, and these are rejected on cooling in the form of graphite lamell®. He 
made chromium ditritacarbide, CrsCj, by heating in an electric furnace a mixture of 
chromium and an excess of carbon. The same product was obtained by heating 
a mixture of chromic oxide and calcium carbide. The lamellar or acicular crystals 
havp a sp. gr. 6'47 and scratch quartz and topaz. The carbide is stable at a high 
temp. 0. Ruff and T. Poehr gave 6'683 for. the sp. gr. at 21‘3°/4°, and 1890 ± 10° 
for the m.p. W. R. Mott gave 3800° for the b.p. of chromium carbide at 760 mm. 
The carbide is not attacked by water at ordinary temp, or at 100°; it is not attacked 
by cone, hydrochloric acid, but is slowly attacked by the dil. acid; it is not attacked 
by ordinary or fuming nitric acid or by aqua regia; it is slightly attacked by fused 
potassium hydroxide; and it is readily attacked by fused potassium nitrate. 

0. Ruff and T. Foehr found it is decompo.sed by chlorine at a red heat, and when 
molte'n it reduces magnesia, alumina, and zirconia. H. Moissan sometimes found 
red^sh-brown needles on the surface of ingots of chromium, and in geodes in 
the middle of the mass. The composition corresponds with chromium tetrita- 
oarbide, Cr 4 C. The sp. gr. is 6'75. 0. Ruff and T. Foehr observed no trace of 
(>40 in their study of the Cr-C system. 0. Ruff studied the composition-temp, 
diagram for press, of 10 mm.; at 2270°, the mixtoe boils, and the vapour is wholly 
that of chromium; between 2050° and 2250°, the fusion is constant in composition 
and corresponds with CrjCj; between 1875° and 2060°, graphite and carbon exist 
side by ssll as solid phases; and there is evidence of the existence of chromium 
dipentitac^bide, CrjCj, which 0. Ruff and T. Foehr prepared as silvery crystals of ' 
sp. gr. 6’916 at 24'8°/4°; and m.p. 1666°. It is not attacked by aqua regia, and 
is not decomposed on melting. K. Nisohk studied the formation of chromium 
carbides, and claimed to have made chromium hemicarbide, CtjC, but 0. Ruff said 
that K. Nisohk has mistaken this fob the dipentitacarbide. 0. Ruff and 
T. Foehr obtained evidence of the existence of CtjC, or Cr 4 Cj, but they could not 
isolate the compound from allop with 23 pet cent, carbon. When this alloy is 
treated with hot, 24 per cent, hydrochloric acid, and graphite is removed from the 
residue, the ditritacarbide remains. The portion of the f.p. curve which has 
been explored is indicated in Fig. 29, where the dotted lines are uncertain. 

0. R. Austin made some observations on this subject. 

H. Debray ^ obtained molybdenum carbide by heating molybdenum oxide with 
carbon. H. Moissan found that molybdenum dissolves carbon readily in the electric 
furnace and it forms^two carbides. More carbon is dissolved at a higher temp., and 
th&jeprates'out as' grajihite on cooling. He prepared molybdenum dicatUde, 
UoOi, V beating molybdenum dioxide {WO pmt.) t6i 10 mins, in an electric furnace 
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jnth »n excess of carbon (60 grms.). The excess carbon is transformed into graphite. 
«IS also made bjr hating a mixture of molybdenum dioxide and calcium carbide. 
^ uiuchAid obtained the carbide by* beating moly- 
Menite in a carbon tube in sn electric furnace. 

J. N. Bring and W. Fielding made the carbide by 
electrically heating a carbon rod above 1330° in an 
atm. of molybdenum pentachlpridc. The white mass 
has a crysmlline fracture. It may be readily broken ' 
on the anvil, and well-defined prismatic crystals may 
be readily separated. Its sp. gr. is 8 9; and it readily 
scratches quartz and steel. W. R. Mott'gave 4500° 
for the b.p. pf molybdenum esrbide. H. Moisaan and 

K. Hoffmann prepared molybdenum carbide, MoC, 
by heating a mixture of molybdenum, carbon, and 
an excess of aluminium in an electric furnace. 

K. Nischk studied the formation of molybdenum 
carbide. The dark grey crystalline powder had a sp. 
gr. 8'48 at 20°, and a hardness between 7 and 8. The 
carbide is not attacked by'hydrogen at a red heat, 
burns readily in fluorine, forming carbon tetrafluoride 
and molybdenum fluoride, is attacked at a red 
heat by chlorine, at a higher temp, by bromine, and is only superficially attacked 
at a still higher temp, by iodine; is readily attacked by a mixture of hydrogen 
chloride and bromine vap. and oxidized by heating in air or oxygen, by projecting 
on to fused j)otaasium chlorate or nitrate, or by the action of cold nitric acid. It 
does not decompose water even at 500°-600°, is only slowly‘attacked by hydro¬ 
chloric, hydrofluoric, or sulphuric acid, whilst it is unaltered by soln. ot alkali 
hydroxides. M. Ornstein studied the catalytic activity of molybdenum carbide 
on mixtures of methane and carbon monoxide. 

W. Riche " observed that tungsten becomes carbonized when melted in a carbon 
crucible in the electric arc; and C. Matignon observed that at 2130°, a mixture of 
tungstic oxide and carbon forms tungsten and its carbide. W. Hempel end 
P. RucktSschel prepared an alloy of tungsten with 3 3 per cent, of carbon. 
H. Moissan found that molten tungsten dissolves very large proportions of carbon, 
up to 18'8 per cent., and the soln. furnishes graphite on cooling. 0. Ruff and 
R. Wunsoh gave for the m.p. of soln. of carbon in tungsten : 
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C. . . 0 12 0-80 0-73 MO 1-72 2-20 3-20 413 per cent. '* 

M.p. . . 2706” 2692” 2706” 2664” 2806” 2888” 2682“ 2682” 

• 

H. Moissan showed that if the tungsten or tungstic oxide be heated Sith an 
excess of carbon ^n the electric furnace, tungsten hemicaibide, W^C, is fo.med as 
an iron-grey mass. He also made it by heating tungstic oxide with calcium Carbide. 

J. N. Pring and W. Fielding prepared tungsten hemioarbide by electrically heating 
a carbon rod above 1500° in an atm. of tungsten hexachloridb. M. R. Andrews 
made this carbide by hcatiqg electrically a tungsten filament in hydrocarbon vapour 
—naphthalene, benzene, toluene, anthracene, acetylene, methane, and coal gas. 
The existence of the hemicarbide and the .monocarbide is shown by points of 
inflexion on the resistance curve of the filament. Tile carbide is decarbonizeiUy 
heating the filament in vacuo at 2700° K., whereby carhop is volatilized without loss 
of tunpten. P. C. Rushen described the manufacture of tungsten carbide by working 
at a temp, higher than that required for the formation of ’the carbide, and removing 
the free graphite which separates during cooling by the addition of 7 to 8 per cent, 
molybdenum or one of its compounds. Th%molybdenum volatilizes completely and 
enables the free carbon to be readily removed. The sp. gr. of the tungsten hemicarbide 
is lfi'06 at 18°. It is hard enough to scratch conmdum. The properties approxw 
mate to those of the metal,‘but thesiatbide is more readily attacked by reagents, 
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According to H. Moissan, it is not attacked by water: it burns in oxygen at about 600° 
producing tungstic oxide and carbon dioxide. In cold fluorine the carbide becomes 
incandescent; when heated to redness in nitious oxide or nitrogen peroxide it burns 
with incandescence; it is but slowly attacked by cone, sulphuric or hydrochloric 
acid; but it is dissolved by boiling nitric acid; and it is oxidized with incandescence 
by fused potassium chlorate, or a mixture of fused potassium nitrate and carbonate. 
P. Williams found that if tungstic oxide, carbon, and,a large excess of iron be heated 
combination occurs at a much lower temp, than when the iron is absent, and a tung¬ 
sten carbide, WC, is formed. 0. Ruff and R. Wunsch obtained this carbide by 
rapidly cooling a soln, of carbon in the liquid metal; if slowly cooled, decomposition 
with the separation of graphite occurs. M. R. Andrews made this cafbide by electri¬ 
cally heating a tungsten filament in hydrocarbon vapour. This carbide is an iron- 
grey powder, consisting of microscopic, cubical crystals, which are harder than quartz 
and have a sp. gr.=16'7 at 18°. A.Weslgren and G. Phragmen examined the X*Tadio- 
grams of iron tungsten carbide. When the carbide is strongly heated in a closed vessel, 
it melts and decomposes into graphite and the carbide W 2 C, whilst in presence of air 
or oxygen, it slowly oxidizes with the formation of tungstic and Carbonic anhydrides. 
It is attacked by fluorine in the cold with incandescence, but it is not acted on by 
chlorine, bromine, iodine, and the halogen acids. Sulphuric and nitric acids have 
but little action on the carbide, but it is readily oxidized by heating with potassium 
chlorate or nitrate. M. Ornstein studied the catalytic action of tungsten carbide 
on mixtures of methane and carbon monoxide. W. R. Mott gave 6000° for the 
b.p. of tungsten carbide at 760 mm. S. Ozawa studied the tungsten-iron carbides. 
(J. Ruff and R. Wunsch heated tungsten in a carbon-tube electric furnace and 
found carbon to be absorbed, and tungsten tritacaibide, WjC, to be formed. It 
melts above 2700°, and it does not form solid soln. with tungsten. M. R. Andrews 
obtained no evidence of this compound when a tungsten filament is heated in the 
vapour of hydtocarbons. 

According to H. Moissan,’ the solubility of carbon in molten uranium approaches 
that of carbon in iron ; and he prepared uranium hemitricarbide, U 2 C' 3 , by heating 
an intimate mixture of uranium oxide (500 grms.) and sugar charcoal (50 grins.) in 
a carbon crucible in an electric furnace for 5-10 mins. When the emission of 
sparks has ceased, the liquid carbide is allowed to cool and solidify in the furnace. 
P. Lebeau's analyses bring the composition that of uranium dicarbide, UC 2 , into line 
with the carbides of the rare earth elements. 0. Ruff also agrees with this. The 
metallic-looking mass has the colour of bismuth, and a crystalline fracture. The 
crystals have a sp. gr. 11’28 at 18°. The compound scratches glass and quartz, but 
not corundpm. When struck by a hard body, the carbide emits sparks, and when 
quicklyepowdered in a mortar, it takes fire and burns. The m.p. is above that of 
platinttrfi. O. Ruff gave 2425° for the m.p. of the dicarbide; and E. Tiede and 
E. Biriibrauer, 2260°. W. R. Mott gave 4100° for the b.p. of uranium carbide at 
760 mm. According to H. Moissan, uranium carbide burns brightly in oxygen at 
370°, and when once started, the reaction is propagated throughout the whole mass— 
carbon dioxide and & dark violet uranium oxide are formed. With water at ordinary 
temp, there is a slow evolution of gas which is accelerated if the proportion of water 
be small or the temp, be raised—in t}ie absence of air, a green hydroxide is formed, 
in the presence of air, the hydroxide is grey. The analyses of the gas gave 

^oetylene Ethylene Methane Hydrogen 

Percent. . 0-17-0-72 6-16-6-77 78'05-80-a0 13-62-15-01 

The total carbon in the gas is about two-thirds short of that in the carbide when 
the reaction is complete. The missing carbon is obtained as a mixture of liquid and 
solid hydrocarbons by extracting th« aq. soln. with ether. P. Leb^u and 
A. Damiens obtained Hg, CH 4 , CgHg, CgHg, and small amounts of CgHjo, CgHy2,C2H4, 
and acetylene homolognes from uranium carbide and water. According to 
H. Moissan, uranium Mtbide, at a dull red 'hes^, is decomposed by steam with 
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incandescence, forming a black oxide and carbon dioxide. In the cold, fluorine 
has no action, but if wartn, flhc carbide burns with incandescence; chlorine 
attacks if; with incandescence at 390°; bromine reacts at 390° with a slight 
glow; and iodine attacks it without incandescence below a red heat, forming 
an agglomerated mass slightly soluble in water, giving a green soln. At about 
600°, hydrogen chloride reacts with the carbide with incandescence. Dil. hydro¬ 
chloric, nitric, and sulphuriew acids attack the carbide slowly in the cold, giving 
a soln. which is first green and then turns yellow: the cone, acids, excepting nitric 
acid, attack the carbide with difficulty in the cold, but the decomposition is rapid 
on heating. The carbide burns in sulphur vap. at the softening point of glass 
forming uranium and carbon sulphides; ’ selenium acts at a lower temp., forming 
uranium splenide; at 600°, hydrogen sulphide forms uranium sulphide. The 
carbide is attacked by nitrogen at 1100°, forming some nitride. Uranium carbide 
becomes incandescent in nitric oxide at 370°", and a complex black residue is formed. 
At a red heat, ammonia forms some nitride. F. Haber found that when uranium 
carbide is heated in a mixture of nitrogen and hydrogen, uranium nitride is formed, 
and this acta catalytically on the mixed gases, forndng ammonia. According to 
H. Moissan, uranium carbide reacts with fused potassium nitrate or chlorido, be 
coming incandescent and forn\ing alkali uranate. 
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§ SO. The Carbides oi Manganese and of the Iron and Platinum Family 
of Elemenb 

The early workers on manganese— e.g. J. P. John.i etc.—noted that when the metal 
is prepared by reducing the oxide with charcoal, no carbon remains as a residue 
when the metal is dissolved in acid. S. Brown stated that when manganese thio¬ 
cyanate is ignited it leaves a residue of manganese carbide, MnC; and manganese 
cyanide, manganese dicarbide, MnCj, in colourless octahedra. Neither statement 
has been confirmed. J. F. John observed that if manganese is fused a long time 
in a charcoal crucible it dissolves carbon,'and gives it up on coolingoas manganese 
graphite. W. H. Wollaston stated that the graphite which separates from manga- 
nifeious cast iron is largely manganese carbide; but this statement has not-been 
verified. A. Gautier and L. HaUopeafi said that a little manganese carbide and 
sulphide are formed when manganese at 1400° is exposed to the vap. of carbon 
disulphide. W. Hempel and P. Rucktaschel obtained an alloy of manganese with 
0’47 per cent, of carbon. A. Stadeler said manganese does not take up carbon when 
heated with sugar charcoal lor 12 hrs. at 1100°. H. F. Jfiptner von Jonstorff found 
that a ferromanganese can dissolve 7 75 per cent, of carbon, forming Mns.jC. 
L. Troost and P. Hauteleuille, and H. le Chatelier found that molten manganese in 
a carbon crucible took up 6 7 per cent, of carbon, and gave, on cooling, a crystalline 
solid with a composition corresponding to manganese tritacarbide, MnsC. 
H. Moissan noted that manganese rapidly dissolves carbon at the temp, of the 
elpctric furnace. The manganese can be all removed by volatilization leaving behind 
crystals of graphite free from manganese. H. Moissan obtained the tritacarbide by 
heating a mixture of 200 grms. manganosomanganic oxide and 600 grms. of sugar 
charcoal'in the electric tube-furnace at a temp, upward of 1500°. He also made it 
by heating the'same oxide with calcium carbide; the impurities can be removed 
by treatment with cold water. L. M. Bullier made this carbide by the action of 
calcium carbide on molten manganese chloride. 0. Ruff and W. Bormann found 
the solubility of carbon in manganese increases slowly from 1360° to 1525°, the 

b.p. of the soln. at 30 mm. press. The 
results are shown in Fig. .30. The 
manganese then contains 712 per 
cent, oi carbon. Manganese boils at 
1610° under the same press. The 
vap. of the alloy contains 1'94 per 
cent, of carbon. The whole of the 
carbon in the rapidly quenched alloy 
is combined as manganese tritacarbide 
and they form a continuous series of 
mixed crystals. According to A. 
Stadeler, the mixed crystals range from 
817° and 0‘72 per cent, of carbon to 
856° and 3;60 per cent, of carbon; 
they then break up into one series 
” fl. . < ^ almost pure manganese, and 

^ nr cent, ct cemen another series rich in carbide. There 

Fio. 30.—The SoIubUity erf Carbon in evidence of the existence of a com- 

pound richer in carbon. The equili- • 

brinm diagram has been also studied by K. Kido. B. Milller and H. Bank 
found ma^anese carbide is formed when manganese is heated in an atm. of carbon 
dioxide. K. Nischk also studied the foniation of this carbide. 

Manganese tritacarbide forms a metallic-looking regulus with a brilliant crystal¬ 
line fracture. A. Stadeler said that crystals occur as glistening fibres and needles 
in'alloyi with over 3-32 per cent, of carbon, and<-as polyhedra in alloys with less 
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carbon. The crystals of manganese tritaoarbide have been examined by E. Mallard, 

B. Rathke, and L. J. Spencer. All agree that they ate pMudo-hexagonal prisma, 
and that they are isomorphons witlj iron tritaoarbide. A. Stadeler said that the 
sp. gr. is 6 - 888 ; and H. Moiasan, 6-89.at 17°. The mol. vol. is 25-70, the calculated 
value from the sp. gr. of the constituents is 29-80. The hardness is between that of 
talc and gypsum. Q. Gin and M. Leleux found that manganese carbide dissociates 
at the high temp, of the electric furnace yielding the metal, which volatilises, and 
graphite—wi« supra. 0. Ruff and E. Gersten found the molar heat of combustion 
to manganese and carbon dioxide to be 410 9 ± 2 0 Cals., and H. le Chatelier gave 
412-4 Cals.; 0. Ruff and B. Gersten found the heat of formation, SMn+CssMnjC 
+I2-9 + 2-14/3als; and H. le Chatelier, 9 34 Cals. L. Troost and P. Hautcfeuille’s 
estimate of 1914 Cals, is high. The last-named found that when the carbide is exposed 
to air for Mveral days, it disintegrates. H. Moissan found that when gently heated 
in oxygen, manganese tritacarbide burns with incandescence. A. Stadeler found 
that alloys with over 3 per cent, of carbon fall to pieces at once in water, and even 
disintegrate spontaneously in closed vessels after a few weeks, “ apparently owing 
to the evolution of rejoined gas.” H. Moiasan found that when treated with water, 
a mixture of methane and hydrogen, free from acetylene and ethylene, is evolved. 
The carbide with an excess of manganese gives a larger proportion of hydrogen: 
56-43 per cent, of hydrogen and 43 75 per cent, of methane; while the carbides 
more or less rich in carbon, give 50-6 to 51-0 per cent, of methane, and 48 68 to 
49-40 per cent, of hydrogen. The results are in agreement with MnsC-|- 6 Il 20 
= 3 Mn( 0 H) 2 -f CH 4 -I-H 2 . No liquid or solid hydrocarbons were observed amongst the 
products of the action. M. Berthelot showed that if acetylene, ethylene, or ethane 
were produced, the thermal value of the reaction would be less than that observld. 
The reaction has also been studied by E. Wedekind. S. Cleoz found that ferro¬ 
manganese carbides gave liquid hydrocarbons. The alloy with Fo, 56'5 ; Mn, 38-2 ; 
and 0, 6 0 , was acted on by water only at 300° ; an alloy with Fe,-6-7 ; Mn, 86-4 ; 
Si, 1-2 ; C, 3 - 7 , was readily attacked at ordinary temp., and it gave hydrogen, olefines, 
and solid and liquid hydrocarbons. H. Moissan showed that the carbide is attacked 
by fluorine in the cold with incandescence; chlorine decomposes it at a rather 
higher temp., and the incandescence which occurs at the commencement it not 
maintained ; and hydrogen chloride below a red best furnishes manganese chloride, 
and hydrogen containing a small quantity of gaseous hydrocarbons. Dik acids 
readily attack manganese tritacarbide; with hydrochloric acid, liquid hydrocarbons 
are formed. These were studied by R. Schenck and co-workers. 8. Cleoz found 
that a ferromanganese alloy eontaining 56-6 per cent. Fe, 38-2 per cent. Mn, and 
combined carbon 5 per cent, with dil. sulphuric acid, gave a gas containing large* 
proportions of paraffins and olefines. R. Schenck and co-workers h&vepxaminSi 
the action of acids on the manganese carbides. H. Moissan found that tmmonia 
reacts with mhnganese carbide yielding hydrogen and the metal nitride; the 
carbide burns when heated in nitrous oxide or nitrogen peroxide. L. Tfoost and 
F. Hautefeuille obtained manganese boride by heating manganese carbide with 
boric oxide; and cupromanganese or antimoniomanganese was obtained free from 
carbon by heating manganese carbide with copper or antimony. Graphite is formed 
in this reaction. 

According to J, F. Durand, when caldium carbide is added to a solu. of 
manganous chloride, an impure manganoO caibide or acetylido, MnCj, is formed. 

In 1774, 8. Rinman 2 showed that a drop of nitric acid pimply whitens w^Sught 
iron, but leaves a black stain on steel. In 1781, T.' Bergman showed that steel 
differs from wrought iron by containing 02 to ]r5 per cent, of plumbago, 

C. A. Vandermonde, C. L. Berthelot, and G. Monge said that iron unites chemicauy 
with carbon, but they gave no evidence of the formation of definite compowds. 
L. Cbuet showed that stol is produced when the diamond is heated inaiohtact With 
iron, but there was a complication in this experiment due to Vacieralion of the irottJi>y 
carbon derived from the fumac# gqpes. This faefot was ehininsted by W. H. ^pys 
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in 1816 for the mixture of diamond duet and iron was heated by the “ agency of 
a powerful electric battery.” C. J. B. Karsten’s experiments on the residues left 
after treating some varieties of iron containing carbon with acids have been taken 
to prove the existence of iron tricarbido, FeCs, but in his paper HeJer die Carhirete 
dea Eiaena, 1846, he stated that “ there is no satisfactory proof of the existence of 
such a carbide.” P. Berthier found that the residues remaining after cast steel 
had been treated with aq. soln. of bromine or iodine correspond with iron mono- 
cathde, FeC. The fact that some of the residues remaining after the treatment of 
steel with different solvents have a composition corresponding with definite carbides 
is to be regarded as a mere coincidence. Neither H. Caron nor C. Bromeis could 
satisfy himself that a definite carbide can be so obtained; and the former said 
that P. Berthier’s carbide “ was probably only a mixture of carbon and the metal, 
and the metal was mechanically protected by the carbon from the action of the 
solvent.” Numerous solvents have been trieA T. Bergman, C. A. Vandermonde 
and co-workers, H. Behrens and R. van Linge, and F. Mylius and co-workers used 
dil. acids—hydrochloric, sulphuric, and acetic acids; P. Berthier, and H. Moissan 
used iodine or bromine water ; C. Ullgrcn, F. Abel and W. H. Deering used a dil. 
soln. of chromic anhydride ; W. Weyl, F. Osmond and J. Werth, J. 0. Arnold and 
A. A. Read, F. Mylius and co-workers, and E. D. Campbell electrolyzed an electrolyte 
using the carbonized iron as positive electrode in order to isolate the carbides. 
A. Gurlt maintained that grey cast-iron contains iron octitacarbide, Fe^C, mixed with 
graphite, and cast-iron with the maximum amount of carbon is iron teiritacarbide, 
Fe^C. He said that the latter is formed at a comparatively low temp., and at 
a Jiigher temp, is resolved into the octitacarbide and graphite. There is, how¬ 
ever, no satisfactory evidence of the existence of these chemical individuals. 
R. von Carnall reported “ octahedral crystals ” of a carbide in cast iron, and 
J. F. li. Haiismann “ three-sided rectangular laminse ” in wrought iron. 
F. von Ittner rioted the carbonaceous nature of the residues obtained by igniting 
the ferrocyanides. J. J. Berzelius claimed to have made iron dicarbide, FeCj, 
by distilling ammonium ferrocyanide in a retort. At first ammonium cyanide and 
water are evolved, and then nitrogen is given ofi. Towards the end of the operation, 
if tke dicarbidc is heated to redness, it seems to burn as if in oxygen gas. 
N. Ljubavin also prepared what he regarded as the dicarbide in a similar way. 
J.' J. Berzelius also reported iron sesqukarbide, Fe^Oj, to be formed when Prussian 
blue is treated in a similar way. J. von Liebig and C. F. Gerhardt accepted the view 
that these residues are combinations of iron and carbon, but P. J. Robiquet con- 
.BvJcred them to be mixtures of carbon and slightly carbonized iron, for the residues 
aromagneticj they readily rust in moist air, and acids readily extract iron from them. 
A. Terreil, and A. Etard and 6. B6mont studied the decomposition of potassium 
ferrocyanide by heat, but obtained no signs of the formation of iron carbides. 
J. F.'Durand obtained impure ferrous carbide or acetylide, FhCj, by adding 
calcium iarbide to a soln. of ferrous chloride. 

In 1846, C. J. B. Karsten abandoned his earlier opinion that the residue left by 
the action of dil. sulphuric or hydrochloric acid on slowly cooled iron or steel is 
iron tricarbide, FeCs. F. Abel obtained iron tritaoarbide, FejC, by treating drillings 
of annealed steel with a soln.'of potassium dichromate and sulphuric acid; and 
likewise also F. C. G. Muller, and A. Ledebur, who showed that with very dil. sul- 
phutio acid at ordinary temp., land a current of inert gas to prevent access of air, 
the residue corresponds-with iron tritacarbide. If hot acid be used, the carbide is 
decomposed, and hydrocarbons are evolved. S. Rinman called this residue cement 
carbon and H. M. Howe cementite. The latter term has been used in a general way 
for all the carbides which exist in iron and steel, even when these carbides contain 
manganese, chromium, etc. F. Osmond and J. Werth, and J. 0. Arnold and 
A. A. Read employed an electrolytic method and obtained .the carbide as a greyish- 
bkek powder, or in brilliant m»gnetio plates or scales. The general princijple 
employed in isolating the tritacarbide depends an the fadt that iron is more readily 
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attack^ by reagents than the carbide, so that the latter remains after treating the 
iron with dil. mineral or organic acids, aq. iodine, chromic acid,etc. 0 . Werkmeister 
did not recommend the preparation of the carbide by the electrolytic process because 
there is formed so much brown carbonaceous matter which is difficult to separate. 
He made his specimens by melting a mixture of iron and sugar charcoal; or by the 
cementation of iron with sugar charcoal at a red heat; or by the cementation of 
iron at GOO” with carbon monoxide. W. Hcnipel and P. Rucktaschel made a number 
of alloys in the electric furnace. 

H. Moissan recommended the following process tor preparing the carbide : Two pieces 
of iron, dipping in a soln. of 7 per cent, hydrochloric acid, were connected with the positive 
pole of two Bunin’s cells, and the two negative poles were connected with a carbon plate 
jn the middle of the containing vessel. In 24 hrs. the pieces of iron were removed, and the 
adherent mixture of carbide end amorphous carbon brushed off. In another process, the 
pieces df iron together with a very dil. acid soln. aurl carbon were kept for some weeks in a 
glass tutre drawn out at one end to keep out the air. jiV-HNOj yields the carbide in a 
few hours. The carbide prepared by these methods contains liquid and solid hydrocarbons 
only slightly soluble in ether. Tlio carbide may la) purified by treatment with fuming 
nitric acid for 2 hrs. at 30®. The hydrocarbons and the free carbon are converted into 
soluble compounds and gases. The carbide is not attacked. The mixture is ttoured into 
an excess of water, the liquid decanted, and the residue washed with alcohol and other, 
and dried at 100® in an atm. of carbon dioxide. The cai-bide should not bo exposotl to 
air in a moist state. The purifying action of nitric acid can be hastened by tho addition 
of a little potassium chlorate. A boiling, 10 per cent. soln. of chromic acid can be allowed 
to act until tho crystals of carbide assume a bright glistening appearance. 

The carbon in iron and steel may therefore be present (i) in the form of carbide 
carbon or combined carbon such as occurs in cementite. The carbide carbon may bj 
scattered through the metal in microscopic granules, or m relatively large distinct 
plates. The form of carbon which confers hardness to queilched steel is called 
hardening carbon, and is usually considered to be a form of carbide carbon, ^ii) The 
carbon which separates as graphite during tho solidification of higHly carburised 
molten iron is called graphite carbon or simply graphite. I. Bunge studied the 
velocity of diffusion of carbon in iron. 

C. J. B. Karsten showed that iron completely sat. with carbon at the m.p. 
approximates in composition to iron lelritacarbide, Fe 4 (J; but of course this does Hot 
mean that the product is a chemical compound. J. B. .1. D. Boussingault said the 
maximum solubility of carbon in iron is 41 per cent, and net^rer Fe 5 t! than Fe^C. 
Observations on the solubility of carbon in iron have been made by 0. Benedicks, 
H. F. Jiiptner von Jonstorlf, II. Lutke, 0. RutI and 0. Ooecke, K. Thom 8 e,n, etc. 
According to R. Ruer and J. Biren, the solubility of graphite in molten Swedish, 
iron increases as the temp, is raised from 1152° to 2700°. The solubilijy curve is 
linear from 1152° to 1700° ; it then bends away from the cone, axis, slightly^at first 
and then more strongly as the temp, increases. The cone, of the graphite ^steotio 
at 1162° is 4’25 fer cent, carbon, and that of the cementite eutectic at 1,115° '8 
4-30 per cent, carbon. J. Percy estimated the maximum amount of carbon required 
to sat. molten iron to be 4-87 per cent. EquiUbrium diagrams, developed later in 
connection with iron and steel, have been studied by H. W. B. Roozeboom, 
W. C. Roberts-Austen, H._ le Chatelier, F; Osmond, H. Jiiptner von Jonstorff, 
E. Heyn, B. Ruer and co-workers, C. Benedicks, F. Wtfst, N. Gutowsky, J. I. Wark, 
P. Goerens and co-workers, A. Smite, G. P. Royslon, G. Charpy, 0. Ruff, W. Wittorf, 
H. Hanemann, D. M. Levy, E. A. Sperry, etc. The tesults shown in Fig. 31 siipi- 
marize the observations of 0. Ruff and co-workers. 4 . solli. of carbon in iron 
rapidly quenched contains the Wlowing percentage amounts of carbon in a com¬ 
bined state; ’ 

mo” l.'i 22 " 1823” 2122 ’ 2169’ 2220 ’ 2271” 2120 ” 2626’ 

0 . 4-68 6-46 0-l)9 7«1 8tl_ 9-80 897 8 09 7-46 

These results give a portion of the curve DHF, Fig. 31 ; the solidus curve A ifr 
due to N. Gutowsky. The point P represents the coxus. of »sat. soln. of carbooiiki 
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molten iron ai 1837°, and it oorreapoiris with the composition of iron trUaoarbide, 
; and the poinji H represents the composition, of a soln. sat. at 2220°, and 

, corresponds with the composition of 
iron hmicarbide, FcjC. The curve 
BDHF does not represent the equili¬ 
brium between the difierent iron 
carbides and the soln., but is rather 
the saturation curve of graphite 
when the carbide dissociates: Fe„C 
v=^Cg,api,iu,-l-nFe. Hence the points 
D and H correspond rgspectively with 
the tritacarbide and the hemicarbide. 
The curve HF corresponds with the 
dissociation of the hemicarbide, 
Fe 2 Cv^ 2 Fe-|-C, and the slope of the 
curve shows that the cone, of the 
hemicarbide decreases as the temp, 
increases. Below 2220°, along the 
g ^ ^ g g ig curve BE, there is also a separation 

Per cent, of cdrbon of graphite in accord with the change 

Fio. 31.— The SolubiUty of Carbon in Iron, 3 Fe2t!=2Fe3C-|-C. The cone, of the 

tritacarbide increases as the temp, is 
reduced, and attains a maximum at 1837°, or D. At lower temp., the cone, of the 
tritacarbide decreases since it decomposes into iron and carbon, Fe3Cr=i3Fe-)-C. 
*H. Hanemann gave the curve Bd', and W. Wittorf the curve Bd”. From the 
existence of three breaks in his curve, W. Wittorf inferred the existence of the four 
catbidts—iron tetritacarbide, FejC; iron tritacarbide, FcsC; iron monocarbide, FeC; 
and iron dicarbide, FeCj, but these observations have not been confirmed, and the 
phenomena occurring in this region have been discussed by 0. Buff, A. Smits, 
H. Hanemann, E. Heyn, H. M. Howe, E. D. Campbell and co-workers, etc. 
E. Ruer and J. Bireii studied the solubility of graphite in molten iron; and 
0« Tammann and K. Schonert, the diffusion of carbon in iron. 

J. 0. Arnold showed that almost all the carbon in steel containing 11 per cent, of 
■carbon is in the free, state after the steel has been heated for 72 hrs. at 1000°, and 
slowly cooled. It is therefore inferred that iron tritacarbide is unstable below 
1000°. Nevertheless, this carbide has been repeatedly isolated. Hence, there is 
probably a range of temp, in the equilibrium diagram where this carbide can exist 
'an indefinite length of time. This is represented diagrammatically in Fig. 30. 
G. B. JCpton inferred that for the mixture ■with over one per cent, of carbon, iron 
hexitofierbide, FcjC, is first formed by the dissociation of the solid soln. of carbon 
in icon; and that this dissociates into the tritacarbide at abeut 800°, and this 
again into the hemicarbide, FejC, at about 915°. The deduction was largely based 
on the breaks in H. C. H. Carpenter and B. F. E. Keeling’s cooling curves. 
E. D. Campbell and M. B. Kennedy found the carbide obtained from annealed cast 
iron with a large proportion of carbon, varied in composition between the trita- 
and hemi-earbide, and hence inferred that both carbides have a real existence. 
The nnsegregated eutectic with 0^89 pet cent, of carbon is considered by J. 0. Arnold 
to be an iron sxdnarbide, Fei 4 C; it may be a compound of cementite and iron, 
Fe8C.21Fe; or simply a congealed soln. of the tritacarbide in iron. W. Wittorf 
claimed to have made iron aicarhide, FeCj, by cooling soln. of 6-10 per cent, of 
carbon in molten iron;' crystallisation begins at 2380°-20CKF, furnishing a yellow 
carbide with a silvery reflex. It is slowly attacked by nitric acid, and when im¬ 
mersed in a dil. soln. of cupric sulphai^ it acquires a film of copped J. J. Berzelius’ 
and N. Ljubavin’s observations on the dicatbide have been previously desoriM. 
.L. Franck claimed to have made iron tetracarbide, FeCi, and iron ditritaoaibide, 
FfcC,. A. Gautier and P. Clahsmann found,tlu^ two'carbides—iron pmtitaoarbiie. 
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FejC, and mn dodtciiaoarbtde, FeijC—produced when carbon monc^de ia pasaed 
over rw-not iron. The fotoer dissolves more quioMy in sulphuric acid, and the 
less quickly dis8olv(^ residue is the pestitaoarbide. They also obtained the dodeoita- 
oarbide bjr the action of a mixture of carbon monoxide and hydrogen on heated 
fertosoferrio oxide. The reaction between sulphuric acid and the dodecitacarbide 
issymboUzed: Fei 8 C+ 12 H 2 S 04 = 12 FeS 04 +CH*+ 10 Hs; the pentitacarbide gives 
methane, hydrogen, and othar hydrocarbons when digested with sulphuric acid. 
In no case is there sufficient evidence to establish a belief in the real existence of 
these carbides. K. Nischk studied the formation of iron carbides. 

J. 0. Arnold and A. A. Read obtained iron tritacarbide in the form of micro¬ 
scopic gtanulw, or small plates, and, added F. Mylius and co-workers, in small 
needles. The plates of iron tritacarbide or cementite often occur in patches alter¬ 
nating with femte— i.e. iron—to form well-marked microscopic stri® giving the 
metal the peculiar mother-of-pearl effect which led H. C. Sorby to call it the pearly 
cmstUvieni of steel, and H. M. Howe, pearlite. The rhombic prismatic crystals are 
pseudo-hexagonal and isomorphons with manganese carbide. They have been 
examined by C. F. Eammelsberg, N. T. Bclaiev, E. Hussak, 0. SjtistrOm, 
D. J. MoAdam, E. Weinschenk, J. Fahrenhorst, 6. Florence, E. Mallard, L. J. Spencer, 
and C. Hlawatsch. 6. Tammanu discussed the space-lattice of iron tetritacarbide ; 
and A. Wcstgren and Q. Phragmen showed that cementite has probably four mole, 
of FcsC per unit cell so that the chemical mol. is Fe 3 C, and the crystal mol. FeijC 4 . 
F. Wever found the X-radiogram corresponds with a rhombohedron spacS-lsttice 
whose lengths of side are o=4’481 x 10“®, 5=5 034x10“*, and c=6'708xl0“* cm. 
respectively; and that four molecules are involved. The values of these constants 
at temp, above the magnetic transformation point show that the magnetic changes 
in iron carbide are similar to those of iron and nickel, and ace not due to the 
lattice arrangement; the new rhombohedral lattice has sides of length a—i'52 X10"*, 
5=5‘08xl0“*, and c=6'77XlO"® cm. A. M. Portevin studied the microscopic 
structure of the iron carbides in iron and steel. A complex carbide, (Fe,Co,Ni) 3 C, 
occurs in distorted crystals in meteorites. L. J. Spencer said the crystals are pro¬ 
bably cubic. It has been studied by E. Cohen and E. Wienschenk, and called 
cohenite. It is tin-white in colour and becomes bronze-yellow on exposure to liir. 
The sp. gr. is 6 977, and the hardness in 5’6 to 6 0. F. C. Thompson discussed the 
etching of the alloy steels to bring out the structure of the cementite. E. D. Campbell 
found the specific gravity of the crystals to be 6-944 at 23°; H. Moissan gave 7-07 
at 16°; 0. Werkmeister, 7-17 at 16°; and 0. Ruff and E. Gersten, 7-396 at 21°. 
The mol. vol., according to 0. Ruff and E. Gersten, is 24-34. The crystals are hard 
and brittle, but not so hard as glass ; 0. Ruff and E. Gersten represented the hard¬ 
ness as 3-2 to 3-3 on Moh’s scale. • 

P. Oberhofier and A. Meuthen calculate the specific heat to be 01681. H.*Uoissan 
found that if highly purified iron be fused with sugar carbon in an electric fomaoe, 
the fused mass becomes more and more viscid as the temp, rises until the containing 
•vessel can be turned upside down without loss. On cooling, the metal soon becomes 
as mobile as water. On solidification, the metal has all the clfhracteristios of gwy 
cast iron. About one -per pent, of the carbbn is combined, and the mass contains 
numerous crystals of graphite —vide synthesis of diamonds. F. Mylius and co- 
workers, B. H. SSniter, and J. 0. Arnold showpa that the tritacarbide is decomposed 
b^w 1000°. A. Anthon tried to measure the rnffifing point, and said that is 
about 1800°; 0. Ruff’s diagrmn, Fig. 29, places it at 1837°. 0. Werkmeister 
studied the thermal behaviour of the carbide; the resdts of 0. Ruff ^ve been 
previously discussed. A. Meuthen measured the specific heat of various iron- 
carbon alloys. L. Troost and P. Hantefeuille gave a small negative value for the 
heat ol tonnation of the carbide: 3Fe-|-GF=FegC—20-48 Cals., and hence stated 
that the absorption of heatin the formation ofTron carbide indicated that Iffie carbon 
b simply dissolved by the iron. According to 0. Ruff and E. Gersten, the haj^ 
ai OKwimonis F8|C-l-3Ot=FeeO4»)-COs-f377-2 ±0-l Cal. ; hnd since Csrstwis-fOj 
VOl. V. • • . • • 3 M; 
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=ro 4-94-8 Cals Fe-l-0=FeO+60-4 + r8 Cak, and 3 Fe-f- 202 =F^ 04 -f; 
TK ilM™‘1.13F.+C-I,C-»3±Mttl S. p. Cm,M 


=F^04-f*267'i 

___ --U- _ 'ampbell gave 

+8-494 akfor*thrheat of formation ■'B. Solienck and co-workers, -1-8-940 Cals. 
J. JenniJoff, -f2-27 Cab.; and A. Baykoff said that the heat of formation has no 
perceptible value. From these discordant estimates not much more can be inferred 
than that the heat of formation has a small negative value. A. Meuthen measured 
the heat content of iron-carbon alloys oontainiug between 0-06 and 4-08 per cent, 
of carbon, between 650° and. 920°. The heat of transformation of pearlite, con¬ 
taining 0-9 per cent, carbon, is 15-9 Cals, per gram, and that of into a-iron, 5'6 
Cals, per gram. One gram of a-iron separating from solid soln. develops 14-1 Cals. 
The horizontal line in the equilibrium diapam, which represents the transformation 
of into a-iron, does not extend beyond 0-32 per cent, carbon. Withip the limits 
6M°-7CI0°, the heat-content of the alloys is not directly proportional to the carbon 
cone., but the curve consists of two straight lines, intersecting at a considerable 
angle at a cone, just above that of pearlite. 

F. Mylins and co-workers found that dry iron tritaoarbide is not altered by 
exposure to dry air, but some specimens are pyrophoric. H. Moissan found that 
the carbide is not attacked in the cold by dry oxygen, but when heated to 160° in 
oxygen, it becomes incandescent. If heated to 100° in a stream of hydrogen, 
and then exposed to air, iron tritaoarbide glows and forms iron oxide ; the same 
phenomenon occurs occasionally when it is dried at a low temp, in carbon dioxide 
or nitrogen. In moist air, H. Moissan, and F. Mylius and co-workers noted that 
iron carbide is rapidly oxidized, it furnishes a brown powder consisting of a mixture 
of ferric oxide, carbon, and the carbohydrate, C] 2 HjOj, described by A. Bourgeois 
and P. Schatzenberger, and J. A. Zabudsky. F. Mylius and co-workers say that 
this carJ)ohydrate is’most easily obtained by the action of a soln. of ammonium 
sulphate in dil. sulphuric acid on the carbide. According to H. Moissan, water 
or an aq. soln. of sodium chloride or magnesium chloride does not attack iron 
carbide when contained in a sealed tube at 0° to 150°. F. Mylius and co-workers 
found that the carbide is only slightly decomposed when heated with water at 145° ; 
but at 400°-450°, in a current of steam and nitrogen, it increases 13 per cent, in 
weight in half an hour, and yields a combustible gas mostly hydrogen, and a black 
residue which is a mixture of carbon and iron oxide. At a red heat, in steam for 
half an hour, it pelds ferrosoferric oxide, and a gaseous mixture of hydrogen and 


carbon mono- and di-oxides. 

According to H. Moissan, the carbide becomes incandescent in sulphuryap. at 
500° -, it burns in chlorine below 100° with incandescence; it behaves similarly 
with bromlpe at about 100° -, and it reacts with iodine vap. oiJy at a red heat, 
without incandescence. B^drogen chloride acta at 600°, forming iron chloride, and 
hydrogefi mixed with some hydrocarbons. All the dil. acids attack the metal more 
readily than the carbide; complete decomposition occurs only on'boiling the acid. 
F. Mylius and co-workers found that the carbide is not appreciably affected by very 
dil. acids, but stith j'jlV-hydroohloric acid at 80° a distinct evolution of hydrogen 
is observed. It is vtSry gradually dissolved by normal hydrochloric acid, and 1 grm., 
after remaining sealed up in a vacuum'tube for 10 days with normal hydrochloric 
acid, gave only 2-6 c.c. of a combustible gas. In cone, hydrochloric acid, it is easily 
soluble, and leaves only a minute residue which is insoluble in Water, but easily 
solpble in alcohol or ether, in no case did the authors observe the formtion of 
amorphous, intermediate, carbonaceous products during the dissolution. An 
analysis of the gas evolved on dissolving the carbide in hydrochloric acid gave 
92-3 per cent. H, 6-3 per cent, hydrocarbons, 1-4 per cent. N. The ratio of the com¬ 
bined hydrogen to the carbon very nearly approaches that required for a member 
of the series CnHB,+ 2 , and the density ef &e hydrocarbon is about the same as that 
of pentanS. E. D. Campbell found thit when heated with cone, hydrochloric acid, a 
nurture of hydrogen with sat. and unsaturatod hydrocarbons is formed. Three-fifths 
of the carbon furnishes gaseous derivatives-*a gram of the earbide gave approxi- 
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mately 250 c*.o. of gas containing 16-17 per cent* of hydrocarbons,*inethane, ethane, 
and butane; and 9-10 pec cent, of olefines—j^rincipally butylene and dibutylene. 
H. Moissan found that with dil. hydrochloric acid in a sealed tube, the gas conUined 
13'7 per cent, of methane and 86'3 *per cent, of hydrogen; and with oono. hydro- 
chlonc acid, 26'6 per cent, of methane and 73'5 per cent, of hydrogen. 

The peculiar nature o( the gases evolved when iron carbide, or the solid soln. of the 
carbide m rapidly quenched steel or pig-iron, is treated with an acid, has been the subject 
of many investigations. R. Boyle, for instance, referred to “ the belching up of copious 
and stinking, fumes ” when steel filings are treated with an acid j and J. Priestley men¬ 
tioned the fcetid odour of the inflammable air given ofl when iron is treated with acid 
In 1786, S. Rinman measured the relative vol. of gas given oft by different kinds of iron 
and steel und& these conditions, and noted that the gas evolved from steel contains more 
carbon than that obtained from soft iron. C. A. Vandermonde and co-workers noted the 
carbenaceous naJure of the residue obtained when iron is treated with aci^. In 1789. 
J L. Broust observed that the vessel in which the iron has been dissolved liM a film of a fatty 
substance which is not cleaned off by water, but it is removed by alooli^, which dimolvas 
the fatty substance and acquires the seme odour as the evolved gas. C. J. B. Karat en showed 
that when steel is treated with dU. acid, " an offensive kind 

is evolved, and a brown solid is produced.” M. ^rthelot m 1858, C. k ^hafhttutl m 1859, 
J. E. Reynolds in 1861, H. Hahn in 1864, and O. Werkmeister in 1910, established tte 
presence of olefines in these gases ranging from C, to C,„ but H. “if 

never able to prove the presence of acetylene m the gas. S. Cleos found that when 200 kgj^- 
of cast iron were treated with sulphuric acid, he obtam^ (i) 640 pms. of oily hydiwarbons 
condensed in the first wash-bottles ; (ii) 2780 grms of brominated etMemc > 

(iii) 532 grms. of hydrocarbons homologous with methMie (paraffins), 
acid: iM 3800 grms. of insoluble residue j and (v) 408 grms. of an oily ^dy, extract^ 
from the insoluble residue by alcohol, and separated from the alcohol by water, ^e 
paraffins, decanted from the sulphuric acid, washed with water, and dried, «”* *'*“* 9°^/. 
sium hydrate, and then with sodium, were fractionally distilled j the liquid began to Boll 
at 155“ giving the following fractions : 


155°-160’ 178”-I80’ 

CioP7*i ^11^1* 


lOt’-ltS" 

C 12 H,, 


216°-220” 

CnH., 


23f-238” 

CsaHso 


258* 276*-2lj0“ 


The fact that with some steels and iron carbide aU can bo 

oxidising acids leaves no room for doubting that ‘>>0 carton must have ^nw^v^ M 
todro^bon. The evidence is not all concordant. H. Hahn said ““ 

othylenic, while S. Cloez, and H. Moissan found a large proportion of methane deriv^iTOS. 
The dark brown carbonaceous residue has been studied by A. Bouraois and P. Sohuton- 
berger, and by J. A. Zabudsky. R. Schenck and co-workers studied the action of acids 
on the iron carbides. 

C Schols studied the effect of eilicon on the solubiUty of iron carbide in iron. 
H. Jtiptner von JonstorS attempted to determine the mol. wt. of non tntacarbid^ 
in soln. of iron; but the conclusions were not convincing. E. D. Campbell assumed 
that iron carbide has the constitutional formula . 


Fe4>C=c4>Fo 


Fc.Fe.Fe 

Fe<p>C='c-c'<^>Fo 


and he represents the main reaction of acids by the equation “ 

=C»Hi+ 4 ;H 2 + 6 FeCl 2 ; -and supposes that the ethylene condenses mth itself ot 
wi^ hydrogen, forming more complex 

experiment can be symbolized, Fe 3 C-|- 6 HClw- 3 FeClj-f'CH 4 +H 2 , or ( eg 

Si^aMoissan,has no action dhirontntecarbide even 
when finely^idsd or when in contact with a plating wire; but the “ 

attacked by the b^ng acid; and decomposition rapidly occurs if 
C J B. Karsten found that when nitric acid or aqua r^ ante on rapidly oooM 
Bteel or pig iron, no hydrocarbon oil is furped, but a reddish-hrown caAo^^ 
B^^tanto, studied by P. SohUtsenberger and A ^ 

is formed; it is considered to ^ a itarogrttphUv> aotd, CsjHulNOalOu- f Fin- 
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of cementite in Wtric acid of sp. fi. l'I8 to I'^O furaialtes a. brown foln., and the 
intensity of the colour, under constant condifjons,^ is proportional to the amount 
of carbide in the soln.' This principle is applied in the determination of carbon 
by the so-called colour test of Y. Eggertz. Here the colour of a given amount 
of a soln. of a steel with an unknown amount of carbon is compared with that pro¬ 
duced by the same weight of a steel with a known amount of carbon prepared under 
.imifar conditions. The catalytic activity of iron on methane is conditioned, 
according to M. Ornstein, by the formation of unstabldiron carbide. 

A number of complex iron carbides have been made. Thus, J. 0. Arnold and 
A. A. Bead • reported ferromanganese earbldei. Fe,MnOj and Fe„MnO ,; H. Behrens 
and A. B. von Linge, lerrochromlum carbides, FoCr.Cj and rc,Cr»C 3 ; A. Carnot and 
E. Goutal, Fe,Cr,C, and Fe,Cr,C ,; and P. Williams, Fe,Cr,C,. P. Wflliiuns reported fetro- 
molybdenum carbide, FejMojCj; and terrotnngsten carbide, Fe,W,Cj. S. Ozaiva made a 
partial study of the ternary system : C—W—Fe. A. Westgren and G. Phragmen ex^iined 
the X.radiogram of the tungsten iron carbide. H. Moissan and A. Kouznetoff investigated 
ohromotungsten carbide, Cr,W,C,. J. de Bonneville reported lertochromomolybdenum carbide, 
FejCrjMojC, j and ferrooheomotungsten carbide, FejCr.W.C,; and J. W. Weitzenkora, the 
ferroc^omotungstovanadium carbide, VCrjWjQFejjCj, in ferrotungsten. 


R. Vogel and 6. Tammann studied the ternary system with iron and up to about 
10 per cent, each of boron and carbon. The area AVL, Fig. 32, represents the 

ternary system with y-iron mixed crystals, 
when the maximum carbon and boron con¬ 
tents are respectively 1'9 and 0'3 per cent. 
Here LYNC represents the ternary y-iron 
mixed crystals, LV, when the carbon con¬ 
tent is about 1'9 per cent, and the boron 
content up to 0'3 per cent.; and CN, 
cementite mixed crystals with carbon between 
6’3 and 6'6 per cent., and boron up to 1'7 
per cent. AVB represents ternary y-iron 
mixed crystals AY with carbon up to 1'9 
per cent., and boron between 0 08 and 0’3 
per cent.; B represents iron boride, Fe 2 B, 
Fra. 32.—Ternary System Fe—O—B. corresponding with 91-2 per cent, of iron, 

and 8'8 per cent, of carbon. VNB includes 
the carbon and boron sat. ternary mixed crystals V, with carbon about 1'9 per 
cent, and boron 0'3 per cent. N represents the boron sat. cementite mixed crystals 
‘with about 6'3 per cent, of carbon, and 1'7 per cent, of boron. The dotted curves 
in Fig. 32 represent the eutectic lines. They found the eutectics in the binary 
systems, Fe-C, 1160°; Fe-B, 1165°; FejC-FeaB, 1155°; and Fe-FejC, 1100°. 
They aUb'measured the hardness of the ternary alloys. 

P. Bejthier ‘ noticed that when nickel is prepared by reducing the oxide, 
etc., with carbon, the product is carboniferous nickel. W. Boss, and R. Irving 
found that the buttijp of metal obtained by reducing nickel oxide with carbon 
is often covered with soft, crystalline, steel-grey scales which was called tiichl- 
graphite. This was probably graphite which separated during the cooling of 
the soln. of carbon in molten nickel. When nickel is heated in contact with 
carbon, the metal is carboniz^' in an analogous manner to iron, but, added 
H. ih)issan, rather less carbon is dissolved. Thus, J. W. Dobereiner mentioned 
that when fused on cffarcoal before the oxyhydrogen blowpipe the metal takes 
up carbon and becomes brittle, but it remains magnetic. R. Tgpputi, 0. L. Erd-. 
mann, and J. B. J. D. Boussingault also made observations on the change 
produced in the properties of the metal when it is alloyed with carbon. L. Mond 
md co-workers noticed that nickel takef lip carbon when heated with carbon mon- 
jxide—vide nickel carbonyl. ‘ B. Schenck and F. Zimmerman noted the action of 
Rym monoxide on niokm when studying the tystem 2CQe=aC02-t-C. L. Mond and 
of the . • 
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C. Langet studied the action of mckel*on hydfooarbons. J. J. BeixeUds did not 
-prove that the magnetic residue obtained on igniting nicfcel cyanide is a definite 
carbide. According to L. Pebal, ni<!kel obtained by the reduction of the oxide by 
charcoal at a white heat, may contain as much as I'l per cent, of carbon*. On 
treatment with acids the metal dissolves, leaving a residue of graphite. One 
specimen of the nickel containing 0 98 per cent, of graphite, and 0’28 per cent, of 
combined carbon, was melted in a graphite crucible, and rapidly cooled in an iron 
mould, and the product analyzed. It now contained 0‘78 per cent, of graplute 
and O'Sl per cent, of combined carbon. AV. Hempcl prepared nickel alloys containing 
1-71, 2-14, 4-69, and 6-25 pet cent, of carbon respectively. K. Nischk studied the 
formation of* nickel carbide. In the nickel alloys, the carbon is in the state of 
mechanical admixture, whilst in the iron and 
cobalt alloys a large proportion of the carbon 
i^chefiiically combined with the metal. The 
solubility of carbon in nickel has been 
measured by 0. Rufi and co-workers, and by 
K. Friedrich and A. Leroux. The results 
shown in Fig. 33 are due to 0. Ruff and 
W. Bormann. The eutectic is at 1311° and 
2'2 per cent, of carbon. The solubility of p 
carbon in nickel increases with temp, up to ^ 

. 6-3 per cent, at 2075°, and then remains con- k 
stant to the b.p. 2490° at 30 mm. press., f 
only 0'28 per cent, of carbon is in the yap. tSi 
at the b.p. Pure nickel is taken to boil at 
2340°. The constant boUing mixture is as¬ 
sumed to contain nickel tritacarbide, NisC. 

E. Gersten found —2095 cals, for the heat 
of formation of a gram of this carbide, or 
3Ni+C=--Ni8C-394 Cals. E. Briner and 
R. ^nglet saw that nickel tritacarbide is 
formed at about 2100°, and it dissociates into 
its elements rapidly at 1600°, and slowly at 
900°, so that the reaction 3 Ni-l-C^Ni 3 C is 
reversible. The reaction between the solid 
elements is endothermal, and between the 
gaseous elements, exothermal. J. F. Durand 
obtained impure nickelous carbide or acety- , ., , i.*i -j 

lide, NiCo, by the action of calcium carbide on a soln. of nickelous chlonde. 

L. ThompsopO made a carboniferous cobalt by heating for six houra 5 mixture 
of cobalt oxide and alkali tartrate in a crucible lined with carbon. Th*.; product 
was very hard and brittle, and had a sp. gr. of 8-4; it was magnetic and contemed 
4 per cent, of carbon. K. Nischk studied the formation of cobalt carbides. »ehenck 
and F. /. immermann studied the action of cobalt on carbon Tnonoxide; L. Mond 
and co-workers observed that no carbonyl'is formed by heating cobalt with carbon 
monoxide; L. Mond and C. Unger noted the action of hydrocarbons on mckel 
and cobalt. H. N. Warren, and H. Moissan poted the formation of plates of graphite 
when a soln. of carbon in cobalt is cooled. W. Hem|el and P. RucktascUl prepwed 
cobalt alloys with 0-44,0 62,1-87,1-88,2-65.2-80,6-47, and 8-45 cent, of carbon 
respectively, and Aey noted that p large proportion pf th4 cobalt is chen^y 
coSed. G. Bo^er, and 0. Buff and F. Keihg studied the cobalt-Mi^ 

The results by the former are summarized in Fig. 34. There is a eutectic »t 1300 
•with 2-4 per cent, of cobalt; and the solubility increases with tei^. up to 7'd per 
cent, carbra at 2415°, the b.p. of the system at 30 nfm. press. The t^e to a 

p^t of inflexion correspond^ witlf ^fo^tion of eotot 

XbBMt. V4p.bM2percent.^wlton. The pure cobalt w 2415 
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Fio. 33.- -The Solubility of Carbon 
in Nickel. 



m 


tmOBGANlC AND THEORETICAL CHEMISTRY ' 


The carbide decomposes so quickly on cooling that even in rapidly quenched 
specimens it is absent. J. 7. Durand obtained impure cobaltous carbide or 
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Fio, 34.—The Solubility of Carbon 
in Cobalt. 


acetylide,* CoC 2 , by the action of calcium 
carbide on a soln. of cobaltous chloride. 

The union of platinum mth carbon 
when the two elements are heated has 
been discussed by J. B. J. D. Boussingault,® 
A. R^mont, J. J. Berzelius, W. Hempel, 
P. RucktSsohel, R. Chenevix and H. V. Collet- 
Descqtils, P. Schtttzenberger and A. Colson, 
C. G. Memminger, N. W. Fiscllbr, V. Meyer, 
C. L. Berthollet, etc. In using, platinum 
vessels, direct contact with hot smcSdng 
flames, the reducing zones of hydrocarbon 
flames, charcoal, coal, coke, etc., must be 
avoided, since the platinum becomes brittle 
under these conditions owmg to the dissolu¬ 
tion of carbon by the metal. A. B. GrifSths 
said that platinum fuses at a comparatively 
low temp, when in contact with carbon. 
P. Schiitzenberger claimed to have made plati¬ 
num dicarbide, PtCj, by beating platinum in a 
stream of cyanogen; and W. C. Zeise, by heat¬ 
ing mesityl chloroplatinite, [PtlCoHioOlClzls, 
to redness, and cooling out of contact with 
air. J. J. Berzelius also mentioned iridium 
carbide to be formed by heating iridium in 
contact with carbon. 
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§ SI. The Ckrbon Oxides and Snboiides 

The Mmplete oHdation or combustion of carbon furnishes the gas carbon dioxide, 
COj. There is an intermediate product in which the carbon is only ^iartially oxidized 
M burnt. This product, carbon nuHioxide. CO, is itself a combustible which 
onms to fom the end-pr<^uot, oarben dioxide. If carbon be quadrivalent and 
.OOTgen invalent, the constitutional fonhula of carbon dioxide is 0=C=0 ■ but 
there is then a difficulty with carbon monoxide, and it can be assumed that two 
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of the four valeucies in carbon are latent or dormant. With* this hypothesia, 
H. Staudingerand B. Anthe«i tried nnsuocesslully to prepare the polymer 0=C—0=0 
by the action of metak on oxalyl btomide, Br.OC.CO.Br. With aino and mercury, 
carbon monoxide k evolved, showing that if a polymer be capable of a separate 
* eiktence, it k not stable at ordinary temp. With potassium or the liquid alloy 
of potassium and sodium, potassium oxycatbide, KO.CIC.OK, k formed. This 
compound explodes violently when subject to vibration. It can ako be assumed, 

with J. A. B. Newlands, that carbon is bivalent, forming C=0, and C<9; or. 


with J. H. Heyes, and J. W. Brtthl, that oxygen is quadrivalent, forming carbon 
monoxide C=0 and carbon dioxide As indicated above, thk subject has 


0 


beeif discussed by A. Geuther and E. Bttbencamp, L. Mond, D. Lagerlof, etc.—eide 
1. 6 , RS. J. A. Wanklyn assumed that oxygen in carbon monoxide k tervalent. 

P. G. Tait and T. Andrews ^ noted that when the silent electric discharge k 


passed through carbon monoxide, a bronze-colourod product appears on the platinum 
anode, and by passing an electric discharge through carbon monoxide, B. 0. Brodie 
observed that the products are carbon dioxide and a reddish-brown solid which 
appears as a film on the walk of the tube. The dry solid appears to be either cubon 
suboxide or a mixture of two or more oxides—possibly C 5 O 3 and C 5 O 4 —since the 
composition is not always the same. This suboxide is easily soluble in water, and 
the coloured soln. has a strong acid reaction. M. Berthelot represented the 
'reaction 5 C 0 =C 0 j-|-C 403 . He said that the suboxide is a brown, amorphous 
body, which is soluble in water and absolute alcohol, but not in ether. It has an 
acid reaction, and gives with silver nitrate, load acetate and^baryta-watcr, brown, 
amorphous precipitates. On heating to 300‘’-400° in an atm. of nitrogoi^it yields 
equal vok. of carbon monoxide and dioxide, and a dark brown carbon tri-octitoxide, 
CjOs, thus, 3 C 403 = 2 C 0 + 2 C 02 -f CgOj. When thk oxide is more strongly heated, 
it is decomposed, carbon, still containing oxygen, being left behind. P. Schtttzen- 
berger said that with thoroughly dried carbon monoxide, the composition of the 
product is variable, and the conversion ceases as soon as the gas contains 10 per 
cent, of carbon dioxide. If the ozone discharge tube be surroimded by dry* air, 
the dry gas suffers very little condensation, but if it be immersed in acidified water 
—Fig. 5,1. 14, 2—the condensation is much pcater. Hence, he inferred that the 
presence of small quantities of water is essential to the formation of the black pro¬ 
duct, and that the electric discharge carries oxygen and water through the gkss, 
and that there is ako some evidence of a transport of matter in the opposite 
direction, since the total quantity of carbon in the condensed product;aiid in the 
carbon dioxide was less than that in the carbon monoxide which msappeared. 
M. Berthelot, hqwever, claimed that P. Schtttzenberger was mkled in assuming 
that the dkeharge causes water to pass through glass; the traces of jpoisture 
he observed were derived from imperfectly-dried glass and mercury. These materials 
require for desiccation a moderately high temp. ^ 1 

Another carbon suboxide, C 3 O 2 , or carbon ditritoxldc, was prepared by O. JJiels 
and B. Wolf * in 1906.- It.k really malonid anhydridp, CgOj, derived from malomo 
acid, CHjfCOOHk, by the loss of two mok. of,water: 


H^.COOH 



A. Michael, howevei^ considers it to be the lactone of ^-hydroxypropiolic acid: 


CSO 

0=C-,((> ■ 

but 0. Wek and J. Meyerheim prefer tlm diozoallene formula 0 : C: C: 0:0, and 
oonfirmatjon, 0. Diek and L. Lalij objeived that thb suboxide behaves like a keteoe 
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giving with formio acid the additive compound COOH.(COH): C: (COH).COOH. 
A. Nowak showed it to.be formed by the action of the-silent discharge on carbon 
monoxide; 400 = 0302 + 002 . The compound shows certain analogies with 
the metal carbonyls, and it can therefore also be regarded as carbm carbonyl, 
0 ( 00 ) 2 . 8 . Redgrove computed the mol. heats of combustion and formation, ’ 

respectively 243'6 Oals. and 47 4 Oals. for 0; 0:0:0: 0, and 286'1 Oals. and 
4’8 Cals, for 

ctQ>c=o 

0. Diels and B. Wolf made this compound by distilling malonij acid or one 
of its esters with a large excess of phosphorus pentoxide under reduced press. (12 
mm. mercury) at about 300°. The gases are cooled so as to remove the‘unchanged 
acid, carbon dioxide, ethylene, etc. The condensate is allowed to boil at atm,, temp, 
and the residue vaporized and collected at —60°. A. Stock and H. Stolzenberg 
found that the poor yields of carbon suboxide which are usually obtained by the 
action of phosphoric oxide on malonio acid are due largely to the polymerization of 
' the suboxide under the catalytic influences of the dehydrating agent. If the sub¬ 
oxide be removed rapidly by carrying out the reaction in a good vacuum and con¬ 
densing the product by means of liquid air, a vol. of the gas corresponding with as 
much as 25 per cent, of the malonio acid can be obtained. According to E. Ott 
and K. Schmidt, a superior yield—amounting to 41 per cent.—can be obtained by 
leading the vap. of diacetyltartario anhydride, boihng under diminished press.,, 
over a platinum wire heated to bright redness. The process has the further advan¬ 
tage that the carbon suboxide so prepared can be preserved for long periods without 
change in sealed tubes, whereas the product obtained with the help of phosphorus 
pentoxide rapidly polymerizes, probably owing to the presence of traces of phos¬ 
phorus oxide. • Carbon suboxide is formed by the action of silver, zinc, or lead 
oxide on malonyl chloride: CH 2 (C 0 Cl) 2 +Ag 20 =C 302 + 2 AgCl+H 20 ; H. Staud- 
inger and St. Bereza employed silver oxalate or malonate in place of the oxide. 
E. Ott claims a good yield of purer suboxide by using tartaric acid and acetic anhy¬ 
dride in place of malonic acid in 0. Diels and B. Wolf’s process. This suboxide 
at ordinary temp, is a colourless, mobile, volatile, refractive liquid with an odour 
resembling that of acrolein and mustard oil, and it is poisonous. The vap. attacks 
the eyes, throat, and respiratory organs producing symptoms of suffocation. When 
passed through a tube dipping in liquid air, a white solid with a pungent odour is 
„ obtained. The solid melts between —107° and —108° and boils at 7°. A. 8 tock 
and H. Stolzenberg give —111'3° for the m.p.; 6 ° for the b.p.; and 587-589 mm. 
for the yap.' press, at 0°. 0. Diels and co-workers add that the vap. density corre¬ 
sponds with the formula C 3 O 2 . When treated with water, carbon suboxide re-forms 
malonic acid, and hence this oxide is regarded as malonic anhydride; and with 
hydrogen chloride, anunonia, and aniline it forms malonyl chloride, malonamide, 
and malonanilide respectively. The suboxide is combustible, and burns with a 
blue, smoky flame, dorming carbon dioxide: 0302 + 202 = 3002 . The vapour and 
liquid polymerize at ordinary temp, in a few days; the liquid becomes yellow 
and deposits a dark red solid soluble in water. The sUboxide decomposes rapidly 
at 37° and instantaneously at 100°. ‘ It was suggested that the solid decomposition 
products are probably similar to and perhaps identical with the products of 
B. '0. Brodie and M. Berthelot described above. A. Stock and H. Stolzenberg 
found that the polymerization of the gas to the red substance, which is soluble in 
water, is catalyzed remarkably by the pol 3 TOeride itself. Theigas may sometimes 
be kept for days, but once polymerizatioii sets in, it completely disappears 
within a day. In contact with phosphoric oxide, the gas polymerizes in a fraction 
of a minute. Carbon suboxide is very-soluble in carbon disulphide or xylene. 

. E. Meyer and K. Steiner* made a suboxide, Ci 202 , car^ enneadodecitozide 
Of mellitto anhydfide by boiling acid, C 3 (C 0 GH)(, un^r reflux with much benzoyl 
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chloride duiwg six hours. It separates from boiling benzoyl chloride in colourless 
crystals, which are perfectly stable and non-hygroscopic. It is practically insoluble 
in cold water, but unites with warm water to form mellitio acid. It gives character¬ 
istic colorations when treated with various solvents of high b.p.; thus, with 
naphthalene, retene, phenanthrene, and fiuorene it yields rose-red to bluish-red 
soln., and with nitrobenzene, a bluish-green soln. It darkens when heated 
above 320°. The graphic farmute for acid and anhydride are: 


COOH 

C 

HOOC—C^^C-COOH 
. HOqC-Ci^/C-COOH 
C 

COOH 

MelUtlc acid, C,<COOH),, 


0=C-0 

^c—c=o 


0 


c 

o=c —6 

MolllUc anhydride, C„0,. 
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§ 22. The History of Cubon Monoxide 

Carbon dioxide was for a long time considered to be the only oxide of carbejp,, 
and the lower oxide of carbon being combustible was for a long time confused with 
inflammable air—hydrogen. In 1716, F. Hoffmann i wrote on the toxio v^ours 
which emanate, from burning charcoal, but he did not recognize this g*.. In his 
memoir: Notices d’une suite d'experiences nouvdles, quifonl connoitre la n dure el les 
proprieles de plttsieurs espices d’air ou emanations aeriformes, extrailes pc^ diverses 
voies d’un grand nombt,e de substances, J. M. F. de Lassone described the preparation 
of a combustible gas by heating a mixture of charcoal and zincbxide. A. L. Lavoisier 
also obtained a combustilyle gas with carbbn dioxide when a mixture of carbon and 
alum was calcined; the combustible gas w|8 shown to be different from inflam¬ 
mable air obtained by the action of acids pn metals, and on combustion it yielded 
carbon dioxide. J. Priestley obtained an inflamfhable air by treating haigmer- 
slag (iron-oxide) with well-calcined charcoal. P. J. Mac,queri(1778), L. B. 6. de Mot- 
veau (1784), M. Meusnier and A. L.. Lavoisier (1784), and A.*F. de Fourctoy (1793) 
made conftrmato^ observations, but they did not distinguish between it and the 
inflammable gas composed of carbon and hydrogen. The gases were confused 
and called ii&mmable sir. J. Priestley niMe much of the view of the anti- 
phlogistians that the gas furnished by h&ting iron* oxide and charcoal should 
be incombustible carbon dioxide, wliereas, according to his version of the phlo¬ 
giston theory, the oxides corltsiw water, .and the inflhmmable air from Iron 
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oxide and charcoal was considered to be phlogisticated water. In support 

of this hjTJothesis, J. Priestley argued that when steam is passed over red-hot 
charcoal it is phlogisticated to i^ammablcair. This explanation puxzled the 
supporters of A, L. Lavoisier’s theory of combustion, and P. A. Adet attempted 
a reconciliation by assuming that even the most strongly calcined charcoal still 
contains hydrogen; but J. Priestley (1800) showed that P. A. Adet’s hypothesis 
is not in accord with facts. J. Woodhouse (1799) prepared the combustible air 
bjr heating charcoal with other oxides— e.g. zinc, copper, lead, manganese, and 
bismuth oxides—he too showed that P. A. Adet’s hypothesis is untenable; and that 
the combustible air contains carbon. He concluded that the gas in question is a 
compound of hydrogen and carbon. ' r 

In 1800, W. Cruickshank examined the gas obtained by heating carbon with 
difierent metal oxides, and he showed that it contained no hydrogen, for, on com¬ 
bustion, it yields no water, and furnished nothing but an equal vol. of carbon dioxide. 
Hence, he concluded that it must be an oxygen compound, and called it gaseous 
oxide of carhone —^it is now called carbon monoxide. P. Cldment and J. B. D^ormes 
made some analogous observations and confirmed W. Cruicksbank’s results; they 
determined the composition of the gas, and showed that it is formed when carbon 
dioxide is passed over red-hot charcoal. C. L. BerthoUet opposed the views of 
W. Cruickshank, and F. Clement and J. B. Disormes, for he said that if carbon 
monoxide contains more carbon than carbon dioxide it should be specifically heavier. 
This is not the case, and hence the gas must contain hydrogen, and in 1803, he called 
it hydrogens oxi-carbure. He dScounted the absence of any signs of water in the 
combustion of carbon monoxide by stating that the water remains intimatel^^ bound 
to the carbon dioxide. J. E. Deiman and co-workers (1798) even denied that carbon 
monoxide contains any oxygen at all, and they regarded it as a hydrocarbon. How¬ 
ever, thekubsequent work of A. P. de Fourcroy, J. L. Gay Lussao and L. J. Thdnard, 
W. Henry, and'F. C14ment and J. B. Desormes has shown that carbon monoxide 
contains no hydrogen; that both carbon monoxide and carbon dioxide are 
compounds of oxygen and carbon; and that carbon dioxide contains just twice as 
much oxygen per atom of carbon as is contained in carbon monoxide; or, as 
J. Dalton expressed it, “ carbonic oxide is a binary compound consisting of one atom 
of charcoal and one of oxygen . . . and carbonic acid is a ternary compoimd con¬ 
sisting of one atom of diarcoal and two of oxygen,” t.e. carbon monoxide in modern 
symbols is represented by CO, and carbon dioxide by COj. Carbon monoxide was 
liquefied by L. P. Cailletet in 1877 ; and solidified by S. von Wroblewsky in 1885. 
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§ 28. Ibe Ooonirence and Preparation of Carbon Honoxida 

Traces of carbon monoxide in atmospheric air have been reported by A. Mttntz 
and E. Aubin.i M. Gruber, F. Clowes, J. Ogier and E. Kohn-Abrest, 0. Spitta, 
A. Mermet, etc. Carbon monoxide has been reported in the gases emitted from 
voloamea by T. Poleck,r M. Scholz, E. T. Allen and E. G. Zies, H. Moissan, E. 8. Shep¬ 
herd, A. Gautier, K. W. Charithchkofi, etc. It has been found in various mineralt by 
A. Gautier, W. A. Tilden, R. T. Chamberlin, etc.; in Stassfurt saUi by H. Preoht; * 
in the diamantiferous earth at Kimberley by W. Ramsay and M. W. Travers; ♦ in 
graphite by J. Dewar and G. Ansdell; ® in coal, lignites, and coke by A. W. H. Kolbe, 
F. H. Storer,*etc.; in meteorites by J. W. Mallet,* T. Graham, A. W. Wright, 
J. Dewar and G. Ansdell, R. T. Chamberlin, etc.; in iron and steel by F. C. G Miiller; ^ 
in the ^uegases from various industrial furnaces by A. Desgroz,® etc. It is one of the 
main constituents of water gas. It is also found as an intermediate product in the 
combustion of various hydrocarbons—e.g. in the interconal gases of Bunsen’s flame. 
Carbon monoxide was found in cool gas by P. F. Frankland,® A. Wagner, A. Bunte, 
etc.; and tobacco smoke by J. Habermann,*® R. Liebig, 0. Krause, F. Wahl, 
H. ^hwarz, H. Vohl and H. Eulenberg, etc. M. Nicloux ^ found carbon monoxide 
in the blood of newly-born infants, and numerous observations have been made on 
carbon monoxide in blood. A. Desgrez, and M. Nicloux found about 1'6 c.c. of 
carbon monoxide per litre in the normal blood of dogs. E. Pfliigor found carbon 
monoxide in the intestinal gases of some herbivore, but J. Reiset found none. 
Carbon monoxide has been reported to be formed in the germination of plants. 

J. B. J. D. Boussingault observed that small quantities of carbon monoxiflo 
ate formed at ordinary temp, by the oxidation of organic substances by oxygen or 
atm. ait— e.g. tannic and gallic acids, pyrogallol, etc., in the presence of an alkali. 
F. C. Calvert noted that after being in contact with pyrogallol, thc.oxygen will bo 
contaminated with 2 to 4 per cent, of carbon monoxides according to the cone, of 
the alkali soln. of pyrogallol. The maximum amount is formed with one eq. of 
the pyrogallol and rather more than one oq. of alkali. The reaction is rather import¬ 
ant when, in the analysis of mixed gases, theoxygen is removed bypyrogallol, bemuse 
the results for carbon monoxide, determined after the oxygen, may be too high. 
The subject has been discussed by 8. Clocz, W. Hempel, B. ^ake, L. de St. Martin, 
etc. F. Clowes found that the absorption of oxygen with a mixed soln. of 24 per 
cent, potassium hydroxide and 18 per cent, of hydroquinone is slow but complete, 
without the evolution of carbon monoxide. 

Carbon monoxide and dioxide are found amongst the products of the dry dil- 
filiation of coal and other organic compounds, and, according to L. Vignon,t* this 
•the more, the richer the coal is in oxygen; at 900°, he found less than one^lprd the 
oxygen in the caal appears as a mixture of these two gases. Carbon monoxide and 
dioxide are also formed when carbon or organic compounds are burnt in oxygen or 
air. The former gas is absent if a sufficient excess of oxygen be present— vide 
supra. The equilibrium conditions in the reaction C-1-C02v=iil0 have Imen previ¬ 
ously discussed. Carbon monoxide can be jnade on a large scale by passing carbon 
dioxido derived from lime'kiiqs, and flue-gases, thro^h a bed of heated carbon.'® 
F. C. G. MtUler found that 86 per cent, carbon monoxide is pri^uced when oxygen is 
passed downwards through a vertical quartz tube ^ked with wood charcoal the 
size of linseed. The upper part of the tube should be heated before oxygA is 
admitted, and the combustion should proceed under reduced .press. According to 
A. K. Huntington,carbon monoxide can be recovered from flue gasM, etc.,by passing 
the gas under press, through a soln. of cuprous chloride in ammonium chloride, and 
the carbon monoxide recovered by reducing the press. A. Fritschi used a soln.^ of 
cuprous chloride in hydrochloric acid. The iormation gl carbon monowde during 
the incomplete oxidation of hydrocartons {q.v.) hiw been noted'® A. Kling ^ 
D. Florentra found the amount of caroon monoxide produced in the combustion 
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of fuel gases depended rather on the nature of the burner than on the compo 
sition of the gas. B.. Girard, and E. Kohn-Abrest have discussed this question. 
E. Bunsen ” showed that the incomplete combustion of cyanogen furnishes a 
mixture of carbon monoxide and dioxide. The subject was also investigated by 
H. B. Dixon and co-workers. A. GSrtner has discussed the contamination of the 
air of rooms by gas stoves, etc. L. T. Wright, and T. B. Thorpe observed the 
formation of carbon monoxide ip the combustion of coal gas; I. V. Brumbaugh 
and G. W. Jones, in the combustion of natural gas; Y. Henderson and H. W, Hag¬ 
gard, in the exhaust gases from gas-engines; and W. Cullen, and 0. Poppenberg 
and E. Stephan, in the products of the explosion of blasting gelatin. 

The formation of carbon monoxide by the action of steam on jed-hot carbon 
has been previously discussed; so also has the formation of carbon monoade by 
heating a mixture of carbon with the carbonates of the alkalies, alkdline earths, 
and iron; by heating a mixture of carbon and the sulphates of the alkalies and 
alkaline earths; by heating carbon with sulphur dioxide, or steam and chlorine. 
The formation of carbon monoxide by heating a mixture of charcoal and a metal 
oxide has been discussed in connection with the history of this gas. Carbon 
monoxide is accordingly made by heating to redness mixtures of graphite with the 
oxides of copper, zinc, lead, or iron; or by heating to redness mixtures of iron or 
graphite with the carbonate of an alkali or alkaline earth metal. The carbon dioxide 
is removed by scrubbing with a soln. of alkali hydroxide. H. Jahn found that 
various alcohols are decomposed into hydrogen, and carbon monoxide. According to 
E. Noack,t® when carbon dioxide is passed over heated zinc dust contained in a com¬ 
bustion tube, it is reduced to carbon monoxide; the last traces of carbon dioxide 
ate removed by passing the gas through a soln. of alkali hydroxide. L. P. Kinnicutt 
said that it is more convenient to heat chalk or magnesite with zinc dust, and added 
that after the first five minutes, the gas has a high degree of purity. G. Williams 
noted that hydrogen is produced by heating zinc dust with zinc or some other 
hydroxide, and H. Schwarz obtained a mixture of hydrogen and carbon monoxide 
by heating a mixture of 20 grms. of zinc dust, 22’8 grms. of calcium hydroxide, and 
30 grms. of calcium carbonate. H. Kohler found that carbon dioxide is reduced 
by hydrogen sulphide: C 02 -|-H 2 S=S-f HjO+CO; and A. Eiloart, by the vap. of 
carbon disulphide in the presence of red-hot copper: CS 2 -|-C 02 -|-^Cu= 2 Cu 28 -b 2 C 0 . 
H. W. Paulus prepare^ hydrogen chloride and carbon monoxide by passing a mixture 
of chlorine and steam through a column of incandescent carbon. The hydrogen chlo ■ 
ride can be removed as hydrochloric acid by scrubbing the gases in a water tower. 

E. Ehrenfeldi® found that at a dark red heat, alcohol and charcoal give a 
ihixture of carbon monoxide, methane, and hydrogen. J. A. Muller and E. Peytral 
observed the formation of some carbon monoxide in the pyrogenic decomposition 
of forijua acid. V. B. Lewes found that phenol reacts CaH 50 H-t-C=C 0 -l-CeHe.' 
8 . M. Losanitsoh found carbon monoxide among the products of the action of the 
silent electrio discharge on methyl alcohol. Cresol belmves similarly. M. Berthelot 
represented the reaction between acetaldehyde vap. (2 vols.) and hydrogen (6 vols.) 
at a dark red heat: tCHg.COH^CO-l-CHi. According to R. Bhrenfeld, aluminium 
powder on ethyl alcohol at a red heat furnishes carbon monoxide, ethylene, water, 
and hydrogen, and, aocording-to H. Jahn, zinc dust at 300°-350° gives with methyl 
alcohol a mixture of carbon monoxide, hydrogen, methane, etc.; ethyl alcohol at 
a ted heat gives carbon monoxide, methane, hydrogen, and a little acetylene; ether, 
at 3W°-350°, gives etWene and water and traces of Carbon monoxide and methane; 
formic acid gives carbon ‘monoxide, hydrogen, and a trace of methane; acetic 
acid gives acetone, aoeticr anhydride, carbon monoxide, hydnegen, ethylene, and 
propylene; butyric acid gives carbon monoxide, water, propylene, and a ketone; 
and ethyl acetate gives carbon monoxide and dioxide, ethylene, hydrogen, and 
acetone, finite a numbex of organie Voducts give carbon monoxide and other 
products when heated e.g. aldehyde (A. Kst^ycky and M.Fellm 8 nn); **> citronio acid 
(0. WUde) j dioxysucomio acid and oxomaloipc epter (B. Ansohlitz and H. Pauly); 
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benroyUormio Mid (L. CUisen); etc. A. Biatrayoky found cation monoxide it 
evolTCd when the tertiary acids are treated with sulphurio.acid; and C. P. Cross 
and E. J. Bevan found much oarboji monoxide is formed when cellulose is heated 
with sulphuric and chromic acids. P. Schtitzenberger« found that carbonyl 
chloride when heated with sodium gives sodium chloride and carbon monoxide; 
and J. Davy found that with antimony pentoxide, carbonyl chloride gives antimony 
chloride and trioxide and carbon monoxide, while with arsenic, antimony, tin, or 
zinc, the metal chloride ami carbon monoxide are formed, C. von Than, and 
A. Emmetling and B. von Lengyel said that at a red heat, carbonyl sulphide dwom- 
poses into carbon monoxide, sulphur, etc. A. Cohn and H. Becker found carbon 
monoxide among the products of the action of the light of a mercury lamp on 
carbonyl chloride. L. Mond also found carbon monoxide is given off when the metal 
carbonyls are heated. 

According to J. W. Dobereincr,^^ carbon monoxide can be made by heating 
oxalic acid with sulphuric acid, and removing the carbon dioxide simultaneously 
formed by scrubbing the gas with calcium oxide or potassium hydroxide. In place 
of oxalic acid, J. B. A. Dumas used potassium oxalate, and T. D. Mitchell, and 

L. D. Gale used ammonium oxalate. G. Chevrier passed the mixed gases over 
red-hot carbon, and then through potash-lye and lime-water. J. S. Stas, and 
F. W. Skirrow employed his process. A. Scott said that the gas is contaminated 
with a little hydrogen or hydrocarbons. 

Carbon monoxide is made by gently heating, my, 20 to 30 grme. of cryeiallino oxalic 
acid, (COOH)2.2 HjO, just covered with c-onc. sulphuric acid. The rate of evolution of the 
gBA is determined by tho temp, of the mixture. £q\ml vol. of carbon dioxide and carbon » 
monoxide are produced: {C00H)2 + H 2 S 0 »==HjS 04 + H,04-C0+C0*. Tho formenis 
removed by passing the gas through a series of wash-bottles containing a soln. of sodium 
hydroxide. This process is more troublesome than the formic ac^id firocess. 

• 

M. Berthelot heated cqni-molar proportions of oxalic acid and glycerol to 100°, 
and decomposed the product at 190°-200°. The gas was washed in potash-lye. 
C. Mourcu found that oxalates are decomposed by thionyl chloride into carbon 
monoxide and dioxide. B. Blount obtained carbon monoxide by heating a mixture 
of calcium oxide and oxalate. C. Engler and J. Grimm also noted that many 
formates and oxalates decompose when heated giving off carbon monoxide"; for 
instance, 10 c.c. of ethyl oxalate in a scaled tube at 200? furnish a litre of a 
mixture of carbon monoxide and dioxide, and olefines'in the respective pro¬ 
portions by vol. 48 4; 43 8; 7 8. W. Wislicenus found that the esters of oxaloacetic 
acid at 200°-form carbon monoxide and malonio esters. 

J. W. Dobereiner prepared carbon monoxide by heating formic acid . 01 * a* 
formate with cone, sulphuric acid. The process was employed by F. G6bel, 
J. Eiban, G. Andre, B. Rupp, Lord Rayleigh, etc. V. Merz and J. Tibiriejf used lead 
formate and sidphuric acid. 

Carbon monoxide is perhaps most eonvenienOy made in tho laboratory Sy heating 
cone, sulphuric acid to abou^ 100° in a fiask fitted with a double-borcd rubber stopper; 
one hole of the stopperns fitM with a gas delivery tube, and the other with a tap funnel 
containing cone. (98 per cent.) formic acid, H.COOH. The tip or the funnel di^ below 
the surface of the sulfuric, acid. Each drop" of formic acid produces some bubbles of gas. 
"l^e reaction is simple : H.C00H+H,8O4=H,S0 j.H,O+C 0. There is no frothing, and 
the velocity of the stream of gas is regulated by the rate at which formic aeid is dropped 
on the sulphuric acid. The gas is washed by hubblini^it through a cone. soin. of sodium 
hydroxide. Cone, sulphnrio acid can also be mixed witli sodium formate in a flask j^vided 
with a safety funnel, and very gently warmed. Carbon monoxide is evolved. Tlie rate 
of evolution of the gas depends on the cone, of the acid. * The dynamics of the reaction 
have been studiedsby J. Meyer, V. H. Veley, J. 8. Morgan. T. Okaya, P. Sabatier and 
A. Maihle, M. Wegner, and E. R. Schierz. 

M. Bertbelot found that formic acid d^omposes largely into water and carbon 
monoxide when kept for some hours in a sealed tube at 200°-250°. d Engler and 
J. Grimm found that 10 c.c. of the ^id when heated 8 jhrs. at 160°-160°, forqjsh 
300 c.c. of gas containing 98'8spei;cent, of .carbon monocide and 1*2 per cent, d 
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carbon dioxideethyl formate under eimilar conditions gave 300 o.C. of gas with 
18'2 per cent, of carbon monoxide; 29'8 per cent, of carbon dibxide, 7'2 per cent, 
of ethylene, and 46' 1 per cent of hydrogen. Amyl formate behaves similarly, furnish¬ 
ing amylene in place of ethylene. When formic acid is decomposed by the electric 
current, carbon monoxide, carbon dioxide, and hydrogen are formed, the proportion 
of carbon monoxide is decreased by working under press. A 2 per cent. sob. of 
formic acid was found by J. Biban to give 1'18 c.c. of carbon monoxide, 0’35 c.c. of 
carbon dioxide, and 0-39 c.c. of hydrogen when heated for 24 hrs. G. Andr4 
found that hydrochloric acid accelerated the decomposition of formic acid; and that 
in the absence of hydrochloric acid, some carbon dioxide is formed. M. Berthelot 
and H. Gaudechon found carbon monoxide among the products of tlw decomposi¬ 
tion of formic acid by ultra-violet light. J. E. Lorin made carbon monoxide by the 
action of dehydrated alkali formates or acetates on formic acid at 136°-1^6°. » 

Other carboxylic acids— e.g. tartaric and citric acids—behave in an analogous 
manner to formic and oxabc acids. J. Peterson found that carbon monoxide is formed 
during the electrolysis of malonic acid: CH2(C00H)2-t-H20=3H2-f 2 C 02 -I-C 0 . 
The reaction is said to occur in a series of stages: CH 2 (COOH) 2 =GH 2 (COO) 2 " -t-2H‘; 
CH 2 (COO) 2 -t- H 20 =CH 2 (C 00 H) 2-|-0 ; ‘ CH 2 (C 00 ) 2 =CH 2 -k 2 C 03 ; and CH 2 -t -20 
=C0-fH20. 

The cyanides can be regarded as nitrile derivatives of formic acid. G. Fownes 
made carbon monoxide by heating finely pulverized potassium ferrocyanide with 
8-10 times its weight of cone, sulphuric acid: K 4 FeCjNe-|- 6 H 20 -l- 6 H 2 S 04 = 6 C 0 
-t- 2 K 2 S 04 -|-FeS 04 -|- 3 (NH 4 ) 2 S 04 . A little carbon dioxide and sulphur dioxide are 
■produced at the beginning of the action, but soon afterwards almost pure carbon 
monoxide is given off. If the temp, be too high, much frothmg will occur. The 
process was employed by C. Grimm and G. Bamdob, and by Lord Rayleigh. If the 
acid be tdo dil, hydrocyanic acid will be formed: 2 K 4 FeCjNe-f 3 H 2 S 04 = 3 K 2 SO< 
-f-KjFejCjNe-i-eHCN: 

Carbon monoxide is prepared by heating, say, 30 grma. of potassium ferrocyanide with 
300 o.C. of cone, sulphuric acid in a capacious Oask. In this case, the temp, of decomposition 
is high, and if the mixtiue be hdatea too quickly, the gas is apt to come off so quickly as 
to be ^yond control. If dil. sulphuric acid be used, hydrocyanic acid as well as carbon 
monoxide may be formed. The process is more troublesome than the formic acid process. 

J. "Wade and L. C. Panting used potassium cyanide in place of the ferrocyanide. 
Here again, with dil. sulphuric acid, hydrogen cyanide is produced; and with 
cone, sulphuric acid, carbon monoxide is produced: KCN -)- 2 H 28 O 4 -f H 2 O 
,=pHS 04 -|-NH 4 H 804 -(-C 0 . Presumably hydrogen cyanide is formed in both 
cases', but in the presence of cone, sulphuric acid, formic acid is first produced, 
and this is converted into carbon monoxide. The carbon monoxide is freed 
from catbbn and sulphur dioxides, and from hydrogen cyanide bj scrubbing it 
twice with a cone. soln. of potassium hydroxide. The carbon dioxide is derived 
from the |)re 8 ence of carbonates in the potassium cyanide. 

A. Geuther*® obtained carbon monoxide by the action of an aq. or alcohobo 
soln. of alkali hydroxide on chloroform, CHCI 2 . G. Moser added that some ethylene 
and formic acid are produced at the same time. According to A. Desgrez, the 
reaction with a mixture of 60 gfms. of chloroform, 400 grms. of water, and 50 grms. 
of potassium hydroxide, is symbolized’: CHCla-f 2KOH=2KCl-t-HCl-f H20-)-CO; 
or, C!9Cls-t-KOH=KCl+2HCl-|*CO. T'he reaction is jujcelerated by heat and sun¬ 
light ; it is retarded inidarlmess; and it is faster than when bromoform is used. 
J. Thiele and F. Denb said that 60-100 c.c. can be very conveniently made in i 
nitrometer by adding a few drops of chloroform to a 40 per cent, aq.toln. of potassium 
hydroxide, and shaking the nuxture. G. Andr4, and A. Desgrez noted that when 
eUoroform is heated with ten times its V 9 I. of water to 266°, it furnishes hydrogen 
chloride and formic acid, and that the iatter breaks down into carboy monoxide, 
ate. 0. Andrfi found that wheq a mixtnreiof chloroform and aq. ammonia is 
htetfed for six hours at 2(KI°-^%° atnmnmnm .farKiate itad natbon monoxidv are 
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formed: 2GaClj+3H,0+7NH,=H.C00NH4+6NH«Cl+C0. At 180”, a part 
of the chloroform is not a^cked. A. Desgror and M. Nicloux stated that the 
proportion of carbon monoxide in blood increases during anaesthesia by cfalorofomi. 

subject has been also discussed by L. de St. Martin. According to M. Hermann, 
bromoform behaves like chloroform, but the action is slower. No reaction occurs 
with iodoform; but L. von Stubenrauch found that iodoform is decomposed by 
silver nitrate: CHl8+3AgN03+H20=8AgI-(-3HN03+C0; the reaction is 

apparently favoured by the formation of the. insoluble silver iodide. 

According to M. Tanret, if a mixture of soln. of chloral-hydrate, CCla.CHfOHjj, 
and potassium permanganate be made alkaline, say with potassium hydroxide, gas 
is evolved, th^ liquid becomes discoloured, and sesquioxide of manganese is pwi- 
pitated. If several grams of chloral-hydrate be acted upon, and the temp, not raised 
above 40°, the reaction wiJl last for some hours; then on filtering the liquid the 
filtrate-will be found to contain chloride, carbonate, and formate of potassium. The 
gas evolved is carbon monoxide. The reaction occurs equally well with very dil. 
soln., and even if borax be substituted for potassium hydroxide. This decomposition 
leads to a theory to accormt for the action of chloral-hydrate upon the animal system; 
it is suggested that when this substance is taken into the circulation, it is submitted 
to oxidizing agencies; the alkalinity of the serum determines its decomposition; 
the carbon monoxide displaces the oxygen from the arterial blood, and produces 
an effect similar to that resulting from poisoning by carbon monoxide. The lowering 
of the temp, of the body and the prolonged action of the chloral-hydrate, owing to 
slow decomposition, tend to make this theory more tenable than the assumption of 
its conversion into chloroform. The slow decomposition of chloral by an oxidizing 
agent also explains the continuity of its action as a hypnotic, which would not be tBb 
case if it were transformed into chloroform. A. Desgrez also found that chloral 
is rapidly decomposed by an alkali hydroxide with the formation of carbon monoxide. 
It is assumed that chloroform and alkali formate are produced in the first stage of 
the reaction; that alkali carbonates or hydrocarbonates do not decompose the 
chloral; and that aq. ammonia does not act in the cold. 

The reputed formation of carbon monoxide and dioxide by the action of radium radia¬ 
tions on silicon, titanium, zirconium, thorium, and lead, is probably a mal-inferqnoe fcom 
W. Bamsay’s experiments.'* 
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§ S4. The Physical PropertiN ol Carbon Monoxide 

Carbon monoxide maybe obtained in all states of aggregation. At ordinary temp, it 
is a colourless gas without smell or taste; L. P. Caillctet i condensed the gas by cooling 
and obtained a colourless and transparent liquid ; while S. von Wroblowsky by further 
cooling obtained a snow-white crystalhne solid. A. Liversidge observed denditrio 
crystals. According to W. Wahl, when cooled by liquid air carbon monoxide crys¬ 
tallizes in the cubic system. The manner of growth indicates that the prevailing 
form is that of the rhombic dodecahedron. A. Eucken said that the sojid exists 
in two allotropic forms with a transition temp, at —213°. W. Cruickshank gave 
0'9678 for the relative density of the gas at 0°, air unity; F. J. Wredo gave 0'96779 ; 

R. F. Marchand, 0'96812 in 1845, and 0 87563 in 1848; T. Thomson, 0 9698; 

H. V. Regnault, 0 9673; A. Leduc, 0 96702; and Ijord Rayleigh, 0'96716. The 
last-named found that the relative densities of the gas prepared by different methods 
are in close agreement. For the weight of a litre of the gag, at 0° and *760 Intn., 

P. A. Guye gave 1'2504 grms.; and A. Jaquerod and F. L..Pcrrot gave P250M 
grms. at 0° and 760 mm., and 0 25445 at 1067'4° and 760 mm. P. A. Guye 
also gave for the gas constant R, 22'413. From his data A. Leduc computed 
27’793 for the molecular weight of carbon monoxide if that of oxygen be 
31'96. Lord Rayleigh calculated that the mol. wt. is 27 9989, if that of • 
oxygen be 32; A. Scott gave 27'99 ; and A. Jaquerod and F. L. Perrqt, 28’009 (at 
1067°). The computed mol. wt. is 28 002, and hence at ordinary tom^. carbon 
monoxide approximates closely to an ideal gas. From A. Jaquerdd and 
F. L. Perrot’s datum it follows that there is no perceptible dissociation pt 1067°, 
and the gas is virtually in an ideal state; they also pointed out that the mol. wt. 
of carbon monoxide is. the Same as that of nitrogen, and tha^the relative densities 
and a whole series of physical constants are the same for the two gases—8, 27, 4. 

The comparison was'afterwards used by'I. Langmuir. The spe^O gravity of 
the liquefied gas at different temp., and referred to water at 4°, is, according to 
E. 0. C. Baly and F. G. Donnan ; . ^ 

-206'0’ -200' -WS" -160" (b.p.) -186" *184* • 

Sp. gr., O . . 0-8668 0-8348 0-8138 0-3929* 0-7718 0-7676 

and the data can* be represented by the expression •Z)=0'8658—0-0042(7—68), 
when T represents the temp, on the absolute scale. 

The molecular volume calculated by L. Meyer * from T. Graham’s diffusion 
experiments is 16'4; from H. Kopp’s rulesr 23 2; and from assumption as to the 
vof. of the atoms, 18-8; and from J. Jjosohmidt’s a^umption, 25. The deviations ^ 
are in part due to the difierentscoqpepts involved in the term moL vol.—m tome 
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^ases the vol. odlupied by the mol. is implied, and in othem the sphere of action of 
the mol. A. Naumann also made obsemtions on this subject. D. Berthelot gave 
(bPOSSt for Oo calculated from 

a very small press, p, and Po «the normal press. The weight of the mol. of 
carbon monoxide is 28 xl- 66 xl(r^ grm.; the mean diameter of the mol. is 
3-76 X10"* cm. C. E. Gnye and B. Rudy calculated the mol. diameter from the 
electromagnetic rotation. The mean free path of the mol. computed by J. H. Jeans, 
etc., is 6'8 X 10"« cm.; the collision frequency, 4800 10« encounters per sec.; and 
the molecular veloci^ represented by the arithmetical mean of the mol. velocities 
is 454 metres per sec., and by the mean square of the mol. velocities, 493 metres per 
sec. E. D. Eastman gave for the molar entropy of carbon monoyde 45'6 cals, 
per degree at 26°. P. D. Foote and F. L. Mohlet gave 101 and 14'3 volts for the 
ionization potentials of carbon monoxide. R. Gans discussed the sytometry of 
the mol. of carbon monoxide; M. F. Skinket and J. V. White, and H. B. Wahlin, 
the motion of the electrons in the molecule; and I. Langmuir, E. D. Eastman, 
V. Henri, H. Nagaska, and G. W. F. Holroyd, the electronic structure of the 
molecule —vide 4. 27, 4; L. B. Loeb, the affinity of the mols. for electrons. 
The value of J. D. van der Waals’ constant o=l-38xl0» to 1-43 x 10®, say, 
l'40xl0®; and of his 6=37'7 to 38‘6, say 38'], when vols. are expressed in o.c. 
and press, in atm., and if in litres per mm., o=1064, and 5=0 061. J. A. Muller 
estimated for the degree of polymerization in the critical state, 1'328. 

0. E. Meyer® gave 0 000194 for the viscosity coeff. of the gas. T. Graham’s 
values are 0-0001630 at 0° and O-OOOldlO at 20°. A. Wiillner, and A. von Obermayer 
have made observations on this subject. W. Sutherland gave for the efiect of temp, 
olt the viscosity, q, of the gas r)=j)o(l-t-100a)(l+afl)l(l-t-100/2')“i, where a is the 
coefi. of thermal expansion; ijq, the viscosity at 0°; 6, the temp, in centigrade 
degrees, and T the temp, in °K. C. J. Smith gave for the viscosities of mixtures of 
carbon monoxide and nitrogen, 0 0001665 C.G.S. units at 0°; 0 0001737 at 15°; 
and 0 0002118 at 100°; and the calculated mean collision area is 0-767x10"*® 
sq. cm. The surface tension of liquid carbon monoxide was measured by 
E. C. C. Baly and F. G. Donnan,® who found that 


-205* 

-203" 

-108* 

-m* 

-188° 

-18»* 

1100 

1-063 

9-39 

8-27 

7-20 

6-16 

‘ ell2 07 

108-07 

98-66 

88‘05 

78-86 

63*64 


where Af denotes the mol. wt.; v, the sp. vol. in c.o. per gram; and a, the surface 
tension in dynes per cm. The effect of temp, on the surface tension was represented 
' by 0=23-77(1 —to)® *'®*, where m denotes the reduced temp. J. Dewar gave for 
the spedflccohesion, a®=3-088 per sq. mm. at —203°, 2-824 at —193°, and 2-494 
at —l^i. The efiect of temp, on the mol. surface energy was represented by 
(7(Afi))*=l-996(132-47—T), corresponding with a liquid with normal mol. CG. 
According to W. J. M. Rankine, the velocity of sound in carbon monoxide gas at 
0° is 337-40 metres per sec.; A. Masson gave 339-76 "metres per sec.; and 
A. WfiUner, 337-129 metres per sec. Values were also obtained by C. Bender. 

T. Graham® found that the diffusion of carbon monoxide through red- 
hot iron is such that a capillary tube with walls 1-7 mm. thick allowed 78-6 c.c. 
of hydrogen to pass per sq. metre‘ per minute, and 0-284 o.c. of carbon mon¬ 
oxide imder the same conditions. He also found that the time of transpira¬ 
tion'- of carbon monqxido through capillary tubes is 0-8750 when that of 
oxygen is unity; R. St.'C. Deville and L. Troost verified this observation 
and found that even at ordinary temp., cast- iron is not impqmpus to this gas. 
Similar observations were made by A. J. Morin, and P. J. Coulier. M. Berthelot 
found that at 626°-660° carbon monoxide can diffuse through glass, and at 800°-810°, 
, the permeability is. less. N- B. CampBell discussed the disappearanre of carbon 
monoxide in electric discharge tubes. L. Spjncer found carbon moiunade d^ not 
‘ diffuse in silver. T. Graham fodnd that the gerrpeabilities ot rubber to nitrogen, 
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oubon monoxide and dioxide are in the proportion 13‘585:12'203:1, but Ae ■^ooi- 
tiea of diffusion are as 1; b'llS: 13'585. J. Dewar studied.the rate of diffusion of 
carbon monoxide through indiarubhpr; and A. von Obermayer, the speed of the 
mutual diffusion of hydrogen and carbon monoxide, carbon monoxide and dioxide, 
and carbon monoxide and ethylene; and J. Loschmidt, carbon dioxide and carbon 
monoxide, and oxygen and carbon monoxide. J. C. Maxwell made observations 
on this subject. T. Graham found the speed of diffusion of carbon monoxide through 
a porous plug agreed with his law, velocity of diffusion=D"*. J. Saraeshima and 
K. Fukaya studied the atmolysis of carbon monoxide. F. G. Donnan found the 
speed of effusion of carbon monoxide through a fine opening agreed with T. Graham’s 
law. E. Budde « observed a compression of ,-^th vol. by a press, of 2-79 atm. 
J. 0. Natterer measured the pv-Lsofliemial curves of carbon monoxide. He showed 
thabif unit vol! of carbon monoxide be compressed by 3^ atm. press., the vol. 
is no^reduced :uiSifh as required by Boyles Law, but it is rather reduced ;^,th. 
The values of Po%/P® different values of p, when po% i® unity, become 

„»tin 77 307 629 911 1264 1684 1867 2209 2709 

p,vjpv . . I'OOO 0-936 0-727 0-678 0-464 0-396 0-362 0-311 0-261 

The values of PoOo/po “oy taken to represent the compressibility of carbon 
monoxide. E. H. Amagat found for press, p mm., the following relative values of 
pv at 18°-22°: 

B . 24-1 34-9 66-6 72-2 101-8 177-6 304-1 


27026 


27071 


33919 


pv . 27147 27102 27026 27071 27420 29217 

H. V. Eegnault found the compressibility of carbon monoxide to bo 1-00005 betwwn 
76 and 160 atm.; Lord Eayleigh gave ^=p,Uj/piV=l-00028 between 0-6 fad 
1-0 atm.; and at 13-8° and 0-5 atm., 1-0026. Since pu=po9„(l^p . 
fi=l_ia; and a=d(pu)/pi'.dp=2(l-i3). For carbon monoxide, a ==-x0 00081; 
and C. Schlatter gave —0-00048. B. Mascart made some observations on the 

compressibility of this gas. ...... , ^ inoo 

H. V. Eegnault ’ found the coefficient of thermal expansion up to 100 at one 

atm. initial press.—press, variable and vol. constanf-to bo ’A.m36^ ' 

press, constant at one atm., and vol. variable between 0 and 100 0 0036m 
These values arc very close to those of an ideal gas. A. Jaquerod and F. L. rerrot 
found 0-0036648 between 0° and 1067°, and initial press. 230 mm. at constant vol. 

A. Winkelmann gave for the thermal conductivity, P®' 

sec. per degree between 7° and 8°; A. Wullner, 0 0000499 at 0 , and 0000^5 

at 100°. J. Stefan, and F. Soddy and A. J. Berry made observations on this subj^., 

E. Mallard and H. Ic Chatelier found the velocity of coohng of carbon monedde 
between 1800° and 300° to be represented by F=l;p-^>'’Me-200)' wilereji 

the gas press.; e, the excess of the temp, of the gas over that of its stttvojmdmgs, 
and k is a constant independent of c and p. but dependent on the eh"rwte 
the containing vessel. The value of k for the iron cylinder they used wa4 0 0,^1. 

According to H. V. Eegnault,8 the speciflc heat of 
press, is (>2450-0-2479; and at constant vol., 

found at constant press., 0-2425 between 23° and 99°; .fd 0-2426 betj®®" ^ 
and 198°. M. Berthelot’ and P. Vieille measured the sp. ht. 
and nitrogen monoxides. P. VieiUe estimate *^®.S®^“ 

temp, to be C,=4-8; at 3100°, C,=6-30 ;• at 360r, C,=7-30; and at 810 . 
on the assumption that dissociation does not occur. E. MaUard and H. ’* 

represented the effect of temp, on the mol. ht, ?8. °nd7-^ 

C =4-6+0-0006?. K. Scheel and W. Reuse found flir C,, 7 006 at 18 , and 7 ^ 
at -180°. A. Bucken found the moL ht. of sohd a-carbon 

monoxide./! to be 0,=2-62, and C.=2-68 at 17^5° K.; and C„=13 64 a^^«^ 

at 67'r K. The valuq of 0, was calouuAed from that of 0, by W» Hemt 

F. A. Lindemann’s expresaon V^em *® 

For liquid carbon monoiide» C(|i^l2‘28 a1i62‘^ K., ajid 1447 at 9 • 
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value of P. Debj^e’s constant 6 is 119. A. Casin found the ratio ol the two specific 
heats, OplC„, of carbon monoxide to be 1'41; A. Masson gave 1‘413; A. Leduc, 
1-401; andA.W«llner,l-40320at0°,8ndl-39ij66Atl00°. K.Scheel and W. Reuse 
found 1-398 for the ratio at 18°, and 1-472 at —180°. J. E. Partington gave 1-206 
for the chemical constant. H. C. Urey calculated the entropy of carbon monoxide 
at 26° to be 45-6, and E. C. Tolman and R. M. Badger also calculated values for 
this constant. 

M. Faraday,® M. Berthelot, and J. 0.- Natterer failed to liquefy carbon monoxide 
—M. Faraday worked at 40 atm. press, and a bath of carbon dioxide in vacuo, and 

J. 0. Natterer used a press, of 2790 atm. L. P. Cailletet observed that carbon 
monoxide remains in the gaseous state when cooled to —29° by sulphur dioxide, 
and kept under a press, of 300 a^m.; if, however, the press, be suddenly relieved, 
an opaque mist is produced by the liquefaction of the gas. S. von 'Wroblewsky and 

K. Olszewsky found that carbon monoxide is not liquefied by a press, of 160 atm. 
at —136°, but if the press, is suddenly released, liquefaction occurs, and if the release 
of the press, be not too rapid, the gas is completely liquefied. They announced 
their discovery in a despatch to the Paris Academy, April 21,1883, in these words: 
“ Oxyde de carbone liqu4fie dans les mSmes conditions que I’azote. Memisque 
visible, Liquide incolore.” In the modern apparatus, the liquefaction of carbon 
monoxide is a comparatively simple operation. 8. von Wroblewsky found that if 
liquid carbon monoxide be evaporated in vacuo, the temp, falls to —200°. 
K. Olszewsky found that the liquid freezes to a snow-like mass or an opaque solid 
when the bquid is evaporated in vacuo. Before solidification occurs, 8. von 
Wroblewsky said that the liquid becomes viscid and turbid. At a press, of 90-100 
mfli., and at —199°, a crust of solid forms on the surface of the liquid; the crust 
then crazes, and the whole mass solidifies. K. Olszewsky found the temperature ol 
Uqnetaction, 8°. of carbon monoxide under different press, p, in atm. to be: 

p . . . ; 25-7 21-6 18-1 14-8 4-6 1 0 

9 • • . • -145-3° -148-8° -152-0° -155-7° -172-0° -190 0° 

8. von Wroblewsky, K. Olszewsky, and B. Cardoso respectively give for the critical 
temperature —1411°, —139-5°, and —138-7°; and for the critical pressure, 36-9, 
36-6,land 34-6 atm. H. K. Onnes and co-workers gave —132° for the critical 
temp, and 36-9 for the critical press. E. Cardoso gave 0-3110 for the critical 
density; and D. A. 'Goldhammer, 0-2982. i 8. F. Pickering gave for the best 
representative values, 9„=—134-4°; pe=34-6 atm.; and 2)c=0'3110. Carbon 
monoxide furnishes a colourless transparent liquid with a marked penisous. It 
.evaporates very quickly. K. Olszewsky gave —190° for the boiling point at atm. 
press,, and 8. von Wroblewsky, -193°. The latter also said that it boils at -190° 
under a j^festf. of 736 mm., and at —201-6° under 40 mm. press.; and if 6 per cent, 
of carbon* dioxide be present, the bquid boils at —116° under atp. press. The 
vapour pressures of the bquid and solid have been measured by^. Olszewsky, 
8. von Wfoblewsky, E. C. C. Baly and F. 6. Donnan, and H. Happel. The values of 
8. von Wroblewsky are: • _ 

-201-8” *168-83" -197-5" -190" -169-7” -161-73“ -147-73" -141-2" -140-2“ 
Vap. press., p ^40 100 190 735 12-80 16-2J 23-58 34-42 39-0 

Solid p la mm, Uqald p la atm. 

B. C. C. Baly and F. G. Donnan.gave: • 

< -206" -200" -105" -191“ -190" -185" -183" 

Vap. press,, mm, . . If4-S0 248-80 483-96 772-36 863-06 1429-98 1722-63 

I,. P. CaiUetet found that carbon monoxide sobdifies at —211°; S*von Wroblewsky, 
at —199°; and K. Olszewsky, at —207° and under 100 mm. press. The melting 
pitint, according to A. Eucken, is —212-6°, or 60'4° K. The solid exists in two 
forms with a. transition point,at —213 ° or W° K. Hence, 

-191“ -aae* , -as“ 
C;Pgu£^COj|qu|<ltf,SCOa.9el^|&SpOa.80Hd 
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A. Encken found 144'1 cals, per mol for the beat d tmulormation of the soUd; 
224'1 cals, per mol for the brat of fusion ; and 1414 cals, per mol for the heat <A 
vapprisation. E. Bennewitz and. E.| Simon studied Trouton's constant for carbon 
monoxide. 

J. Thomsen 10 obtained for the beat of formation of carbon monoxide 
C+O=CO+30'315 Cals.; M. Berthelot and C. Matignon +261 Cals.; and 
M. Berthelot, 26’7 Cals, with diamond carbon, and28'7 Cals, with amorphous carbon. 
H. Jilptner von Jonstorff found the free energy, F, of the reaction C+i08=C0 
to be ii'=28652'2+2-532'+4’56r log po.VPco; and for the reaction C+C08=2C0, 
f=-40657-8+40-15r+4-56r log pco,/Pco*- G- Bodlander, and E. Baur made 
observations on this subject. The heat of solution of 28 grras. of carbon monoxide 
in an acid^soln. of cuprous chloride was found by H. Hammerl to be 11’37 Cals. 
J. Bfonn calculated 5000° for the temp, of combustion of carbon monoxide, and 
for the heat of combustion of carbon monoxide, P. L. Dulong gave 69'9 Cals.; 
and C. Grassi, 52’5 Cals. T. Andrews found for a litre of carbon monoxide with excess 
oxygen,3’057 Cals.; for a litre of oxygen with excess carbon monoxide, 6’114Cals.; for 
a gram of oxygen with excess carbon monoxide, 4 255 Cals.; and for a gram of carbon 
monoxide with excess oxygen, 2'431 Cals., P. A. Favre and J.T. Silbermann gave 2’403 
Cals, per gram of carbon monoxide. J. Thomsen gave C0+0=C02+66'810 Cals.; 
and (CO, 0, aq.)=72-69 Cals. M. Berthelot gave 68 3 Cals.; D. Lagorlof, 68'4 
Cals, at constant vol.; and M. Berthelot and C. Matignon, 67'9 Cals, at constant 
vol., and 68'2 Cals, at constant press. The subject has been discussed by H. E. Arm¬ 
strong, A. Boillot, and by S. U. Pickering—cidc combustion of carbon. 


Carbon monoxide thus represents partially-burnt carbon. When formed by the co^* 
hustion of carbon in air, the product is called aimple producer gaa. It is used as a fuel in 
tho 80 -callod gaS'firings In the ideal case, producer gas contauA 34*7 per oenfc. by^ voL 
or weight of carbon monoxide, and 66*3 per cent, of nitrogen. One pound of carbon furnishes 
6*711^. of simple producer gas : • 

Heat units. 

One pound of carbon biuning to carbon dioxide gives .... 8080 

6*71 lbs. of producer gas burning to carbon dioxide gi^o .... W88 


' Difference.. ' . \ ^ 

This difference, opproximately 31 per cent., represente a kind of dead char^ on tlw process 
of converting the solid fuel into gaaeous fuel—simple producer g^ It shows that w far 
as mere fuel-saving is concerned, the use of gaseous fuel in preferwice to direct firing la not 
necessarily economical. 


W. H. Miiisr 11 showed that carbon monoxide gas is transparent to the chemical, 
rays. The index of refraction has been determined by E. Mascart, F. Perreau, 
J. Koch, H. C. Bentschler, M. Croullebois, C. and M. Cuthbertson, 3. l^emencio, 
F. Mohr, and g. Gruschke. The following are selected from their resulte lor bgbt 
of wave-length A: ^ 


. 334'2 471-3 601-6 540-2 689-6 644-0 670-9 6®7'* 

Index 1-0003442 1-0003394 1'0003379 1-0003361 1000349 1 0003328 1-0003326 1-00033266 

T. M. Lowry inferted,from the index of refiaction and sp. inductive capacity t^t the 
mol. is not internallv ionized. E. Mascart gave for the dispersion 0-0076. A. Ewdt 
and W. C. Bontgen found 0-000232 for the’electtomagnetio rotation Of the pme 
of pedatiaed light in carbon monoxide af 20° and atm. press., referred to that 
of carbon disulphide at the same temp. E. von Bahr mewuted the ako^Hon of 
the ultra-violet rays by carbon monoxide; H. Baerwald| A. Becker, and J. Bobi^n, 
the absorption cdfeff. for cattiode kays ; and J. J. McHenry, the actio n t he 
podtive rays on carbon monoxide. A. Forshaw investigated the lonunoiKy of 
the bnming gas. The speotrom of carbon monoxide has been d^ussed in con¬ 
nection with that of carbon. E. C. Kenibtl computed the relative intei^bes of 
the bands in the ultra-red spectrum hand C. Sohjefer, and M. ThomM studied pe 
structure of the ultra-reft absornfiion spectrum; and V. Henri, the absorption 
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spectrum. M. Duffleux calculated the mass of the particles th*t emit the spectrum 
of carbon monoxide. W. W. Coblentz measured the alt^p-red spectrum of carboji 


monoxide at 0^ mm. press, and obtained the^result shown in Kg. 35. 0. Schaefer 
measured the ultra-red spectrum of carbon 
monoxide. 

G. Gehlhoff measured the cathode M of 
.potential of carbon monoxide eliminating the 
effects of decomposition. He was unable to 
confirm the statement that the cathode fall of 
potential of a compound gas is the sum of the 
s~^6/i separate values calculated for the component 
H/dn-UngCfi ■ atoms. G. Stead and B. 8. Gossling gave 15 

i’m. 35.-TJltra.redEmieeion Spec- yolt8.andC.G.Found 13-6to U’folteforthewnifr 
trum of Carbon Monoxide. m? Potential; and A. L. Hughes and A. A.'ihxon, 
7’2 volts. P. D. Foote and F. L. Mohler 


found two ionizing potentials, 101 volts and 14'3 volts; and C. A. Mackay gave 
14'1 and 16’6 volts. H. B. Wahlin measured the affinity of the mols. of carbon 
monoxide for the electrons. B. P. Metcalfe measured the ionization by o-rays in 


various gases. Assuming that the additive law applies, the value for carbon was 
0'42 from the series oxygen, carbon dioxide, carbon monoxide; while for the series 
methyl, ethyl, and butyl alcohols the value 0’69 was obtained, and a similar value 
was obtained for carbon from the series hydrogen, methane, ethane, propane, butane, 
and pentane. Hence, only for a series of related compounds is the additive law 
applicable. The combustion of dry filtered carbon monoxide gives rise to ions of 
an order of mobility totally different from those produced by the moist gas. Direct 
comparison of the ions produced in air by radium and by a dry carbon monoxide 
flame showed that the mobility of the positive ions is 20 per cent, greater, and of 
the negative ions 70 per cent, greater, in the case of radium. Hence it is inferred 
that the ions produced by the combustion of carbon monoxide and by radium have 
very similar mobilities and are probably identical. M. F. Skinner and co-workers, 
and R. N. Chaudhuri also studied the motion of the electrons in crossed electric 


and magnetic field.«. M, Brotherton studied the emission of electrons when liquid 
alloys of •sodium and potassium act on carbonyl chloride. 

. M. de Broglie, and Y. Hoeper measured the electromotiTe force of carbon 
monoxide and oxygen gas cells, and found the e.m.f. of the combination Pt; CO : 
HCl: HgCl: Hg; HgCl: HCl: 0: Pt is 0'46 volt, and when carbon is substituted 
for platinum, a similar value is obtained, H. Kallmann found that'the e.m.f., B, 

' of pells containing carbon monoxide, carbon dioxide, and oxygen on one side 
of a glass will, and air on the other at 717° and at press, between 800-920 mm., 
could be'^pressed by the equation £=1-118—0'0707 log paojpcopco,*- From 
the effects obtained by mixing air with the carbon monoxide, V. Hoeper inferred ' 
that oasbon monoxide is not indifferent to oxygen but unites with it to 
form carbon dioxide. It was also found that the potential difference between 
• platinum and a solni of cuprous chloride is the same whether the soln. contains 
carbon monoxide or not. Similar results were obtained with carbon. The 


basis of W. Borcher’s cell, Cu-: CO: CnCl: 0: C, is Cu: CnCl: C with an e.m.f. of 
0'46 volt. The e.m.f. is not apprecirfoly affected by introducing carbon monoxide 
about the copper electrode an^oxygeri about the carbon electrode. The oxygen, 
however, prevents the jieparation of copper at the carbon electrode, and thus the 
element cannot assume thh form Cu: CO: CuCl: Cu with an e.m.f. pracrioally 
zero. The carbon monoxide is oxidized to carbon dioxide at tlto copper electrode; 
and this gives a continuous current. F. Haber and A. Moser made cells in the 


f(dlawing manner; ^ 

The h>wei end of a test-tuB» was etched inside and outside with hydrofluoric acid, tte 
ropj^ienad surfaces moistened with platinio chlorite and heated eo ns to produce a coating 
'V spongy plarinum j electriool contact was made .to the coatings by moons of datinum 
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wihWj ^table tobM were introduced to allow carbon monoxide, oxycen, or other 
. brought mto coijtact with the platinum coatings. The whole was heated by 
a jacket of boihng sulphur or phosphorus pentasulphido. The hot glass itself acted as 
the eleotroljrto, the two coatings of pktintun being the electrodes. Air about the outer 
ooatmg may be considered as the gas about one electrode. 


The e.m.f. observed for CO+iO2=C0j. were in agreement with those calculated from 
T+OOOnrs—4’56 logio pi'oJPiopc,o,*~^'95T, between 
717 and 791 . When pure carbon monoxide is used, it decomimses in presence of 
the platinum, depositing carbon. This deposit of carbon produces an e.m.f. of 
nearly 1 volt. That the e.m.f. is due to the carbon is proved by the fact that it 
persists in pupsence of carbon dioxide, but disappears it oxygen be passed in. The 
resistance^ of the carbon monoxide-oxygen cell is about 500 ohms. When closed 
through an eifternal resistance, a current was produced which at first rapidly 
diminished; after a minute it reached the value 0-32x10-* amyibre and the 
e.m.f. of the cell had fallen to 0 26 volt. M. Faraday, and .1. PlUcker found 
carbon monoxide to bo diamagnetic. L. Boltzmann gave for the dielectric 
constant at 0°, and one atm. press,, 1000690; J. Klemencic, 1000695, and 
A. P. Carman and G. T. Lorance, 100099. H. Riegger found 1002633 at 
—189°. C, E. Guye and R. Rudy measured the electromagnetic rotation of the 
gas. H. Weigt gave (01180 + 0 0016)xl0-** for the electrical moment of carbon 
monoxide. 
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• § 26. The Solubility ol Carbon Uonoxide 

H. Dat^y 1 reported that water absorbs ,'„th of its vol. of this gas; J. Dalton 
said ^th; and T. de Saussure, j',th. Otjier observations have been made by 
K. Angstrom, A. Christoff, S. Gruewasz and A. Walfisz, G. HUfner, E. Wiedemann, 
and A. Findlay and H. J. M. Creighton. R. Bunsen represented his determinations 
of the solubility by the formula; i3=0 032874-0(X)081632d4-0 000016-42192, 
where the al^orptioii coefficient, denotes the vol, of carbon monoxide reduced 
to n.p. B, absorbed by one vol. of water when the press, of the gas apart from that 
of the solvent is 760 mm. F. Hcnrich recalculated R. W. Bunsen's data and gave 
the formula ^=0 032784-0 00080094d+0 00001587292. The following is a 
selection from L. W. Winkler’s observations: 

0® 5* 10® 16* 20’ 40* 60* 80* 100® 

8 . 0'03537 0 03149 0 02816 0 02543 0 02319 0 01775 0 01488 0 01430 "o-OUlO 

q . 0’0044 0 0039 0 0035 0 0031 0 0028 0 0021 0 0015 0 0010 0 00^ 

It also includes q, the number of grams of carbon monoxide abforbed by 100 grms. of 
water at a total press, of 760 mm. The solubility coefficient, 1, representing the 
ratio of the vol. v of the gas absorbed at any press, and temp., to the vol., V, of the 
absorbing liquid such that l=vjY, can be calculated from the absorption ooeff. by 
the relation l=j3(ld-0 00367d), G. Just gave 0 02586 for water at 20°, and 0'02404 

for water at 25°. K. Angstrom estimated that the absorption by water of a vol. 

of carbon monoxide equal to its own vol. causes an expansion of 0 00127 vol. 

According to F. Leblanc,® soln. of cuprous chloride in hydrochloric aoid r&dily 
absorb carbon monoxide, and this is accompanied by a slight rise of temp.; api- 
moniacal soln. of cuprous chloride is also a good absorbent. The soln. sat. with 
carbon monoxide can be treated with much water without the separation of cuprous 
chloride, or ttfe evolution of gas. The gas is given off when the soln. is boiled or treated 
in vacuo. These soln. of cuprous chloride are accordingly used as absorbent} for* 
carbon monoxide in gas analysis —vide cuprous chloride, 3. 21,13. A..Kropf found 
that a little stannous chloride in a hydrochloric acid soln. of cuprom! chloride 
increased the absorptive power for carbon monoxide. A. T. Larson and C. 8. Teifa 
worth studied the absorption of carbon monoxide by ammoniacal soln, qt cuprous 
carbonate and formate. ]^. Jean showed that the gas is also absorbed by an 
ammoniacal soln. of silver oxide. A. Desgrez and co-workers, qnd A. Piutti discussed 
the rate of absorption of carbon monoxide by chromic acid, potassium permanganate, 
alkali peroxides, and iodine pentoxide, from currents of gas. A. B. Lamb and 
co-workers reported on the removal of carbonsmonoxide from air. 

1^ W. Winkler developed an empirical'relation between the absorption ooeff,, 
and the viscosity ooeff., r), such that at temp. 6 and fli, ^ • 

i?« ‘ A ■ 

where A is a constant, and M is the mol. wt. of the gas. T. E. Thorpe and 
J. W. Rodger showed that the real relatian^oan be represented by 

75 m • 
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K. Angstt6m foAnd that the increase in the vol. of water sat. with carhon monoxide 
is 0-0000418, or 0’00127 per unit vol. of gas absorbed. The press, necessary to com¬ 
press the gas from unit vol. to 0 00127 vol. is^2(p atm. L. Cassuto measured the 
effect of press, on the solubility of carbon monoxide in water. P. Villard observed 
no signs of the formation of a hydrate when carbon monoxide dissolves in 
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water. 

A. Christoff * measimed the solubility coeff. of carbon monoxide in dil. sulphuric 
acid, at 25°, and found for water, 0’02482; for 36'82 pel cent, sulphuric acid, 0'0114; 
for 81'62 per cent, acid, 0 00958; and for 95’6 per cent, acid, 0’0245. 6. R. Fonda 
measured the solubility in aq. soln. of sodium hydroxide, of potassium hydroxide, and 
of sodium nitrate. The results with the -alkali-lye are attended by 4he formation 
of sodium formate: CO-fNaOHv^H.COONa; if Po represents the initial press, of 
the carbon monoxide, and p the press, at the4ime 
t, h=\h$(pQlp)\lt. The results are shown graphi¬ 
cally in Fig. 36. 

The solubility of carbon monoxide in a num- 
■’I I I I ber of organic solvents has been determined. 

M. Berthelot said that the solubility in ethyl alcohol 
is seven or eight times as great as it is in water. 
L. Carius found that the solubility in ethyl 
alcohol between 0° and 25° was constant within 
the limits of his experimental error such that 
Air/ndl/ty of the seluthn ^=0-20443, but G. Just gave for the solubility co- 

Fio. 86.-SolubiUty of Carbon T’, 

^oQoxido in Solutions of PotoS' 01901 fttid 01921, methyl (ucohol, 01830 snd 
Slum and Sodium Hydroxides. O’1955 ; amyl alcohol, 0'1706 and 0’1714, aniline, 
< 0’05055 and 0’05358; carhon, disulphide, 0 08112 

and 0-08314; .nUrdbemene, 0 09105 and 0 09366; benzene, 01645 and 0’1707; 
acetic add, 0’1689 and 0'1714; xylene, 01744 and 01781; toluene, 0’1742 and 
0’1808; chloroform. 0’1897 and 01954; amyl acetate, 0’2108 andO’2140; acetone, 
0'2128 and 0’2225; isobutyl acetate. 0’2314 and 02365; and ethyl acetate, 
0’2419 and 0’2516. A. Christoff gave for the solubibty coeff. of carbon monoxide 
in dher at 0° and 10° respectively 0’3618 and 0’3842. G. Claude measured 
the solubility of carbon monoxide in ether between 20° and —40°, and for press, 
up to 1600 atm. 8. Gniewasz and A. Walfisz found 100 vols. of petroleum absorb 
13’4 vols. of carbon monoxide at 10°, and 12’3 vols. at 20°. P. ifalciola made 
cryoscopio observations on the solubility of carbon monoxide in water,/ormto add, 
* aeetio acid, benzene, nitrobenzene, acetophenone, phenol, p-xylene, bromoform, and 
ethylene dibnomide. 0. Lubarsch gave for the solubility of carbon monoxide in 
mixturetf-pf ethyl alcohol and water at 20° and 760 mm. 


Per cent.alcohol . . 0 9-9 16’67 23-08 28-67 33-33 60-00 

Percent. CO absorbed . 2-41 1-87 1-76 1-68 1-60 1-94 3-20 

F. W. Sldrrow observed the solubility of,carbon monoxide in a number of mixtures 
at 25°— e.y. in a soln. of aniline, carbon disulphide, naphthalene, phenanthrene, 
a-naph(hol,j3-napMol, ethyl alcohol, nitrobenzene, chloroform, toluene, or benzene 
in acetic acid, acetone, benzene, or toluene; also in mixtures of methyl alcohol with 
chlozoform or glycerol, or in a mixture o*f carbon disulphide and ethylene diobloride. 
• It was concluded that* the solubility in various mixtures of organic solvents is, in 
general, an additive function. * e * 

According to A. Schwenkenbecher,* carbon monoxide is not absorbed through 
the sWa. G. Hflfner found the absorption coeff. in hsmoglobin between 19-50° 
and 20'26° varies from 0’0^18 to 0-02^. Hence, the gas is less solnUe in hemo¬ 
globin soln'. than in water. A. Findlay and H. J. M. 'Creighton measured the 
•'sdtpbility of carbon mqnoxide ih the Uood a^ ^erum-of the ox. In both cases 
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the solnbiiity is less than in water. N. Gr^hant found that h30 c.o. of blood 
absorbed from air mixed w^th carbon monoxide: 

Parts of CO . . 0-001 0 0068 000260 0 00187 0 00083 0-00087 0 00038 0 00019 

Absorbed CO in 1 hr, 8 0 4-1 3 0 1-8 — 0-69 0-44 0-22 

Absorbed CO in 2 hra. 10-0 7-8 4-2 3 1 1-83 1-18 0-88 0-45 

J. Hunter * found that one vol. of wood charcoal at ordinary temp, adsorbed 
21-2 vols. of carbon monoxide, reduced to. 0° and 760 mm.; R. A. Smith found 
6-00 to 6-03 vols. of gas were adsorbed. J. Dewar found that one c.o. of wood 
charcoal at 0° adsorbed 21 c.c. of gas, and at —185'’, 190 c.o.; 27 5 cals, of heat 
were developed during the adsorption. J. F. Homfray, W. Hempcl and G. Vater, 
and E. BluiAtritt made observations bn this subject— vide supra. T. Graham 
observ^ that at a dull red heat, iron absorbs 4-15 vols. of carbon monoxide which 
is giW up at a higher temp, or in vacuo. H. Caron said that molten cast iron does 
not absorb carbon monoxide—iwfc supra, diffusion of carbon monoxide. A. Sieyerts 
and W. Krumbhaar found carbon monoxide dissolves in solid and in molten nickel, 
but it does not dissolve in copper at 1520°. A. Matthiessen and W. J. Russell said 
that copper melted under charcoal does not adsorb carbon monoxide, but H. Caron 
reported that molten copper absorbs some carbon monoxide and gives it up on 
cooling. T. Graham found that silver adsorbs 015 vol. and gold 0-29 vol. of carbon 
monoxide. The adsorption of carbon monoxide by iron, nickel, cobalt, copper, 
palladium, and platinum was studied by H. S. Taylor and R. M. Burns vide the 
respective metals—and also by copper, cobalt, manganese, and silicon oxides. 
W W Hurst and E. K. Rideal studied the adsorption of carbon monoxide by 
copper, and copper-palladium. A. Berliner, F. H. Pollard, and D. I^u'nvsi 
found that platinum absorbs carbon monoxide. Accordmg to M. Bertlielot, the 
vol. of carbon monoxide retained by air-dried day-soil is'equal to the vol. of 
air which it can retain, and hence the retention of carbon monoxide by the earth 
after an explosion in a mine, for example, is not due to any specific action 
between the soil and the gas. For the solubility of carbon monoxide m glass, 
vide supra, diffusion. . 
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§ 28. The Chemical Properties of Carbon Monoxide * 

• .Carbon monoxide can be preserved an indefinitely long time in a glass gas- 
holder.i According to W. Hcnry,^ and J. Hficker, the gas is slowly decomposed 
by the pTO^age of an electric discharge, forming, said H. St. C. Deville, carbon and 
carbon dioxide; if the latter gas be absorbed by a soln. of potassium hydroxide, 
the decoipposition may be complete. H. Bufi and A. W. Hofmann said that the 
induction spark is without action on the dried gas. J. N. Collie noted that carbon 
monoxide is far more^table than carbon dioxide. He stated that the gas may be 
treated with powerful sparks for half an hour without an appreciable result, and the 
product gives no turbidity with baryta-water. If, however, the current be sufficiently 
strong to make the negative electrode red hot, a very small amount of carbon 
dioxide is pri^uced, too little tp measure, but sufficiently great to cause a white 
precipitate with baryta-water, and small specks of sometMng black, presumably 
carbon, collect on the ^sitive electrode. P. Q. Tait and T. Andrews observed that 
the silent discharge c^ed the gas steadily to ojontract. After ^ hrs.’ exposure, 
the gas had contracted one-third in vol. and contained carbon dioxide, oxygen, 
and undeoomposed carbon monoxide. A bronze-coloured deposit appeared on the 
positive electrode. This deposit was ^vestigated by M. Berthelot, etc .—vide 
carbon suboiide. A. Hrau and F. Buss studied the action of an electric arc between 
pUt^um electrodes in oar^n monoxide contaified i]\,a quartz tul^. A. T. Cameron 
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' and W. Baidsay found carbon dioxide is formed wben radiorn enanation acts on 
carbon monoxide. 

H. St. C. Deville * found that carbon monoxide is reversibly decomposed at a 
bright red heat : 2C(MC+C02,' bdt, said M. Berthelot, the amount decomp(»cd 
is very small. Very little change was observed in carbon monoxide contained in a 
quartz tube at 1000°, and rapidly cooled. C. Langer and V. Meyer said that carbon 
monoxide is not appreciably affected at 1200°, and at 1690° the gas is partially 
decomposed; but H. C. Wtdtereck said that the dissociation begins between 670° 
and 680°. F. Wtirtenberger observed that the carbon monoxide in producer gas 
at 1000° was practically decomposed: 2C0=C02+C. A. Gautier said that the 
formation of carbon dioxide at 560° is perhaps conditioned by the presence of a 
trace of hydrogen in the gas: 2C0+2H2=C02+CH4. The reversibility of the 
reacjiion, Snd the eqnilibrium conditions have been previously discussed in connec¬ 
tion tpth the action of oxygen on carbon. ,By using a catalytic mass of palladium 
deposited on activated charcoal or upon activated silicic acid, 6. I ester and 
G. Bmde found that the reaction 2C0=C-|-C02 occurs at moderate temp., 
thus, at 66°, one per cent, carbon dioxide was formed; at 110°, 11 per cent.; and 
if the mixed gases were left in contact with the catalyst, 0'6 per cent, at 35 ; 
12 per cent, at 100°; and 55 per cent, at 240°. A little hydrogen was also derived 
from the moisture in the silica. •, i 

According to K. G. Falk,i and M. Berthelot, mixtures of carbon monoxide and 
hydrogen do not show any inclination to react when inflamed; and H. le CaateUer 
and 0. Boudouard found the inflammability of the mixture is such that if n and n 
respectively represent the lower limits of inflammability of carbon monoxide and 
hydrogen in air, and N and N' the limits for the gases separately mixed with air, 
then the relation n/N+n'/N^l holds approximately. M. Berthelot found that if 
sparks from an induction coil be sent through a mixture of carbon moimxide and 
hydrogen, traces of acetylene are produced only when moist pota^iuni hydroxide 
is present to absorb the moisture and carbon dioxide which are formed. B. C. Brodie 
foLd that when the mixed gases are sparked, the decrease in yol. is accompanied 
by the formation of some methane, carbon dioxide, and small drops of a liquid, 
probably formic acid, H.CO.OH. M. Berthelot obtained ethane, and a eondemtion 
product, (C-HsOsK. With the equal vols. of the mixed gases in an Mon^ tube 
8. M. Losanitsch and M, Z. Jovitschitsch, and A. de Hemptmne observed th 
formation of formic aqid, H.CO.OH ; M. Berthelot, the “““ 

„pn_L«TI —P H fl —»iH,0 • and A. Slosse, and A. Nowak, and W. Loo, tne 
formltion of formSdehyde, H.CO.H, and methyl alcohol, ^HsOH. W\ oWrved 
that some glycollic aldehyde is also formed. E Sarrau and f 
KdLtion of Lrbon monoxide to methane in the presence of finely-djvided mckel. 
A. Gautier represented the formation of carbon dioxide in 

* that water is ftstformed and th** this reacts with the monoiade to ^ 

He said thereduction begins atabout400°,andthatsomemethaneisfom^.^ 

a mixture of carbon monoxide and hydrogen is passed oyer h"® 7 

190°-200°, a teactionf sets in, CO-f 3H2—CH4+H2O+5 i 

smoothly at 250°. The nickel is not appreciably influenced durmg the operation. 
At 2W°fsome carbon Me is also form^. The.reduction of mbon moi^ 
bv hydrogen in the presence of finely-dividad cobalt bepns at 270 and 

I F. Armstrong^ T. P. Hj^ditch • 

in \he presence of nickel, one of the reactions w J fom^on of 

formed when nickel is the cat^lyzt.W but UtHe when.iron is the catalyst., Az 
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indicated above, Fester and Q. Brude passed a mixture of hydroged and carbon 
monoxide over palladium deposited on activated chaicoaLot silica, and found 161 per 
cent, of carbon dioxide a:t 100°. F. OrlofE noted the formation of some ethylene, CjIIj, 
when nickel or palladium is used as catalyst at 9b°-100°; but Q. Fester and 0. Brude 
could not confirm this. G. Fester, however, confirmed the observation that with 
nickel or palladizcd asbestos as catalyst, at 100°, unsaturated hydrocarbons and 
not methane are formed. The catalyst soon loses its activity. H. S. Elworthy 
and E. H. Williamson patented processes for converting water-gas—a mixture of 
carbon monoxide and hydrogen—into methane. D. Berthelot and H. Gaudechon 
found that in ultra-violet fight, a mixture of carbon monoxide and hydrogen 
produces some formaldehyde. M. Mayer and V. Altmayer found that carbon 
monoxide is reduced to methane by calcifim hydride at 400°-600°. * 

Carbon monoxide is combustible and readily burns in air or ozygeh, fotpiing 
carbon dioxide: 2C0+02=2C02, so tljat, as J. L. Gay Lussac,® and B. Lgpsius 
showed, two vols. of carbon monoxide unite with one vol. of oxygen to form two vols. 
of carbon dioxide. A mixture of the two gases is explosive. The flame of burning 
carbon monoxide is blue, and, according to J. W. Draper, the colour is the same 
when the gas burns in oxygen. According to M. Berthelot and G. Vieille, carbon 
monoidde burns more slowly than hydrogen or the fatty hydrocarbons ; and still 
more slowly in the presence of carbon dioxide. The carbon monoxide and oxygen 
unite when heated, when exposed to electric sparks, or, according to W. G. Mixter, 
and A. de Hemptinne, when the mixed gases are exposed to the silent electric 
discharge ; combination also occurs when the mixed gases are passed over finely 
divided platinum and some other metals. A. B. Bay and F. 0. Anderegg 
studied the oxidation of carbon monoxide during its passage, mixed with oxygen 
or air, through the silent discharge or over catalysts. F. Haber and F. Richardt 
found tha^ in the presence of heated palladium wire, the union of the two gases is 
complete at 300°. W. W. Hurst and E. K. Eideal studied the catalytic effect of 
copper and the promotor action when palladium is present. For catal 3 dic actions, 
and the action of ultra-violet fight, vide infra. S. Medsforth studied the catalytic 
action of ceria, thoria, beryllia, alumina, silica, zirconia, magnesia, the oxides of 
chromium, molybdenum, vanadium, and tin, and the metals copper, silver, and 
nickel^—nide methane. R. T. Haslam considered that both the reactions usually 
represented: 2 C 0 -|-O 2 = 2 CO 2 and 2 H 2 -|- 02 = 2 H 20 , are trimolecular, and found 
the ratio of the velocity constants between 900° and 1500°.to be kaJKcn=2'&^, 
meaning that the hydrogen burns 2 86 times as fast as the carbon monoxide. It is 
supposed that the mechanism of the combustion of the individual gases alone is 
Uifleient from what it is when the gases are'burned in the presence of one 
another. W., A- Whitehead and J. C. W. Frazer found that manganese oxide, and 
T. H. Rogers and co-workers, and D. R. Merrill and C. C. ^afione, mixtures ^ 
of mangtmese oxide with silver or copper oxide, acting as catalysts in oxidizing 
carbon mpnoxide at ordinary temp. H. S. Taylor and H. A. Neville studied the 
efiect of the carbonates of potassium, sodiupi, lithium, barium, and calcium, and 
of sodium chloride, Ijorax, ferric oxide, sodium silicate, nickel, or copper—wde 
hotion of carbon on carbon dioxide. E, W. Rosemuund and P. Danger studied 
the efiect of the support on which the catalyst is deposited on the oxidation. 

H. B. Dixon found that X-rays didwot inflame a dried mixture of carbon mon¬ 
oxide and oxygen. According to M. Berthelot, carbon monoxide and oxygen do 
• not ttu'te when exposed to suimght. M. Potain and R. Drouin reported that 
when a mixture of catb6n msnoxide with a large proportion of air is exposed to 
fight, carbon dioxide is'slowly formed. The chMige is retarded apd limited by the 
presence of the dioxide. M. Berthelot believed that the experimental conditions 
must have been faulty because he observed no change in moist and dry mixtures 
of carbon monoxide and oxygen after p^en years’ exposure. If the mixture be 
confined over a cone. soln. of potassium hydroxide for 16 months, the carbon 
laofifxide is converted info formate vriiich is hbaort>ed 1^ the liqnid, the oxygen, 
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however, is ndt changed.snd no carbonate is formed; nor is any ammonium carbonate 
produced, if a mixture of ^rbon monoxide and aq. ammonia be used. Ultra-violet 
light brings about the union of carbon monoxide and oxygen; and carbon dioxide 
is decomposed by that agency, so thdt the reaction CO-f-O^OOj is reversible. The 
reaction was studied by A. K. Sanyal and N. R. Dhar. 

The temp6I&ttirQ of combustion of a mixture of carbon mono.xide and oxygen 
was estimated by M. Berthelot to be 3600°, and with air in place of oxygen, 30<H)'’; 
M. Berthelot and P. Vieille gave for carbon monoxide with oxygen 2490°-3972°; 
236r-3745° with hydrogen and oxygen; and 2217°-2839° with niiric oxide and 
hydrogen. R. Bunsen gave 3033° for the maximum temp, of combustion of equal 
vols. of oxygen and carbon mono.xide jn a closed vessel; and E. Mallard and 
H. le Chatelier, 3200°, when about 30 per cent, of the carbon dioxide is dissociated. 
H. Valerius gave 1430° for the temp, of combustion of carbon monoxide in air, 
and V, Geipert found the temp, of producer, gas burning in air to bo 1.569°, and 
F. Haber and H. J. Hodsman found the tern)), of the flame of a theoretical mixture 
of oxygen and carbon monoxide to be 2600°; K. G. Falk gave 2764°. F. I’ollitzer 
made some observations on this subject. 

According to H. Davy, carbon monoxide is inflamed by contact with red-hot 
charcoal, or iron wire, or a heated platinum spiral. P. Sabatier and J. B. Senderons 
observed that in contact with nickel, oxidation does not commence before 230°; with 
iron, not before 330° ; and with platinum, not before 4.50°. L. Mond and Langor 
noted that with nickel and cobalt at 350°-450° a carbide and carbon dioxide are 
formed ; the carbide is decomposed by water vap. W. Henry noted that platinum 
foil slowly converts a mixture of carbon monoxide and oxygen (2:1) into carbon 
dioxide at ordinary temp.; J. W. Dohereiner, and W. Henry noted tliat platinum 
sponge acts similarly when warmed; and P. 1,. Dulong and L. J. Th(5nard observed the 
action in thccold. P. J. van Kerckhoff noted that slow oxidation occurs with platinized 
asbestos at 5°-15° ; while pumice-stone, or porous earthenware actp very slowly at 
80°-90°. F. C. Phillips found palladized asbestos acts below a red heat; A. Pleischl, 
and A. do la Rive and F. Marcet, platinized or palladized paper ash at ordinary 
temp.; and E. D. Campbell, palladized cupric oxide, at 1(XJ°-10.5°. H. B. Dixon 
found that a dried mixtureof carbon monoxide and oxygen does not explode in contact 
with a red-hot platinum wire; and H. B. Dixon and H. F. Lowe found-a reB-hot 
platinum wire, freed from occluded hydrogen, glows intensejy in the mixed gasqs, 
and completely oxidizes the carbon monoxide. According to A. F. Girvan, a silver 
or gold wire may be fused in the gases, dried by cooling to —80°, without causing 
visible union of the mixture; with an explosive mixture dried by cooling to —35°, 
a spiral of platinum wire at a red heat caused a quiet and feeble explosion ; with a * 
mixture dried by cooling between —80° aiul —180°, the platinum acted gatalytically, 
and glowed for several seconds, but there was no other sign of chemical action ; the 
coil was then heated white hot for a few minutes, and when cold, about onh-eighth 
of the mixture was absorbed by a soln. of potassium hydroxide, the i;pmainder 
represented the uncombined mixture. The catalytic oxidation of carbon monoxide 
was also studied by T. H. Rogers and fellow-workers, D. R. Mejrill and C. C. Scalione, 
J. C. Clancy, etc. The carbon monoxide mixed with hydrogen is preferentially 
oxidized in the presenhc of .mixed oxides of iron, chromium, cerium, thorium, bismuth, 
etc., as shown by J. Harger and H. Terrey, E. K. Rideal and H. S. Taylor, and 
R. N. Pease and H. S. Taylor and co-workers,,A. B. Lamb and co-workers, 
R S Tour, etc. J. A. Almquist and W. C. Bray studied the effect of cupns and 
manganese oxides; and W. A. VVhitesell and J. 0. W. Frazer, the effect of 
manganese dioxide. I. Langmuir .discussed the hypothesis that the oxygen is 
condensed on the platinum, the carbon monoxide mols. strike the surface, and a 
certain fraction is condensed, forming carbon dioxide which distils off at a 

certain rate. •, . , .... , 

E. Mallard and H. le Chatelier found the ignition temperature of mixtures of 
carbon monoxide with ;iir^nd qxgyeB, and the rwults are. shown in Table XVJII.* 

VOL. V. 
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A. Kiaiise and Meyer found that the explosion temp, of a theoretical mixture 
of carbon monoxide and oxygen, confined in thin sealed^glass bulbs, to be between 

Table XVIII.— Ignition TEMPBBAiudEs'or Carbon Monoxide. 



PerccntJMte composition. 


Ignition temp 




CO 

Oxygen. \ Air. . 

CO,* 


86 

16 i - 


630“ to 660“ 

70 

30 i — . 

— 

646“ to 650° 

30 

70 ! 

_ 

660^ to 680® 

30 

— 1 70 

— 

660° to. 657“ 

35 

16 i — 

60 

696° to 715“ ' 

16 

— 1 35 . 

60 

715“to 726» 


618° and 606°; F. Freyer and V. Meyer gave 650°-730°; and V. Meyer and 
A. MUnch, 636°-814°. According to K. G. Falk, the lowest ignition temp, for a 
mixture 2 CO+O 2 is 601°, and in the presence of an indifferent gas—nitrogen—the 
absolute temp, of ignition, T, becomes J’=2’'+80(Vol. N/Vol. CO). H. B. Dixon and 
H. F. Coward gave 637°-658° or 650° for the ignition temp, of moist carbon monoxide 
in oxygen; and in air, 644°-658° or 651°. W. M. Thornton made observations 
on the ignition of carbon monoxide under reduced press. 

According to A. Krause and V. Meyer, a considerable amount of carbon monoxide 
is oxidized at 448°; and K. W. Charitschkoff found that purified carbon monoxide 
is oxidized at 290°. H. Hdber passed a dry mixture (1: 2) of oxygen and carbon 
raonoxidf at a constant velocity through a porcelain tube packed with porcelain rods, 
and surrounded by an iron tube; he found the following proportions of carbon 
dioxide were formed at different temp.; 

W6" 302” 408” 500’ 000” 080’ 788” 855’ 

Per cont. CO, . . 0 13 - 0-44 3 03 6-2 21-14 4(!-3fl 00-3 66-0 

The admixture of nitrogen lowers the proportion of carbon dioxide which is formed, 
and the presence of parbon dioxide hinders the reaction. According to H. Klihl, 
the velocity of the reaction at 670° appears to be somewhat irregular because, 
although the reaction in general appeared to be of the third order, the velocity 
varied according as one or the other of the gases was first introduced into the 
r rpaotion vessel, which was made of internally glazed porcelain. Thus the initial 
vdcfcity when dry oxygen is added to moist carbon monoxide is ten times greater 
than tha4 observed when moist carbon monoxide is added to dry oxygen, carbon 
dioxide-bbing originally present in both cases; when carbon dioxide has not been 
previously introduced, the velocities in question are in the ratio 2:1. The initial 
velocity Is in general retarded when carbon dioxide is originally present; it is in the 
main independent of the oxygen concentration, but proportional to the first power 
of the carbon monoxille concentration; it increases with the amount of water vap. 
present, although somewhat inegularly, hud to an extent, less than proportionality. 
Further, the initial velocity is ihereas^ when the reaction vessel has been previously 
exhausted. These observations agree .with the assumption that the seat of the 
reaction is on the surface of the'eontaining vessel. Aceording to M. Bodenstein and 
F. Ohlmer, the reacticu 2C0+O2=2COj is catalytically accelerated when it takes 
place in a vessel of quartz-glass. The rate of the change is adeijnately represented 
by the empirical formula dxjdi—lc(m-\-a—x)j(n-^b—x), where a and h are the initial 
concentrations of oxygen and carbon monoxide respectively, m and n are constants. 
The chief feature of the investigation iscthe fact that carbon monoxide retards its 
own combustion in the (^uifrtz-glass vbssel, so that the velocity of the reaction is 
• aimoet inversely proportional to the cone, bi carbon ipoqpxide. This, therefore. 
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is to be regarW as a case of negative autocatalysis. This pecnliatify is not observed 
when the reaction takes jlace in an ordinary glass vessel containing pieces of 
quartzite or rock crystal. With bpth these catalysts, the reaction velocity is directly 
proportional to the carbon monoxide cone., and proportional also, although only 
roughly, to the square root of the oxygen cone. In all cases, the temp, cooff. (for, 
an interval of 10°) was between 1-4 and 1-8. K. G. Falk found the reaction to bo 
termolecular, but if an excess of carbon monoxide be present, the results do not 
follow the equation for such Reactions. 

B. Mallard and H. le Chatelier found that there is a sudden and momentary 
rise in the press, during the explosive combustion of a mixture of carbon monoxide 
with air or ojygen, and give the following explanation of the phenomenon: 

The first portion of the mixture in exploding compresses the adjoining layer. If now 
the velocity of propagation of ignition is sufiiciently rapid, this adjoining layer of Uio ex* 
plosivS mixture will ^ ignited before an equafization of press, can take plaice, and lienoe 
the press, due to this explosion will be superimposed on that derived from the firat (lortion 
of the mixture. This will be repeated, the press, in each succeeding wave becoming greater, 
and the momentary press, due to one of these explosive zones will be that registered by the 
piston. Tliis hypothesis is supported by the fact that the excess of press, above the normal 
Increases with the velocity of propagation of ignition of the mixture. 


M. Bcrthelot and P. Vieille found the press, at the moment of explosion to be 10'12 
atm., with the mixture of carbon monoxide and oxygen, and 8 79 to 9-81 atm. with 
a mixture of these gases with hydrogen. The velocity of propagation ol the flame 
was found by R. Bunsen to be less than a metre per sec. E. Mallard and H. lo 
Chatelier gav.e 2 2 metres per sec. H. B. Dixon gave for the velodty ol the explosion 
wave in a mixture of carbon monoxide and oxygen sat. at 10° with water vap., ifi a 
tube 13 mm. diameter, the value 1500 metres per sec. The velocity varies with the 
proportion of moisture. Thus, at 760 mm. press., with gas sat. at a temp. 6 , the 
velocity, V, of the explosion wave in metres per sec. with the mixture 2C04 0., 
increased to a maximum, and then diminished; 


Drieil 

1264 


Partially 

dried 

1306 


10 “ 

1676 


28 “ 

1713 


1738 


4:*" 

1603 


6r>“ 

1626 


Tri” 

126G 


K. Botsch showed that if the press, be sufficiently reduced, thi! propagafion of the 
flame can be prevented in the dried or moist gas. L. Meyej hnd K. Seubert found 
the gas burnt at press, as low as 219 mm. H. B. Dixon also found the velocity is 
diminished from 1676 to 1576 metres per sec. by reducing the press, from 760 to 
400 mm, in a* gaseous mixture sat. with moisture at 10°. H. B. Dixon also photo-^ 
graphed the front of the advancing explosion wave, and of the wave reflected m Che 
opposite direction. H. B. Dixon, E. H. Strange, and E. Graham obsefve.] that the 
explosion flame of a dried mixture of carbon monoxide and oxygen is longer than is 
the case with a*moist mixture. By using carbon monoxide from carbonyh ulphido, 
E. J. Russell inferred that there is not “ a great diSerence between the Behaviour 
of nascent carbon monoxide and that of the ordinary gas. .. , 

M. Berthelot measured the speed of the explosion wave in mixtures of hydrogen, 
carbon monoxide, and oxygen; and H. B. Dixon and N. 8 Wa Is measured the 
effect of the substitution of hydrogen for carbon monoxide in the 200+02 mixture, 
and found for the ratea of the explosion wave,T, 


CO 


100 90-2B 
0 0-75 

.1700 1764 


98*5 

92-6 

86 

02-6 

60 

25 

IS 

1*6 

7-6 

16 

378 

60 

*78 

85 

1768 

1796 

1858 

2020 

2130 

2391 

2507 


7-8 • 0 

92-8 100 

2643 2810 


M. Berthelot measured the initial speed of propagation of mixtures of 

these three eases and found that the spee^ in mixtures 2 (H 2 ,C 0)+02 were grea^ 
S^Rto^tical mean of the ra^s'i. 2 H 2 + 02 .and 2 CO+O 2 mixtures, he 

concluded that the gases burnt separg^ely-thehydri^en bnniingflrat. . , 

W. A. Bone and W. A. Hawasd h^ve made.determinatioos of the time taken ffom 
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the moment of firing until the maximum press, is reached when explosive mixtures 
of hydrogen and carbon monoxide with air are fired in ajclosed bomb initially under 
atm. press. The interval between the spark and the maximum press, is much 
less in pure hydrogen than in the pure carborf monoxide detonating gas, and they 
compared the time-intervals when different quantities of hydrogen replace carbon 
monoxide with the times calculated on the assumption that each explosive mixture 
carries the flame in turn at its own ;ate over lengths proportional to the vol. of each 
present. The “ times ” so calculated are the sum of'the times taken by each ex¬ 
plosive constituent; just as in a relay race the total time is the sum of the times 
taken by each runner over the distance he is set to run. The numbers so calculated 
in no way agree with the rates found for the mixed gases; and they directed atten¬ 
tion to the great effect on the rate of combination when small quantities of hydrogen 
replace carbon monoxide in the explosive mixture, and, like M.'Berthelot, .they 
attributed this to the dominating influence of the hydrogen “ which catalyses the 
reaction.” Later, W. A. Bone and co-workers found that the comparative slowness 
at which the press, is developed in a mixture of carbon monoxide and air is not due 
to any inherent slow-burning property of carbon monoxide, and it is not much 
affected by the proportion of water vap. present in the system. When the nitrogen 
is wholly replaced by oxygen, carbon monoxide, or argon, the time required for the 
attainment of maximum press, is reduced from 018 sec. to 0 005, 0 010, and 0 025 
sec. respectively. Hence, it was inferred that in the presence of nitrogen and high 
press., a considerable part of the energy radiated by burning carbon monoxide, 
instead of being absorbed by the walls of the explosion chamber, is intercepted and 
adsorbed by the nitrogen present whereby the nitrogen becomes chemically activated. 
The radiant energy so absorbed affected the maximum press, attained only when 
the conditions permitted a secondary oxidation of the activated nitrogen to nitric 
oxide. The radiant energy absorbed by the nitrogen is gradually liberated in a 
kinetic form after the attainment of the maximum press., as the activated nitrogen 
slowly reverts to the ordinary form. A. Payman and R. V. Wheeler found that for 
the slow initial uniform phase of combustion of gases 1;he rates for mixtures are the 
means of the individual maximum rates: thus, “ if on a speed-per cent, graph the 
maxipia for any two gases taken singly are joined by a straight line, all the maxima 
for mixtubes of these gases lie approximately on this lino.” 

• H. Davy^ noted'tjiat a mixture must contain at least one vol. of oxygen to 
3 vols. of carbon monoxide to explode by the electric spark. The limits, said 
M. Berthclot, vary with the intensity of the spark, and even when the mixture is 
non-explosive, the carbon monoxide is oxidized by the sparking. K Eitner gave 

* for the upper and lower limits of explosive mixtures, 
751 and 16'4 per cent, of carbon monoxide; 
E. Terres, 73’5 and 16’1; and H. Bunto and 
J. Roszkowsky, 74’8 and 14'1. * E. Berl and 
H. Fischer’s results are indicated in Fig. 37. In a 
glass globe 27 mm. diaqieter the limits were 15'4- 
71'6 ; in a glass globe 18 miA. diameter the limits 
were 16'0 t 66'5 ; in an iron vessel at ordimiry temp, 
■the limits were 15'8-63'8', at 100°, 14'05-69'6; at 
200°, T3'8-76'55; and at 300°, 14'10-75-6. The 
black portion represents oxidation without inflame 
mation. H. F. Coward and F. Brinsley gave for 

, the lower limit 12'5 per cent, carbon monoxide. 

P'-; Lunita of j Roszkowsky dound that the dilution of the ex- 
Carbon Monoxide an w. plosive mixture of carbon monoxide and oxygen 
with an indifierent gas like carbon dioxide decreases the tendency to explosion, 
and this decrease is less the higher tho’lemp. This is probably due to the heat 
generated by the combination of the two gaseq. being largely used in raising the temp. 
* of the indifferent gas rather than in propagating^theiexploeion. E. Tencs found that 
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the limits oi inflammability of carbon monoxide in air were 16'(f-70'9 per cent.; 
and in oxygen, 16'7-93'5 fer cent. N. N. Beketoff found .that sulphur dioxide or 
nitrous oxide had no influence.ot^ the explosion of a dried mixture of carbon 
monoxide and oxygen, but 10 per cent, of cyanogen causes the immediate explosion 
of the dried mixture on sparking. He suggests that the action of cyanogen may be 
explained on the assumption that the heat liberated in the decomposition of the 
cyanogen is added to the heat of combustion of .the carbon, and ho further assumes 
that the dissociation temp, of the water mol; being lower than that of the oxygen mol. 
is the proper explanation of the fact that the presence of water in a mixture of carbon 
monoxide and oxygen assists the combustion of the latter gases. H. B. Dixon, 
however, shelved that when a dried mixture of cyanogen, carbon monbxide. and an 
excess of oxygen is exploded, much of the carbon monoxide escapes oxidation. 
Similar results'were obtained with carbon disulphide. G. Schlegel found that 
chlorine hinders or inhibits the combustion or explosion of a mixture of carbon 
monoxide and oxygen. H. B. Dixon and E. J. Russell observed that with nascent 
oxygen, as when a mixture of carbon monoxide and chlorine dioxide is exploded, 
the drier the mixture, the greater the proportion of carbon monoxide which escapes 
oxidation ; the oxidation does not proceed any faster with oxygen in sintu misrcndi. 
Similar results were obtained by E. J. Russell with chlorine monoxide. W. A. .Jones 
found that when carbon monoxide is led into a U-tube in which acidilied water is 
undergoing electrolysis and is allowed to bubble directly against the electrode at 
which the oxygen is being evolved, no carbon dioxide is produced. Electrolytic 
oxygen, therefore, has not the power of oxidizing carbon monoxide. 

H. B. Dixon" discovered that an explosion is not propagated in a dried mixture 
of carbon monoxide and oxygen. The addition of a minute trace of water*or 
of a volatile body containing hydrogen renders the mixture inflammable, thus, 
a dried mixture of carbon monoxide and oxygen explodes in the psesence of 
traces of water, hydrogen sulphide, ethane, formic acid, ammonia, pentane, 
or hvdrogen chloride—but not in the presence of gases or vapours free from 
hydrogen— e.ff. sulphur dioxide, carbon dioxide, carbpn disulphide, nitrogen, 
cyanogen, carbon tetrachloride, etc. Hence, onby fkam, or Mies which can 
form skam under the conditions of the experiment, are capable of determinipil ilk 
explosion of carbon monoxide and oxygen; other gaseous bodies not capable 
of forming steam have no action. When a long tube full 'of the dried mixture 
has moisture introduced at one end, and the gases are ignited there, the name, 
traverses the moist gases but dies out on reaehiiig the dried gases, ti. von 
Wartenberg hnd B. Sieg supported the hypothesis that the reaction tetween burning, 
carbon monoxide is preceded by the formation of an unstable additive, ('ompuuTid. 
M. Traube also found that the flame of dry carbon monoxide burning in air is ex¬ 
tinguished if plunged into dry air. N. N. Beketoff found that while n. explosion 
occurs with tfe mixed gases dried by phosphorus pentoxide, the propaption of the 
flame is so slow that it can be followed by the eye when the gases have been dried by 
sulphurie acid, presumably because the latter desiccative leaves more moisture in 
the^gas than the former. A. P. Girvan found that the duying of the gases by 
cooling wiU also preyent explosion. The-vap. press, of the moisture in gases dried 
at different temp is approximately 


- 36 ** 

0-160 


- 45 * . 
0052 


o-oA 


-.WS* 

0-01 


- 01 * 
0 008 


^ Vap. press, of water 

When the vap. press, of the water is less than about O 03 mm., as is the case with 
the mixture aftertooling at -50°, (!he gases will not cx|)lode. When the vap. press, 
is less than about 016 mm., the explosion is very feeble. In the first case, the amount 
of water vap. present is about one part in twenty-four thousand by vol, and in tte 
sLond, one pirt in five, thousand. At -^01°, the amount of water vap, would be 
about one part in a hundred thousanr^of gas. It rjould appear then ttet the mii^e 
will not explode when sparked at tljp ordinary temp, if there is less than one mo*, of 
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water vap. to t«%nty-four thousand mols. of the gas. K. Botsch failed to confirm 
these observations, but H. B. Dixon showed that th^ gases were probably in¬ 
adequately dried. L. Meyer found that if the^ases are sufficiently well dried, the 
mixture can be exploded only by a very powerful spark, and a tolerably large gas 
press, is employed; while H. B. Dixon showed that with a dried mixture of the two 
gases, a spark between platinum wires 7 mm. apart produced no explosion, but a 
blue aureole appeared about the track of the spark. L. Meyer, and N. N. Beketofi 
found that the dried gases unite in the track of the s^ark; and H. B. Dixon and 
H. F. Lowe showed that the amount of combination depends on the nature of the 
spark, a limit being reached when the rate of combination is equal to the rate of 
decomposition of the carbon dioxide formed. They also showed that the dried gases 
combine completely without flame, in contact with a platinum wire. C. Monte- 
martini observed that the corona efiect in circuits traversed by continuous currents 
forms carbon dioxide and hydrogen from a mixture of carbon monoxide and water. 
A. Coehn and H. Tramm found that while a moist mixture of carbon monoxide and 
oxygen can be exploded by a spark at any press., a mixture, dried by a short exposure 
to the action of solid carbon dioxide and alcohol, cannot be exploded, but inflames and 
burns quietly, and that a mixture which has been cooled for a sufficient time cannot 
be inflamed; a pale blue zone forms round the spark gap and slight combination is 
indicated by a small diminution of press. Exposure of mixtures belonging to the 
three types to the ultra-violet rays from a quartz mercury lamp leads to practically 
the same result in each case, combination occurring to the extent of 4-5 per cent, 
within an hour. It follows, therefore, that the presence of aq. vap. does not play 
a part in the union of carbon monoxide and oxygen under the influence of radiant 
endrgy —vide photo-decomposition of carbon dioxide. 

A. Smithells and P.. Dent found that dry carbon monoxide proceeding from a 
half-burnt cyanogen flame will burn in dry air provided the two flames are close 
together, and N-. N. Beketoif showed that an explosion of cyanogen and oxygen 
will cause the union of admixed carbon monoxide with the oxygen. F. Haber and 
J. E. Coates noted that some nitric oxide is formed during the combustion of carbon 
monoxide in air; and A. Bach stated that if the flame of this gas is allowed to 
impinge on cold water, the water afterwards exhibits the peroxide reaction. Accord¬ 
ing to B. 'de Muynck, a mixture of oxygen and carbon monoxide is electrically 
conducting at the moibpnt of the explosion; he calculates that one ion is produced 
for every 200 million mols. of carbon dioxide which are formed. This result favours 
the view that the conducting power of the exploded mixture is to be attributed to the 
Jieat liberated in the Change. The drying of the gas had no perceptfole influence 
on*the efiect. 

K. A. Hofmann and co-workers studied the oxidation of carbon monoxide at 
ordinary,t«Hnp. It was found that on a surface of copper moistened with alkali-lye, 
carbon monoxide is slowly oxidized in open circuit, the electrolyte ultimately con¬ 
taining, in addition to carbonate, traces of formate but scarcely any oxalate; the 
monoxide is gradually replaced by hydrogen, so that the reaction proceeds according 
to the scheme: C 0 > 2 K 0 H=KjC 03 -|-H 2 . In the closed circuit, the hydrogen 
is oxidized to water by oxygen liberated at the opposite electrode. Copper cannot, 
however, bring gaseous molecular hydrogen into a condition of electromotive 
activity, but can be very actively charged by nascent hydrogen, most simply by 
cathodic polarization. It was saggested that owing to the existence of subsidiary 
valenifiea, carbon monoxide has the power to unite with alkali hydroxide in the 
presence of copper yielding small amounts of an isoformate, Cu . . . C(OH)(OK), 
which then combines with *a further mol. of'the hydroxide t» yield the alkali 
carbonate, whilst the hydrogen is liberated in the at. state at the copper. This 
conception is supported by the observation that active elements are not formed from 
copper, carbon monoxide, and water, or 6om carbon monoxide and alkali hydroxide 
al^e, but only from copper, alkali hydroxide, ^d carbon monoxide in conjanction. 
U isaforther found that hydrfted cupric oxide is,reduced by carbon monoxide in the 
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ptesenoe of alkali at an appreciable rate only if a certain amount cff metallic copper 

is present. Again, the eleftromotive activity of carbon mopoxide at a copper, and 
to a less degree at a platinum, surfap is not immediately developed, whilst, in the 
absence of hydroxyl ions, carbon monoxide is not noticeably activated by copper. 
Cuprous oxide does not play a part in the phenomena„since it is found that hydrated 
cupric oxide is directly reduced in the presence of alkali to the metal, whilst the 
presence of a minute amount of oxygen diminishes the electromotive force of the 
system Cu-CO-alkali in a striking, if transitory, manner. F. Auerbach added that 
the calculated e.m.f. for the gas-cell O 2 | CO, is smaller than for the oxidation 
2C0-t-02v=^2C02. 

M. Berthelot* showed that when a mixture of carbon monoxide afid oxygen is 
sparked, spme carbon suboxide, C 4 O 3 , is formed (q.v.). H. Fassbender found that 
when a mixture' of carbon monoxide and oxygen is exposed to the silent discharge, 
the rate of explosion is increased. This is attributed to the formation of Mone by 
the discharge, for, when a mixture of the two gases is exploded, a piece of potassium 
iodide and starch paper is coloured blue by the ozone formed in the explosion', but 
H. B. Dixon did not detect any marked increase in the inflammability of a mixture 
of carbon monoxide and oxygen in the presence of ozone. 

H. Thiele, and 8 . Chadwick and co-workers found that ultra-violet light from 
a quartz mercury lamp oxidized carbon monoxide in the presence of oxygen when 
the mixed gases were dried with sulphuric acid, and with phosphorus pentoxide, 
and when the gases were sat. with moisture at 16°. The last-named found that 
with the dried gases, there was at first a slow contraction, the rate of contraction 
then gradually increased, attained a maximum, and then slowly decreased until the 
change became very slow. With the moist gas, the rate of contraction was umfofUn 
throughout the experiment at less than half the speed of the maximum rate of 
the dried mixture. When the contraction had attained the same values r 
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Carbon monoxide oxidized 
Oxygen ozonized 

It was assumed that the first action of the ultra-viblet light is to I"’™*' “I’ 
oxygen mols. into atoms, the atoms of oxygen thus formed prefer to coiiibma with 
the mols. of carbon monoxide when the gases are moist, but ^ 

the eases are dry The rate of chemical change was not accelerated by the pri sence 
of moisture, although the course of the reaction was determined by the hygrwcopic 
condition of the mature. Against the view that the J*!" 

vapour on the reaction between a heated mixture of carbon monoxide and oxygen , 
nrto the production of formic acid, H. Tramm “^owed that mixtures of o^n 
and formic add do not explode while an e.p mixture of hydrogen, oxygen, and 

carbon monoxide in diffused daylight, in direct sunlight, or at ^ F. 

showed that the ozone doss not oxidize carbon 

transformation into oxygen. On the other hand, W. A. Jon» found that oxygen, 
!rith ce^of »one, slowly oxidizes carbon monoxide at ordinary temp, 

and more rapidly at 26()°. In general, the oxidizftig power of ozone wm found 
to vaTweSg to its cone, and temp. O’ E. Waters observed im oxidation at 
ordinal temp but at 240°-280°, some carbon dnStide wm produced, the aijount 
depSg o/the cone, of the ozone. P. flausmann said the oxidation m 

j hut more rapidly in light. Moisture accelerates the reason. 

5 B^rb Kussfhgault noS thah in the oxidation'of moist phosphoto. m the 
ni^noe of ait and carbon monoxide, some carbon dioxide is fotm^, amd 

6 Baumann and A. R. Leeds stated Ijjiat when a mature of air and carbon 
monoxide is jiassed over moist pho 8 phoru 8 .*catbon 'li'^de w 

and E. H. Keiser failed to confirm tW observations Jut W. A- Jon^ found ^t 
^er these conditions soifie caAon,dioxide ig always Tormed, and that the amount 
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varies with the Quantity ot phosphorus exposed and the rate at which the gas is 
passed over it. When, pure carbon monoxide is brought into contact with phos¬ 
phorus immersed in a soln. of hydrogen peroxide,,carbon dioxide is not produced, 
and it is therefore very improbable that the oxidation of carbon monoxide by air 
and moist phosphorus is due to the action of the phosphorus on hydrogen peroxide 
formed in the course of the experiment. I. Remsen and E. H. Keiser said that the 
source of the carbon dioxide is the carbon in the phosphorus, but E. Baumann 
denied this. A. R. Leeds also showed that carbon dioxide is formed when organic 
matters are excluded. I. Remsen w found that carbon monoxide is not oxidized 
when in contact with decomposing hydrogen dioxide. This statement was con¬ 
firmed by F. C. Phillips, W. A. Jones, and M. Traube. P. Waentig and 
0. Steche, and G. Senter investigated the effect of carbon monoxide on the 
catalytic decomposition of hydrogen dioxide by hsemase. ' • 

W. Henry 11 compared the action of the electric spark, heat, and of platinum 
sponge on mixtures of carbon monoxide, hydrogen, and oxygen, and found that 
the lower the temp., the greater the proportion of carbon dioxide produced. With 
a mixture of hydrogen, carbon monoxide, and oxygen in the proportions 1:2:1 
by vol., the oxidation in the presence of platinum sponge at 171° converted 
4 vols. of carbon monoxide per vol. of hydrogen ; at the softening temp, of glass, 
two-thirds vol. of carbon monoxide per vol. of hydrogen; and with the electric 
spark, one-third vol. of carbon monoxide per vol. of hydrogen, E. von Meyer, and 
D. Tommasi found that the activity of the platinum is lowered in the presence of 
carbon monoxide. F. C. Phillips found that in the presence of hydrogen and 
oxygen, carbon monoxide is oxidized below 100° in contact with platinum sponge 
or«palladium. M. Traube, and E. Baumann made observations on this subject. 
M. Traube found that.oxidation does not occur in the presence of zinc and water. 

R. Bunsen then studied the simultaneous oxidation of hydrogen and carbon 
monoxide. He. made a mal-infercnoe, for he said that if a mixture of carbon 
monoxide and hydrogen gases be exploded with a quantity of oxygen not sufficient 
to oxidize the mixed gases completely, the oxygen will divide itself between the 
carbon monoxide and hydrogen not in proportion to their quantities present, but 
so thq-t the quantities of carbon dioxide and water formed will stand in some simple 
ratio. Thus, on exploding a mixture of carbon monoxide and hydrogen, R. Bunsen 
found the ratio CO2 i H20=2:1; and an increase in the quantity of hydrogen 
made no change in the value of the ratio until sufficient hydrogen had been added, 
when the ratio suddenly jumped to 1:1; similarly with further additions of hydrogen, 
^the ratio jumped to 1'. 2, then to 1 : 3, and then to 1: 4. E. von Meyer confirmed 
R.* Bunsen’s observation that the proportions in which oxygen is distributed be¬ 
tween carbon monoxide and hydrogen alters per saltum but not in such simple 
proportiphfi as B. Bunsen supposed, for E. von Meyer obtained ratios like 17 :18 ; 
18:19; etc. A. Horstmann showed that R. Bunsen’s observations were vitiated 
by the condensation of steam on the walls of the containing vessel; and also by the 
counter-reaction H20-l-C0T=^C02-t-H2. The change .is gradual and does not 
proceed per satium ; tfie law of mass action is valid in its simple form: [H2O JCO] 
=N[H2][C02], where the symbols in brackets represent concentrations, and K is 
the equilibrium constant. This conclusion was also verified by H. B. Dixon, who, 
in his study of the distribution of oxj^en between carbon monoxide and hydrogen 
during explosion, showed that the equilibrium constant K is nearly 4 0. 

Tne decomposition qf water vap. by carbon monoxide in contact with a heated 
platinum wire, or by,, heating the mixed gases in a tube, was established by 
W. B. Grove, H. Buff and A. W. Hofmann, B. Verver, L. Maquehne, J. Coquillon, 
etc. (1. 9, 9), L. Maquenne observed the reaction between steam and carbon 
inonoxide at 160° in the presence of platinum sponge. W. G. Mixter, A. de Hemp- 
tinne, and S, M. Losanitsch and M. Z. Jovifachitsch found that carbon dioxide and 
forpaic acid are produced when carbon monoxjde and water vap. are exposed in an 
bzoaizer; W. Lob found formtldehyde, formic acjd a«d carbon dioxide to be formed. 
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H. Thiele also noted the production of formic acid when a mixtur. o^catbon mon- 
oade and water vap. in a quartz bulb is exposed to ultra-violet light, . A. Naumaim 
reported that at 5Q0° steam and carbon monoxide do not react; at 
600 , two per cent, of the carbon monoxide is oxidized; at 900°, 8 per cent.; and 
at 904 , 10-5 per cent. All the conditions which hinder the reaction between 
hydrogen and carbon dioxide, favour that between steam and carbon monoxide 
since such a change is exothermal, C0-bH20g„=C02-|-H2f 10-72 Cals., and the 
carbon dioxide is very stable'at a high temp., while the steam is reudily decomimeti 
into hydrogen and oxygen, the latter of which can burn the carbon monoxide. 
L. Maquenne also inferred that carbon monoxide is a stronger reducing agent than 
hydrogen. J. Lang said that carbon monoxide is not attacked by water vap. at 
600°; C. _Englet and J. Grimm found that carbon monoxide free from oxygen 
does not react'with water vap. at 250°, but does react at 300°, forming carbon 
dioxide; and C. Hoitsema found the velocity of the reaction CO f H^OvsiCO., f Ifj 
in either direction at ordinary temp, is practically ’ zero; the oxidation of 
the carbon monoxide by steam at 600° is measurable, but the reduction of carbon 
dioxide by hydrogen cannot be observed below 900°. A. Gautier studied the 
reversibility of the reaction at 1200°-1250°, and observed that traces of formic 
acid are also formed. H. B. Dixon, and 0. Hahn established the accuracy of the 
law of mass action for: C0-t-H20v^H.2-l-C02, by proving the constancy of K for 
[C0J[H.0]=Ar[C02]fH2]. 0. Hahn found at different temp.: 


780 “ 880 " 080 ° 100 . 0 " 1080 ° 1205 “ 1105 " 

K . . . 0-81 M9 1-Bt 1-U8 1-9/) 210 2-49 

and he represented the results by log AT- -22207' i—0-00039092’-t-2-450li • 

C. 77. Hinshelwood and co-workers studied the decoinpoaitioif of formic acid on glass, 
silver, and platinum surfaces. The consecutive reactions are H.COOH—H,Or-t-CO, and 
H.COOH=^CO,-pH,. On glass surfaces the two reactions proceed at about equal rates 
at 280°; on platinum and silver, the second reaction predominates; at about 180°, the 
second reaction predominates on silver ; and the first reaction on glass. H. St. 0. Ueville 
and H, Debray studied the catalytic decomposition of formic acid by rhodium, iridium, and 
ruthenium ; and E. Midler, by rhodium and osmium. 

Other observations have been made on the reaction between steam and 6arbon 
monoxide by H. Luggin, C. Harries, 0. Boudouard, F. Pollitzer, W. H. Engels, qtc. 
According to F. Haber, log -21707' >+0-979 log 7-0-0010827' |-0-0sl7347'2 
—0 02858 and the thermal value of the reaction 9916 — 1 - 9437 + 0 - 0049457'2 

—0-05l5847Ti* cals. E. F. Armstrong and T. P. Hilditch found that copper is a more, 
active catalyst than iron oxide between 200° and 300°; the reaction with cpppei* 
commences at 220°, whereas iron oxide is only slightly active at 250°, and does not 
re.ach full activity till 400°. At higher temp., iron oxide is the more act^te catalyst 
on the reaction C 0 +H 20 TiiC 02 +H 2 . 

Several explanations of the catalytic effect of water on the oxidation, of carbon 
monoxide have been devispd. H. B, Dhxon showed that the dissoeiation of carbon 
dioxide at the temp, ht which carbon monoxide and oxygen pombine would explain 
the inertness of a dry mixture of carbon monoxide and oxygen ; and he assumed 
that the carbon monoxide is directly oxidized by the steam : G0+H20=C02+H2 ; 
and that the liberated hydrogen recombines with the oxygen to form "steam: 
2H,+02=2H20, and the cycle begins dnew. The water vap. thus acts as a 
« carrier of oxygen to the carbon monoxide. M. Traube ajgued that moist tarbon , 
monoxide does not furnish a trace of hydrogen and carbon dioxide when sparked 
for several hourn while hydrogen" reduces carbon dioxide at a white heat; but 
H. B. Dixon, quoting his own and W. R. Grove’s experiments, showed that carbon 
monoxide can be directly oxidized by steam. M.- Traube suggested that the 
water mol. deliver their oxygen to the carftqn monoxide, and the remaining hydrogen 
unites with the free’ oxygen form hydrogen peroxide: C’04-H204-0t 
=C02+H202 ; the hydtogen peroxide then reaAts sfitb.carbon monoxide to finh 
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water, and carbon dioxide: C04-H202=C02+Hj0; the water then commences 
the cycle anew. D. I. MendelM adopted a somewhat^similar explanation of the 
reaction,; but H, B. Dixon, and H. Wieland botlj oppose this interpretation of the 
mechanism of the reaction. H. Wieland as/umes that formic acid is the first 
product of the reaction C0-t-H20=H.C0.0H; and that this then decomposes 
into carbon dioxide and hydrogen, H.C00H=C02+H2; while the hydrogen unites 
with the oxygen to form water, which then repeats the cycle of changes. H. B. Arm¬ 
strong assumed that two gases which are inert in a highly purified state are able to 
react when a conducting circuit is formed—-e.g. carbon monoxide, conducting 
water, and oxygen; 


HjO 

CO • 

H,0 

HjO 

CO 

HjO 


Against this, it has been urged that when dry cyanogen is exploded with an excess 
of oxygen, or burnt in a flame separator, it furnishes carbon monoxide and nitrogen, 
the monoxide then burning to carbon dioxide in the absence of water. 

According to H. Moissan,** fluorine does not react in the cold with carbon 
monoxide. J. Davy found that dry chlorine does not act on dry carbon monoxide. 
The two gases unite slowly in daylight and rapidly in sunlight, forming carbonyl 
chloride, COCI2 (y.t’.). J. Schiel prepared carbonyl bromide, COBr2, {q.v.), by 
exposing to sunlight a mixture of bromine vap. and carbon monoxide. 
8. P. Cowardins said that carbonyl iodide, COI2, is not formed by heating a mixture 
of iodine and carbon monoxide, or by exposing the mixture to sunlight; or by heat¬ 
ing carbon monoxide with arsenic pentaiodide, or lead iodide. 8 . M. Losanitsch and 
M.£. Jovitschitsch exposed a mixture of carbon monoxide and hydrogen chloride 
to the silent electric discharge, and the resulting contraction indicated the possible 
formation, of formyl chloride, K. Stammer found ammonium chloride is not 
altered by heatipg it in carbon monoxide ; nor is cupric chloride altered. For the 
action of carbon monoxide on cuprous chloride see the last-named salt. K. Stammer, 
and A. 6. Bloxam found that silver chloride is not altered by heating it in a stream 
of carbon monoxide, but F. Gobel said that some reduction occurs. F. C. Phillips 
found that soln. of auric chloride ate reduced at 0° and at 100° by carbon monoxide, 
forming brown go.ld and carbon dioxide. J. Donau prepared colloidal gold by this 
rei^ucing agent. K. Stammer said lead chloride is not reduced, F. Gobel said that 
it is reduced when heated in a stream of carbon monoxide. A. G. Bloxam found 
that at a ted heat no reduction ocemrs with the dry gas, but with the moist gas, 
some hydrogen chloride is formed. P. Schtltzenberger obtained addition compounds 
•of carbon monoxide with platinous chloride (q.v.). These were studied by F. Mylius 
and F. Forste.', W. Pullinger, etc. F. C. Phillips found soln. of platmic chloride are 
attacked aj;, 0° and at 100° with the formation of carbon dioxide. A lower chloride 
is slowly formed, and after a long time some platinum is deposited. 'F. von Podor, 
and P. 0. Phillips showed that soln. of palladium dichloride are rapidly reduced by 
carbon monoxide: PdCl2-|-H20-|-00=Pd-l-2HCl-|-C02, and C. Wiidder showed 
that by the aid of this jeaction 0 01 c.c. or 0-0000126 grm. of fcarbon monoxide can 
be detMted. The test was investigated by M. Potain and R. Drouin, P. Jean, 
L. M. Dennis and C. G. Edgar; etc. The reaction was utilized by J. Donau for 
pteparitig colloidal palladium. F. C. Phillips noted that rhodium chloride, RhCl,, 
is not reduced in the cold, but ifi.is slowly reduced at 100°; and iridium chloride, 
IrCl4, hi also slowly reduced by carbon monoxide. 

A. J. Balard found ^hat carbonyl chloride was formed by the action of chlorine 
monoxide on carbon monoxide for a few houra. E. J. Russell found that when 
a mixture of an excess chlorine monoxide and carbon monoxide is sparked, 6-10 per 
cent, of the latter remains ufibumt, while with chlorine dioxide under similar 
conditions, H. B. Dixon and, E. J. Russhll found that 50-70 pec cent, remained 
unoxidized. A. J. Balard found that an aq. sojp. of hypoohlorona add has no effect 
0a 'cptbon monoxide. F. C.*PbilUpa mi that, caldnm’hypolffomite is also not 
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aSecttd. A* Ditte found that carbon monoxide has no action, oit iodic acid, 
but if heated, carbon dioxide is formed and iodine is liberated. C. de la Harpe 
and F. Eeverdin say the reAction occurs at 150°; and A. Gautier, at &)°-70°; and 
M. Nicloux represents it by 5C0-t’2HI03=5C024-H20+l2, and if iodine pent- 
ozide is used, A. Gautier gives 1205+500=5002+12- The reaction is employed ip 
the determination of the amount of carbon monoxide in air and other gases. The 
quantitative determination of small amounts of carbon monoxide is based upon 
A. Ditte’s reaction: 1205+500=5002+12, which is quantitatively complete 
between 60° and 70°, and enables carbon monoxide to be estimated in the presence 
of 20,000 times its vol. of air. Hence, if air is being investigated, it is first cleaned 
from the gases which react with iodine pentoxide by passage through tubes con¬ 
taining pota&ium hydro;xide, and sulphuric acid; and then through a U-tube 
containing'iodine pentoxide heated in a suitable bath. The liberated iodine passes 
on and may be absorbed in a soln. of potassium iodide, and subsequently titratwi 
with \,„JV-8odium thiosulphate. The vol. of air aspirated over the hot iodine 
pentoxide is also measured. C. de la Harpe and F. Reverdin employed this inethal 
for detecting the gas; and M. Nicloux used it quantitatively by estimating the 
liberated iodine colorimetrically in chloroform soln. A. Gautier measured the 
carbon dioxide evolved. The action of carbon monoxide on iwline pentoxide has 
been studied from the point of view of the analyst by A. Levy and A lecoul, 
A. Gautier and P. Clausmann, M. Pellet, J. L. R. Morgan and L L. McWhorter, 
L. P. Kennicut and G. R. Sanford, B. Nowicki, etc. K. G. Phillips found that 
Dotassium iodate at 593° is not reduced by carbon monoxide. , . . i, 

C. Thants showed that carbonyl sulphide, COS, contaminated wiM much 
carbon monoxide, is formed when a mixture of carbon monoxide and gldphut y|p. 
■ through.a heated tube ; or, according to G. Chevrier, when the mixture 


is sparked. F. Gonzalez and E. Moles denied the latter statement. M. Berthelot 
found that slight traces of carbonyl selenide, and carbonyl tdlunde an formed when 
selenium and tellurium are similarly treated. Carbon monoxide does not react 
with hydrogen sulphide, but S. M. Losanitsch and M. L Jovitschitsch “ 

mixture of the two gases to the silent '>frical iscl,arg.N and found 
and formaldehyde are rapidly formed: CO+H 2 S=H.COH-|-S, followid y 
HC0H+H.,S=H20+HCSH. M. Berthelot said that a trace of methana is formed 
when a mixture of carbon monoxide and hydrogen sulphida acts on • 

K. Stammer found that copper, lead, W 

monoxide. M. Berthelot noted the reduction of sulphm ioride by carb 

monoxide when the mixed gases are passed through ^ ^“‘^‘“Ha’rlti^rmet 
with electric sparks: S02+2C0=S+2C02. W. Smith and W. B. Hart conhrnjed 

*'“k® Stammer found that ammonium sulptate is 

heating it in an atm. of carbon monoxide. E. Jacquemin found that pOlaMV^ 
sodin^ magnesium, strontium and barium sulphato are 
^n^imof oarl^ monoxide and steam, forming 

Ixide; at a high tamp., sulphur is formed; ““d .Probablv the meta sulphide m 
an intermediate product of the reaction. According to j^tammer, A. Levoh 
and M. Berthelot, fmtassium sulphate is reiluced ^ the »“lP>“d« - 

iPA .lk Cals * and with sodium sulphate. Na2804*r^^^ ^ 

XnTsIS Cab W Smith and W. B. Hart, an^l £ Stammer observed no ^tion 
suthata blw dull redness, but afa bright red ^t, the sriptata 
.iilnhide are formed. K. Stammer noted the reductibn of barium sulphate, 
and K Stammer-and A Herzfeld and K. Stiepel the reductidn of calcium sufpbl^. 
K 8tamm«SS>^d that cupriClulptata. anddlvcr f 
the metab magne^m sulphate b not changed; ano sulphate forms zme o»^ 
Snmlnium’fulpLte, alumina; lead snlpbf^ bad aqd l^d sdphide i 

manganese oxide and sulphide ; ferrous sulptate. ferrous iulphide and 
iron ; and barium seloiate, b^ium carbonate and seleniiun. 
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F. Briegleb ind A. Geuther found that carbon monoxide reacts with heated 
omgneslnm nitride, forming cyanogen, magnesia, and carbon. S. M. Losanitseh 
and M. JZ. Jovitschitsch, and D. Berthelot and H. Gaudechon found that under the 
influene.e of the silent electrical discharge, carbbn'monoxide and ammonia combine 
to produce formamide: CO+NH 3 =CHO.NH«. A. Slosse under similar con¬ 
ditions obtained white crystals of a substance resembling carbamide. P. R. V. de 
Lambilly obtained ammonium formate by passing the mixed gases through a tube 
packed with pumice-stone or animal- charcoal at 80‘’-160'’. H. Jackson and 
D. N. Laurie said that when heated in contact with platinum, or exposed to an 
electric discharge of high frequency, ammonium cyanate is formed, which rapidly 
changes to carbamide; some ammonium carbonate is also produced. M. Berthelot 
observed no formation of hydrocarbons when a mixture, of dry carbon monoxide 
and ammonia is passed over copper filings or over sodium. E. J.'Mills, and 
R. L. Barr and co-workers said that, when a mixture of ammonia and earbon 
monoxide is passed several times over a heated mixture of potassium hydroxide 
and carbon, a potassium salt with 70 per cent, of cyanide is formed. M. Berthelot 
found an alcoholic soln. of ammonia absorbs no carbon monoxide at ordinary 
temp. J. T. Conroy obtained potassium cyanide by the action of carbon monoxide 
on potassium amide, KNHj; F. Beilstein and A. Geuther obtained analogous 
results with sodium amide. W. Henry found that a mixture of carbon monoxide 
and niiious oxide or nitric oxide is explosive, and carbon dioxide is formed; 
nitrous oxide or nitric oxide was also found by S. Cook to be reduced by carbon 
monoxide in contact with platinum. W. G. Mixter found that some carbon 
monoxide is oxidized when a mixture of that gas and nitric oxide is subjected to 
th* silent discharge. At the moment of explosion, M. Berthelot and P. Vieille 
found a press, of 11'41 atm. is developed by a mixture of carbon monoxide and 
nitric oxi^e. C. W. Dasenbach found that carbon monoxide is oxidized at ordinary 
temp, by nitrogen peroxide, at the same time a liquid, decomposable by water, is 
formed. K. Stammer found that cold or boiling nitric acid of sp. gr. 1’2 does not 
attack carbon monoxide, but F. C. Phillips found that with the fuming acid carbon 
dioxide is produced. A. Vogel said that carbon monoxide does not act on molten 
potassium nitrate ; K. Stammer stated that red-hot potassium nitrate and barium 
nitratb are reduced. F. C. Phillips found that an ammoniacal soln. of silver nitrate 
produces ammonium nitrite and silver. M. Berthelot observed the reduction of 
an ammoniacal soln. of silver nitrate, and J. Habermann said that 0 5 per cent, by 
vol. of carbon monoxide produces a distinct brown coloration, but 01 per cent, 
gives no coloration. A. Gautier made some observations on the subject; 
*'A.»R. Leeds found that when carbon monoxide and air arc allowed to stand in 
contact with, moist phosphorus, some carbon dioxide is formed —vide action of 
ozone. Carbon monoxide does not react with phosphine. T. E. Thorpe and 
A. E.'H.'Tutton found that phosphorus tctroxide does not reaeft with carbon 
monoxide; at ordinary temp, or when heated. K. Stammer found that lead, iron, 
and copper phosphates are not altered when heated in carbon monoxide. F. Schlag- 
denhauffen and M. F|agel found that arsenic trioxide or pentoxide or antimony 
trioxide or pentoxide is not reduced at 15.0° or 300°, but I. .W. Fay and co-workers 
said that reduction occurs at 60°. Carbon monoxide does not react with arsine. 

K. Stammer found that sodium arsenate or antimonate furnishes arsenic or 
antimony, respectively, when hgated in carbon monoxide. A. W. Hofmann, and 
A. M.°Bntlerofi obtained carbonyl chloride by heating antimony pentacbloride 
with carbon monoxide ;'SbCl 5 -l-CO=COCl 2 -t-SbCl 8 . 

According to H. Mjpssan,V at 1200°, amorphous boron reducea»carbon monoxide 
to carbon. M. Foix. found that wW the diamond is heated above 1100° 
in an atm. of carbon dioxide, the reaction C 02 -fCM 2 C 0 does not occur in 
the time avmlable, but amorphous carbbn is deposited on the diamond, which 
itself is not changed. A. Frank found that paldum carbide at 200°-250° reacts ’ 
with,, carbon monoxide, farming ‘fcarbon and 'calcivm oxide. • A. T. Larson and 



CARBON 


941 


• 

C. S. Teitswdrth studied the absorption of carbon monoxide by ajnnfoniacal soln. 
of cuprous carbonate and formate ; and they measured the partial press, of carbon 
monoxide in contact with these soln. According to M. Berthelot, carbon monoxide 
and methane give propylene; W. ®dling said acetylene and water are formed: 
CHt4-C0=H20+C2H2; but F. C. Phillips could not verify this statemenj. 

S. M. Losanitsch and M. Z. Jovitschitsch found that with the silent diwharge, 
acetaldehyde is formed, CO+CHi^CHs.COH, a conclusion in apeement with that 
of A. de Hemptinne. E. Sarrau and P. Vieille’studied the equilibrium conditions 
between a mixture of carbon monoxide, methane, hydrogen, and nitrogen. 

A. de Hemptinne formed some aldehyde and what was thought to be acotono by 
the action of the silent discharge on a mixture of carbon monoxide and ethauc : 
C.>H«+C0=(?sH«0. S. M. Losanitsch found that with the silent discharge, ethylene 
and carboft monoxide furnish a substance, (C 2 H 4 ) 2 CO, soluble in ether, and an in¬ 
soluble substance; and with acetylene, theri; is formed a yellowish-brown substance 
which rapidlv absorbs oxygen. A. Frank represented the action of carbon monoxide 
on acetylene by C2H2-l-C0=3C-f-H20; and H. le Ch.atelier and 0. Boudouard found 
the inflammability of the mixed gases is similar to that of mixtures of carbcii 
monoxide and hydrogen (g.v.). E. Frankland found a mixture of carbon moiioxide 
and carbon dusaphide inflames at 210°. M. Berthelot, and S. M. Losanitsch and 
M Z Jovitschitsch obtained carbonyl sulphide by the action of the silent (lischargo 
on the mixed gases. P. Schutzenberger found that when a mixture 
monoxide and catbon tetrachloride is passed 
carbonyl chloride and tetrachloroethylene arc formed: 2C( ^ 

K. Stammer said that potassium carbonate is not altered ,mta!shm 

monoxide but potassium oxalate furnishes carbon, carbon dioxide, and potassipm 
wrbLte’ B. Carstanjen and A. Schcrtel found that carbon monoxide does not 
react with cyanogen in direct sunlight. C. Bottinger found that carbon 
copiously abLbed by liquid hydrogen cyanide, but is not miscible hy* 

chloric acid On removing the product from the freezing-mixture, carbon * 

was evolved in a regular stream. On gently warming, the gas is ^ J J’ 

and ultimately the liquids mix, when the cvolutiqn of 

According to K Carstanjen and A. Schcrtel, no Phillips foLd 

carbon monoxide is passed over heated 

that potassium lerricyanide has no action on carbon ’nnssiblv carbohyl 

obtai^d a trace of potassium cyanide and Vt 
sulphide--by passing carbon monoxide 

rrE^i^id sLonis 

“Zf V?Poird^ou?d\M^ ia ILrbed V..p>atinized 

asbestos. , niptala is discussed in connection 

^ anrmir ar’e o.^r^. eSU 

290°-310‘’. sodium oxide reacts with ^ hydroxide gives 

and sodium; and I"' ^aber and L. r^ j y pickgon found that 

sodium H 0 ^_Co“+H 2 B^B^Wilson pnd do-workers studied the 

by soln of SeaSd^th carZZnoxide in a sealed 

is faster if more water b« nged,thMf that r^nircd just to moisten the alkali, 
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methyl or e&yhalcohol in place of water the reaction is 10-16 times'as fast—with 
ethyl alcohol, » liWl® propionic acid is formed; with amyl alcohol the action is 
about l\alf as fast as with methyl or ethyl alcohol; with^glycerol the action is slower 
than with water; with ether the absorption iAster than with any other substance 
tried; and with methyl or ethyl nitrate, the reaction is faster than with water. 
According to A. Geuther, andT. Merz and J. Tibirica, the formation of salts of formic 
acid by the action of carbon monoxide on alkali hydroxides takes place at about 200°, 
but the temp, should not exceed' 220° since eodium*formate is then decomposed 
into carbonate and hydrogen ; with potassium formate the temp, of decomposition 
is lower than 220°. The gas should be moist; and in order to saturate the alkali 
completely it is best to use soda-lime. The commercial production of formates by 
these reactions has been exploited. By working under press, and with a mixture of 
sodium carbonate and calcium hydroxide the Farbweric vorm. Meister, Lucius, 
und Briining prepared sodium formate; NajCOs-t-CalOHb^-f 2CO=2HGOONa 
-l-CaCOs. F. C. Phillips said that calcium hydroxide alone does not absorb carbon 
monoxide. W. H. Engels studied the production of hydrogen by the action of 
carbon monoxide on calcium hydroxide at 500°. The main reaction is represented: 
Ca(OH)2-bCO=0aCO3-l-H2; and the side reaction: C0-l-H20=C02-i-H2. The 
presence of iron accelerates the reaction tenfold. M. Berthelot found that the 
absorption by calcium oxide in the presence of alcohol is not more energetic 
than by an aq. soln. of potassium hydroxide. The last-named also studied the 
absorption of carbon monoxide by barium oxide in the presence of alcohol or 
ether. 

G. Bodlander discussed the theory of the reduction of metal oxides by carbon 
menoxide —vide the respective oxides. I. W. Fay and co-workers compared the 
reducing action of carbon monoxide, hydrogen, ammonia, and methane: 



AU2O3 

A«,0 

HggO 

HgO (retl) 

PbO 

CuO 

CiijO 

CoO 

ZnO 

CO . 

/ . <0'* 

0“ 


90° 

160° 

76° 

— 

140° 

170° 

H, . 

. <0® 

0° 

80° 

116° 

190° 

126° 

— 

— 

— 

NH, 

. . — 

— 

67° 

167° 

299° 

226° 

208° 

— 

233° 

CH, 

- 

e — 

220° 

206° 

210° 

280° 

230° 

— 

166° 


For yellow mercuric oxide with carbon monoxide and hydrogen the numbers arc 
respectively <0° and"50° ; for lead dioxide, 110° and 150°; for red lead, 150° and 
170°. In many cases the carbon monoxide is burned preferentially before the 
hydrogen, as shown by E. D. Campbell, C. R. A. Wright and A. P. Luff, I. W. Fay 
and co-workers, etc. A. F. Benton considered the mechanism of the reduction 
‘involves adsorption of the gas, isomeric change, and evaporation of the gaseous 
product of the reaction from the surface of the oxide. A. dc Hemptinne studied 
the reducing action of the electric discharge on metal oxides in the presence of 
carbon monoxide. H. Quantin studied the joint action of carbon monoxide and 
chlorine an some metal oxides. The reduction of cuprous oxide by carbon monoxide 
has been studied by F. Schlagdenhauflen and M. Pagel, and by C. R. A. Wright and 
A. P. Lufi; that of (pipric oxide by K. Stammer, A. de Hemptinne, I. L. Bell, and 
C. R. A. Wright and co-workers—ride the jcspective oxides.. The reduction of silver 
oxide by carbon monoxide has-been studied by F. SchlagSenhauffen and M. Pagel, 
and A; Gautier—ride infra. The latter showed that with moist silver oxide a 
basic carbonate is formed: SAgjO-f C 0 =Ag 20 .Ag 2 C 03 -f- 2 Ag. H. Dejust gave for 
the htUt of the reaction pt ordinary temp.: C0-(-Ag20=2Ag-|-C02-t-61'2 Cals. For 
merourio oxide, ride i^fra. ’K. Stammer found that carbon monoxide does not 
reduce rino (aide. F. J. Brislie studied the reduction of cadminm oxide and of 
bismuth oxide by carbon monoxide. F. C. Phillips found that a soln. of cerium 
dioxide in sulphuric acid is not reduced by carbon monoxide. The reduction of 
lead oxide has been discussed by C. R. A. Wright and A. P. Luff, A. de Hemj^inne, 
and F. J. Brislie; tin oxide, by K. Stammer, aljd F. Schlagdenhauffen and M. Pagel; 
tndqgsneM oxide, by I. L. &11, K. Stammer, 0, ReA. 'Vmght and A. P. Luff, and 
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6 . Charpy; (fliromio oxide, by G. Cha^y, F. C. Phillips, A. Gautie$, a^d F. Sohlag- 
denhsufien and M. Pagel. According to K. A. Hofmann, carboy monoxide is 
oxidized by a soln. of clubmic add to which mercuric oxide has been added as 
catalyst—otde supra. The oxidatidn is then sufficiently rapid to remove carbon 
monoxide from air and other gases with sufficient rapidity for analytical and hygienic 
purposes. The reduction of molybdenum oxide by carbon monoxide was observed 
by F. Schlagdenhaufien and M. Fagel; iron oxide, by W. Mfiller, 0. Boudouard, 

E. Baur and F. Glassner, B»Osann, L. Gruner. A. de Hemptinne, A. Gautier and 
P. Clansman, J. Braithwaitc, G. Charpy, I. L, Bell, etc. G. Chaudron found that 
below 680°, the reaction is Fca 04 + 4 C 0 T=^ 4 C 02 -|-3Fe ; above .680°, there are two 
equilibria : Fe 304 +C 0 wa 3 Fe 0 +C 02 I and Fe0+C0v=iFe+C02; and all three 
solid phases are in equilibrium at 580°; ferrous oxide is unstable below 580°, 
reacting 4 Fe 0 waFe 3044 -Fe— vide iron oxides. The action of carbon monoxide on 
nickel oxide has been studied by I. L. Bell, C. R. A. Wright and A. P. Luff, 

0. Boudouard, etc.; on cobalt oxide, by 0. R. A. Wright and A. P. Luff, 1.1;. Bell, 
and 0. Boudouard; and on osmium tetroxide, by F. C. Phillips. 0. Boudouard 
found that soln. of potassium ruthenate are rapidly reduced by carbon monoxide. 
K. Stammer found that potassium chromate is reduced by carbon monoxide, 
forming chromic oxide and potassium carbonate: while lead chromate furnishes 
lead and chromic oxides. F. C. Phillips found that neutral, acid, and alkaline 
soln. of potassium permanganate are easily reduced by carbon monoxide. V. Meyer 
and M. von Recklinghausen, H. Hirtz and V. Meyer, and (.b Engler and W. Wild 
made observations on this subject. A. Merinct found that a soln. of potassium 
permanganate, acidified with nitric acid, and mixed with silver nitrate, is decolorized 

by carbon monoxide. ,,, t * 

The physiological action ol carbon monoxide.—The toxic nature of the fumes 
from burning charcoal was commented upon by F. Hoffiiann 21 111 an may: 
Grundliches hedenhmvon dem schadlichen Dampfc der Holtkohen {1719), and H.Hayy, 
and F Odment and J. B. Desormes showed that when mixed with one-fourth its 
bulk of air and inspired, carbon monoxide immediately produces giddiness an. 
fainting fits. In acute poisoning there is a preliminary period of excitation followe. 
by a sensation of heaviness, dizziness, noises in the ear, accelerated cardiac anil 
respiratory movements, oppression on the chest, and maybe nausea and.vonfl ing ; 
there is also muscular weakness, drowsiness, loss of sensaGon, coma, and .loiivnl- 
sions which precede death. The earlier symptoms of slovP chronic 
headache, neuralgic pains, anamxia, loss of flesh, and a sensaLon 
developed by incommensurate exertion. According to L. Hill, and C. 

Foster and 3. S. Haldane, when the blood is 20 per cent. sat. with carbon » 
there occurs dizziness and shortness of breath on “f VT L ' T itTs 
aggravated by increasing the cone, of the gas ; at oO P®' ®®“‘- 
steely possible to stand and the slightest exertion causes a 
conscioTOiess. Exertion, by using up the oxygen in th® '"“f® r*- 

failure of the heart’s action; heirhl mildter^^^ 

changes may set in-and a lasting weakness of the hearj be produced. Any 

quantity above 014 per cent, of carbon, monoxide in the air is dangerous, and 

firepUces stoves, etc., and is exhaled from the jarious chimneys of a large ^y 
in Serlwe vol. A snjoky chimney or a defective flue may mtr^uce sarta 
monoxide into the living rooms. The fumes from slsw ctoiMtion stoves or fire¬ 
places with a restricted exit contain carbon monoxide. The fumes evolved from 
Euming charcoaVor coke in a closed room are toxic in virtue qf the contend carbon 
m^nde. The poisonous nature of these fumes has been utihzed paiteularly in 
France and Germany, as a method of sufcijle, on accqunt of ^e suppled pMnleas- 
ness of the death; and also as an instrument of murder. The pr^ucts ^ 
bnsfdon of coal gas may jjnder,certlin conations contain much carbon mono|!d«, 
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T. E, Thorjfe, {or example, showed that an ordinary Bunsen burner, heating a 
sand tray, evolves 0'022 c. ft. of carbon monoxide per hour. The gas burners 
employed to heat large masses of cold water in bath-ro^ms are a source of danger 
unless provision be made for abundant ventilation. Coal gas contains carbon 
monoxide, and poisoning by coal gas is practically poisoning by carbon monoxide. 
Employees in works where water gas or producer gas is made incur the risk of both 
acute and chronic carbon monoxide poisoning. Water gas, used as a substitute for, 
and as an adjimct to, coal gas contains .up to 40 per cent, of carbon monoxide, and 
its poisonous qualities are still more dangerous owing to the absence of a charac¬ 
teristic odour. The slightest leak in the household gas fittings—and few are perfect 
—is an insidious source of chronic poisoning. 

J. S. Haldane showed that the toxic action of carbon monoxide is directly due to 
its combining with the hamoglobin of the blood to form carboxyhcmoglobin which 
interferes with the activity of the hsemoglobin in forming oxyheemoglobiq,'and 
acting as a carrier of oxygen. He found that (i) when animals were placed in 
oxygen at 2 atm. press., the blood dissolves enough oxygen to render the animal 
independent of the red corpuscles; carbon monoxide at one atm. press, was then 
added but no toxic effects were observed ; and that (ii) animals with no hajinoglobin 
were not affected when placed in an atm. containing 75 per cent, carbon monoxide 
and 25 per cent, oxygen. The carboxyhasmoglobin is more stable than oxyhsemo- 
globin and is more slowly decomposed and ebminated. According to N. Grehant, 
if air with 0 07-0 12 per cent, of carbon monoxide be breathed for half an hour, one- 
fourth part of the hasmoglobin in the blood is put out of action as a carrier of oxygen, 
owing to the formation of carboxyhsemoglobin. According to L. Hill, if blood be 
shaken with 0 07 per cent, of carbon monoxide, and 21 per cent, of oxygen, the two 
gases will be shared equally with the hsemoglobin so that carbon .monoxide has 200 
times more affinity fbr hsemoglobin than oxygen. According to P. Spica and 
G. P. Menegazzi, subcutaneous injections of hydrogen dioxide can convert carboxv- 
hsomoglobin into carbon dioxide, etc. 

The blood in the case of death from asphyxia is dark in colour; in the case 
of carbon monoxide poisoning it is bright florid red. P. A. Piorry noticed that the 
blood—living or dead—is coloured a bright red by the action of carbon monoxide. 
This is due to the formation of carboxyhasmoglobin, which retains its colour under 
conditions where oxyheemoglobin would lose its oxygen and assume the dark 
appearance of reduced 'hsemoglobin. The spectra of hsemoglobin, oxyhsemoglobin, 
and carboxyhsemoglobin by J. Formanek arc shown in Fig. 38; that of oxyhsemo- 
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Fra. 38.—Absorption Wnds.in th« Spectra of Hiemoglabiu (1), Oxyltsemoglbbin (2), 
and Catboxyhismoglobin (3). 

globih is characteristic of flesh blood diluted with water. There are here two bands : 
the one near'the sodium line “is well-defih^ with a head of wave-length 6781; the 
qfhoT, less well-defined, is^ the green, and hau a head of^ wave-length 5417, The 
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6720 and 5381 respectively • The difietence is so small that fh^hangel positiofis 
apprwiahleonly when the two spectA are compared side by side. H^Hartridac has 
developed a method of estimating the magnitude of the displacement bv the mover 
ment on a imorometer reqmted to bring one of the tw6 bands of the cartoxyhasmo- 
globm spect^ coincident with the corresponding band of the oxyhamoelobin 
spectrum. When ammonium sulphide is added to’the dil. blood soln., the absorption 
bands of carboxyhwmoglobm remain unaltered, while those of oxyhtemoglobin are 
merged into one broad band. Since in the case of carbon monoxide poisoning death 
ensues before ^11 the hamoglobin has been converted into catboxyhamioglobin, the 
spMtrum does not necessarily remain unchanged on the addition of ammonium 
sulphide j but the two persistent bands of carboxyhsenioglobin may be superposed 
on theiroad band of the reduced hemoglobin. 

Carbon monoxide, according to G. Senter,^^ has no effect on the action of ferments, 
although G. Bredig showed that it retards the catalytic activity of colloidal platinum. 
W. B. Bottomley and H. Jackson, A. Marcacci, L. Just, and G. Linossier have 
discussed the effect of carbon monoxide on plants, and on the germination of seeds. 

The methods of detecting and measuring small amounts of carbon monoxide in 
a gas can be divided into two classes : (1) those in which carbon monoxyhamioglobin 
is formed; and (2) those in which it is oxidized to carbon dioxide. The methods * 
employed in the first class are virtually all modifications of F. Hoppc-Seyler’s 
method which is based on the fact * that both carbon monoxyhiemogiobin 
formed by the action of carbon monoxide on arterial blood, and oxyh»raoglol)iii give 
distinct absorption spectral bands —vide supra. Of the oxidation methods, the (mo 
employing iodine pentoxide is well suited for the work —vide supra. The reducing 
action of carbon monoxide on mercuric or silver oxide at 60° has been recoipmcndcd 
for the quantitative determination of this gas: Ag 20 +C 0 s=C 0 . 24 -Ag, by 
V. Nesmjeloff, L. Moser and 0. Schmid, F. Schlagdenhauffen ami M. Fugel. and 
E. Glaser. Other reactions utilized in the determination of carbon monoxide have 
been previously iliscussed; they involve the absorption of the gas by an ammoniaeal 
soln. of silver hydroxide: AgiO+CO ^COj+Ag, or by an ammoniaeal or 
hydrochloric acid soln. of cuprous chloride; and the effect .of tlie gas on 
palladious chloride. The gas can also be estimated ^by oxidizing it wi,th 
palladized asbestos and air, or cupric oxide at 250° under conditions ^6 which 
do not affect methane. A. B. Lamb and co-workers discussed the preferential 
combustion itf carbon monoxide in the presence of hydrogen when hopcalite — i.e. 
a mixture of metallic oxides, say, 60 pet cent, of manganese dioxide, and 4Q pot * 
cent, of cupric oxide—is used as catalyst at ordinary temp. Hydrogen is not 
affected. ,• 
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‘, § 27. The Metal Carbonyls 

E. Muller l has discussed the amphoteric nature of tjie carbonyl radicle. Some 
metals unite with carbon monoxide, forming a series of carbonyls. Most of these sub- 
ftances are volatile. Theydifter considerably in their physical properties, but they are 
very similar in their chemical properties. Thus, all these carbonyls have very similar 
chemical properties - for instance, when heated, they all decompose into carbon mon¬ 
oxide and the metal, which is deposited in the form of a bright metallic mirror. They 
arc not attacked by non-oxidizing acids, but arc quickly dissolved by oxidizing acids, 
and specially by aq. soln. of the halogens, with the evolution of carbon monoxide. 
At least one of the carbonyls of each metal is volatile without decomposition, and 
can be purified by distftlation or sublimation. They are all more or less soluble in 
tH« usual organic solvents, sucb qs ether, ethyl alcohol, benzene. Oils, etc., and are all 
insoluble in water. r 

J. L. Gay Lussac and L. J. Thenatd showed that when potassium or sodium is 
heatedjo redness in carbon monoxide, tbe gas inflames furnishing the metal oxide and 
carbon. Atalowtemp.,G.'B.HJIUhnemann found that thecarbon monoxide absorbed 
by potassium is decomposed, and at a temp, below, redness, there is {pnned potassium 
oxide, and a black product whicb furnishes potassium rkodinonate when treated with 
water. The .early chemists noted the formation of a compound of carbon monoxide 
and potassium during the preparation of this element by tbe reduction of potassium 
compounds with carbon. They referred* to it as “ orooonaoeous” matter. Thus, 
A, Rleischl said that when the croeonaceous mStter ^as af;^racted a little moisture 
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from the aitHhere is fomed a product which sometimes explodes sjluitaneously ■ 
and, after any contaminating potassium has been distilled from if it furnishes 
potasMum rhodizonato or (Jroconate, According to J. von Jjiebig, anA J. F. Heller 
temp, molten potassiutatabsorbs carbon monoxide and forma’thc so- 
caUed KohknoxydMtum, and, added B. C. Brodie, at about 80% potassium unites 
with carbon monoxide, forming an aggregate of crystals with a composition approx'i- 
inatmg KjCO ; at a lower temp., darbon monoxide is given off and the dark rod 
product with the composition KCO is prohably a mixture of potassium oxide and 
rhodizonatc ; J. U. Lerch said that moisture is probably necessary for the formation 
of the red product. C. Winkler noted the formation of the explosive compound of 
potassium and carbon monoxide when a mol of potassium carbonate atjd two gram- 
atoms of magnesium po.wder are heated together. R. Nietzki and T. Benckiser 
reggrd thd potassium carbonyl, KgCgOg, formed by the action of carbon monoxide 
on potassium, to be the potassium derivative of hexahydroxybenzene, Og(()H)g. 
They say that this compound is not explosive, but becomes so on keeping. When 
treated with dil. alcohol, potassium dioxycarboxylate, CjlOKlgO., is formed. 
J. U. Lerch also studied the products obtained from potassium carbonyl. According 
to A. Joannis, when purified and dry carbon monoxide is passed into a soln. of potass- 
ammonium in liquefied ammonia at about —50°, the blue colour gradually becomes 
weaker, and at last changes to pink. At this point the reaction is complete, and if 
the ammonia is allowed to evaporate, the compound potassium carbonyl, KoC^Og, 
is obtained as a pale, rose-coloured powder which detonates in contact with "air or 
water, or when heated to 100°. If, however, it is allowed to come in contact with 
water vap. in a vacuum, it deliquesces and forms a yellow soln. The corresponding 
sodium carbonyl, NajCjOj, is obtained in a similar manner as a white powder wifti a 
lilac tint. It detanates at 90° in vacuo, or when brought in contact with air or water, 
but deliquesces quietly in contact with water vap. in a vacuum. When it detonates, 
very little gas is evolved, and a small quantity of sodium cyanide is fdtmed, but 
the principal reaction is represented by the equation 2 Na 2 C 202 =Na.iC 03 -f- Nbi^O fSC. 
When detonation takes place in the presence of water, the small quantity of gas 
evolved contains 86 per cent, of hydrogen and 14 per cent, of carbon monoxide. 

The action of carbon monoxide on copper has been discussed in connection with 
the metal (3.21,13). L. Mond 2 and co-workers did not succeed in prepajing^opper 
carbonyl. According to G. Bertrand, if carbon dio.xide ho passed over heated 
cupric oxide, no unusual effect is observed, but if the gas be first passed over fed- 
hot carbon, a mirtot-like deposit of copper is produced, presumably owing to the 
intermediate formation of copper carbonyl; but E. Mond and C. Hcberlein could 
find no evidence of the existence of this carbonyl. N. 1). Zelinsky has dosc^bcA 
an application of the reaction to cover organisms with a film of metallic cbpper. 
According to M. Bcrthelot, when silver foil is heated for four hours at 600° 
in a sealed ttibe containing dried carbon monoxide, about 3 6 per cent, of carbon 
dioxide is formed, and some carbon is deposited. This reaction begins even at 300°, 
but at this temp, its progress is very slow. Carbon monoxide, when heated at temp. 

' not exceeding 550°, yields carbon dioxide without depositing carbon; it is therefore 
probable that the deposition of carbon in the foregoing experiment results from^ho 
decomposition of a.'silver carbonyl compound anslpgous to the corresponding iron 
derivative. • 


According to H. Moissan,* calcium at a djjll red heat decomposes carbon 
monoxide, but no carbonyl has been reported. 6. Roederer found that wheiaa soln., 
of strontium-ammonium is treated with carbon monoxidi at —45°, a dull yellow, 
pulvetulent mas^of strontiluii oubonyt, Sr(CO) 2 , is qbtainhd; this becomes bright 
yellow on exposure to moist air, forms a limpid, yellow soln. irith water, and blackens 
when heated under reduced press., yielding a mixture ’of strontia, strqntiom 
carbonate, and carbon. Similarly, A. sOuntz and M. Mentrel found that when 
carbon monoxide is passed into a aoln. o! barium-ammonium in liquid ammonia, 

baiitun carbonyl, BalCQ)., istforidbd as yellow powder which is unstable in*air, 

• • • • • 
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becomes br(nrii at 100°, and incandescent at 260°, forming bariuin oxide and 
carbonate andWbon. Carbon monoxide resets with metallic barium at 600°, 
producing a slbperficial.lsyer of barium carbide. ‘ 

J. Parkinson,< C. Matignon, and C. Winkfer found that magnesium at a dull 
tjd heat burns brilliantly in carbon monoxide with the separation of carbon. G.Gote 
^ ssed a stream of carbon monoxide for two days tlwugh a soln. of potassium 
cyanide in which dipped a strip of magnesium; ‘ he found that the metal acquired 
a black film. A. Guntz and A. Hassoq found that if^luminium be heated to dull 
redness in an atm. of carbon monoxide containing a small proportion of the vap. 
of aluminium chloride or iodide, the metal becomes incandescent and is more or less 
completely converted into aluminium carbide. According to A. von Bartal, when 
dry carbonyl chloride is passed into fused'aluminium iodide, at 195°-200°, until its 
weight has increased 25 per ceht., and iodine and unaltered iodide are removed from 
the product by washing with carbon disulphide, a light brown amorphous residue 
of aluminium dicarbonyl dichloroiodide, Al 3 (CO) 2 Cl 2 l, remains; this compound 
cannot be melted even by heating in a sealed tube; it decomposes on heating at 
270°-300° in an open tube, aluminium chloride and iodine volatilizing, and a black 
compound of aluminium carbonyl, Al 2 (CO) 2 , insoluble in water and acid, remains; 
the carbonyl is converted into aluminium oxide and carbon dioxide on prolonged 
heating in air. 

A. Guntz heated finely divided manganese in carbon monoxide, and found that a 
reaction occurs: Mn+CO=MnO+C+34’5 Cals. G. Charpy obtained an analogous 
result with ferromanganese, and with chromium, carbon and chromic oxide was 
formed. L. Mond and co-workers ^ tried to prepare carbonyls of manganese, 
chromium, and tungsten by the action of carbon monoxide on the finely divided 
mdtals at press, up to 600 atm., and at temp, up to 460°, but without success. 
Finely divided molybdenum, prepared by reducing the oxychloride by hydrogen at a 
low tempr, at 200-250 atm., and about 200°, is attacked by carbon monoxide and 
forms highly refracting white crystals of molybdenum carbonyl, Mo(CO)e. The sp. 
gr. of the compound is 1’96, and it is soluble in benzene. The crystals evaporate 
before melting, and can easily be sublimed in an atmosphere of hydrogen or of carbon 
monoxide at a temp, of 30° or 40°. The vap. begins to decompose at 150°. The 
chemical properties resemble those of the other carbonyls. It is scarcely attacked by 
non-oxidizing agents, Wt quickly by oxidizing agents, especially by bromine; carbon 
monoxide is eliminated; and molybdic acid is left in suspension. B. L. Mond and 
A. E. Wallis give Mo 5 (CO) 2 o for the composition of molybdenum carbonyl. Two 
years were required to prepare 170 mgrms. It is insoluble in common solvents. 

„ In 1871, I. L. Bell ® stated that when nickel is heated with carbon monoxide, 
a lilthi carbon is formed, but most of the gas remains unaltered. In the presence of 
finely divided nickel, P. Sabatier and J. B. Seuderens say that the reaction 
2 C0=C-1-G02 begins at about 230°, and is completed at about 349°’. 6. Charpy 
said that nickel turnings at 1000° are not attacked. In 1890, L. Mond and co¬ 
workers showed that when carbon monoxide is passed over finely divided metallic 
nickel at a temp, betweeh 360° and 450°, carbon dioxide is formed, and a black, 
anaprphouB powder is Obtained consisting of nickel and carbon. The composition 
of this powder varies very widely with the temp, employed,, and still more according 
to the tipie the operation has been carried on. A small quantity of nickel can decom¬ 
pose a very large amount of carbon monoxide. At the commencement, a fast 
current, earbon monoxide is c6mpletely changed into carbon dioxide by a com¬ 
paratively small quantity of nickel. By-and-by, the change becomes less complete, 
but the gas may be passed for several weeks before carbon dioxide ceyses to be formed. 
They have in this way obtain^ a product containing as much as 85 per cent, carbon 
and 15 per cent, nickel. Farther. 

When finely divided nickel, sveh ds is obtii&ed by reducing nickel ojride by hydrogen at 
about 400°, is allowed to eool in a slow current of carbon monoxide, tlw flame of a Bunsen 
If^rMr into whied) the escaping gas ie introduoed bbcomqs hi^dv luminous, and when the 
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tube through’which the gas paaaed is heated, a mirror of metallie niekel,{ni]^ with a small 
quantity of carbon, is produced. The gas coutams a compound of nickel and carbon 
monoxide—nickel carbonyl.. The carbon monoxide is very readily absorb^ by the nickel 
as Bmn as the temp, has descended fo About 100°, and if the current of carbon menoxide is 
continued, or if thas gas is replaced by a current of an inert gas (such as carbon dioxide, 
nitrogen, hydrogm, or even air),a mixture of gases is obtainedwhich tiontains upwardsrfrf 
30 per cent, of nickel carbonyl. After a time (with a moderate curreht of gas, about an 
hour), the quantity of this compound given off becomes less and gradually diminishes till 
it practically ceases altogether. The property of the nickel to form this compound is restored 
by heating it again to about 400", and cooling it down ; and, for a time, it yields the com¬ 
pound more abundantly after repeated use. When these mixtures of gases are heated above 
150®, their vol. increases and nickel separates, which, according to the temp., is more or loss 
contaminated with carbon resulting from the action of the nickel upon the carbon monoxide 
generated. , • , * 


Nickel'catbonyl is conveniently made by passing carbon monoxide over finely 
divided nickel at to 50° ; the nickel is made by the reduction of the oxide with 
hydrogen at 400°. The carbonyl is condensed from the escaping gases bypassing them 
through a tube cooled byarefrigerating mixtureof iccand sodium chloride. According 
to J. Dewar, the reaction maybe advantageously carried out underapres8.of2-100atm. 
when the temp, may be raised to 250° without fear of decomposition, and the, reaction 
is then greatly accelerated ; the condensation of the carbonyl is also best performed 
under press, so that the excess of carbon monoxide is led back over the nickel while 
under the same press. E. Tassilly and co-workers passed carbon monoxide over 
reduced nickel deposited on puzzolana, and they found the optimum temp, to bo 45 
at 30 mm. press. According to H. Frey, sodium decomposes ethyl oxalate into ethyl 
carbonate and carbon monoxide. If ethyl oxalate be added from a dropping funnel 
to finely divided nickel chloride or bromide and sodium suspended in dry ligroi'i), at 
90°, the escaping gas contains nickel earbonyl. J. H. W?ibel observed the 
formation of nickel carbonyl when an aq. soln. of a nickel salt is treated with 
carbon monoxide at 100 atm. press, at 1,50°. According to R Lessing, nickel 
carbonyl for organic preparations is conveniently stored in an absorbent material 
like charcoal or coke impregnated with oil; when desired for use, it is taken up by 
passing hydrogen, nitrogen, or other gas into the storqd material. 

At ordinary temp,, nickel carbonyl is a colourless volatile liquid. L. Mond and 
co-workers gave 1'3185 for the sp. gr. at 17°; and L. Mond and R. Nasifli gave 
1-36153 at 0°; 1-34545 at 8°; 1-32446 at 14°; 1-31032 at.20°; 1-298.32 at 
1-28644 at 30°; and 1-27132 at .36°. Hence, the vol. ’of the liquid at 9 is 
t'o(H-0-00162289-fO-056089H0 0850593), where represents the vol. at 0°. The 
inean coeff. of cubical expansion between 0° and 36° is therefore 0 001853. L. Mond 
and co-workers found the vap. density to be 6-01 corresponding with a mol. wt. ow 
160; the formula Ni(0O)4 requires a vap. density 5-9. L. Mond and H. Nasim 
further found the lowering of the f.p. in benzene soln, is normal in agroament with 
the formula Ni(CO) 4 . The b.p. is 4.3° at 751 mm.; M. Berthelot gave 46 ; and 
J. Dewar and H. 0. Jones, 43 2° to 43-33° at atm. press. L. Mond and jo-workers 
found the liquid solidified to needle-like crystals at —25°. According to J. Dewar 
.and H. 0. Jones, the critical temp, is about 200°, and the critical press, about 
.30 atm. A. Mittasch found the vap. press, p mm., at the inaicated temp., to be « 

8-52“ J4-29' S9-87® 


2-06” 

133-1 


7-S6” 

170-6 


16-27’ 20-20” 24-26" 

238-2 294-34 349-7 444-2 532-6 847-2 


According to L. Mond and B. Nasini,’nickel »arbonyl bopM to decomjjose at 
about 36°, and A. Mittasch estimates the percentage decomposition: 


62” 

Decompoeitio# . . • 6-38 0-80 1-10 2-W 6-80 per cent. 

L. Mond and co-workers said that when passed through a h^ot tube at ^*200°, 
the nickel is deposited as a brilliant nftt#llic mteor. J. Garmet attributed the 
aepittation of nickfl in'the flues of furnaces heatiim feno-nickel to the fotmab^ 
and decomposition of a gaseoua nickel cojnpoundl The v,ep. may explode if repidiy 


79” 

I-IO’ 


HD” 

2-60 
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heated to 60'^ bvt, added J. Dewar and H. 0. Jones, only in the presehoe of air or 
oxygen. L. Mond said that the liquid carbonyl does not explode, but it decomposes 
rapidly ^hen heated. It may be distilled if it is dissolved in a liquid of higher boiling 
point, but even then it also decomposes with thi e'volution of carbon monoxide and 
the deposition of nickel m a very finely divided state. 

According to Si. Berthelot,' the reaction Ni(CO)4=Ni+4CO is endothermal and 
reversible; while the reaction Ni(C 0 ) 4 =Ni+ 2 C+^C 02 is exothermal and reversible. 
He said that the former reaction occursof the compound is slowly heated, and the 
latter if rapidly heated. A. Mittasch observed no signs of the'formation of carbon 
dioxide; and M. Berthelot (1901) obtained only 1 c.c. of carbon dioxide after heating 
a 36 c.c. bulb of gas for some hours at 560°, . According to A. Mittasch. if x denotes 
the cone, of carbon monoxide when the system is in equilibrium, a—x will be the cone, 
of the nickel carbonyl; and since the cone, of the solid phase—nickel—is a constant, 
for equilibrium, Ni(CO)4?^Ni+4CO, x*—K{a—x), where K is the c(jailibrium 
constant. The observed values of K are in agreement with this assumption. The 
internal heat of the reaction calculated from (d log K)ldt=QjRT^ give Ni+4CO 
=Ni{CO)44-43'63 Cals. L. T. Reicher obtained 59'5 Cals, from the heat of com¬ 
bustion, but by correcting this for the external work the observed value becomes 
50'7 Cals. Observations on the speed of decomposition show that the decomposition 
of nickel carbonyl is a reaction of the first order, which is explained by assuming the 
reaction occurs only on the walls of the containing vessel, while the formation of nickel 
carbonyl is a reaction of the second order, and this is explained by assuming that the 
reaction occurs in stages : Ni-l- 2 COT=^Ni(CO) 2 , and Ni(CO) 2 -f 2 CO^Ni(CO) 4 . 
Traces of air, or of hydrogen sulphide, retard the reaction to a very marked degree ; 
and small quantities of water vapour exert a slight disturbing action. The temp, 
coeft. of the decomposition is'greater than that of the formation of nickel carbonyl. 
J. Dewar and H. 0. Jofies gave 6'4 Cals, for the mol. heat of vaporization. 

L. Mond and, E. Nasini found the at. refraction of the nickel in nickel carbonyl 
to be about three times as great as nickel in the metallic state or in its salts; 
A. J. F. de Silva showed that the mol. refraction of nickel carbonyl is higher than the 
sum of the at. refractions of nickel oxide and carbon monoxide. J. H. Gladstone found 
the mol. refraction for the H,.-line is 57'7°; and the mol. dispersion betwee'n theHy- and 
the H„-lines is 5’93. L. Mond gave 58'63 for the mol. refraction fz/D; and 1'1236 
for the dispersion coeS. He added that the compound is opaque to rays of wave¬ 
length exceeding 3 820. He also found that the gas burns with a faintly luminous 
flame in which metallic nickel is liberated, and which gives a continuous spectrum. 
When sparked in a vacuum tube at 5 mm. press., the spectrum of carbon monoxide 
'alor.e is obtained. When the gas is diluted with hydrogen, it burns with a yellowish- 
green flame ivhich furnishes the line spectrum characteristic of nickel. L. Mond 
found nickel carbonyl to be a bad conductor of electricity. G. Jaft4 said that the 
ionizatiofl is 5’1 times as great as that of air. A. Mittasch gave 10~*'rec. ohms for 
the sp.. conductivity of the liquid. L. Mond gave 38'21 for the magnetic rotatory 
power, a value greater than that of all other substances with the exception of 
phosphorus. The dian^agnetic constant is —3'131 X 10i“. Unlike the general para¬ 
magnetic properties of the nickel salts, nickel carbonyl is thus strongly diamagnetic. 

Attempts by L. Mond, H. Hirtz, and M. D. Cowap to prepare nickel tricarbonyl 
analogous with cobalt tricarbonyl were<«ot successful. L. Mond suggested the first 
of the following formute to explain the physical properties of nickel carbonyl. 
Here ttokel is represented as an octovalent element. H. B. Armstrong, J. H. Glad¬ 
stone, H. 0. Jones, and 'A. J.- P. de Silva preferred the ring formula with nickel 
divalent. " . • • 


C<5^v,,,,,CO 


Ni< 


CO-CO 

CO-CO 


The mam argument in favour of the cycloid or ring formula is that it affords an expla¬ 
nation of the complete masking of the metal, com'paraWe, for.example, with that which 
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sulphur sufifts in thiophene. L. Mond added that it is doubtful i^aWthe carbonyl 
radicles are directly associated with nickel since it would then he neces^ry to assume 
an excessive valency for the clement. On the other hand; the ring formula does 
not explain why in the case of thc'aialogous cobalt compound one carbonyl group is 
more easily eliminated than the others; and why the cobalt oompoand has double tlje 
formula weight in benzene soln. Consequently, said t. Mond and co-workers, these 
compounds probably have a molecular rather than an atomic constitution, similar 
to the hydrates of salts or of Bcids, the carbonyl group taking the place of the water 
of crystallization or hydration. Here again, however, the difficulty arises that we 
have to assume that these compounds, although they can be obtained in a gaseous 
form, have a normal gas density, and so^far as they could be investigated therein, 
exist in the gaseous state also in this molecular condition. 

.Recording to M. Berthelot, at ordinary temp, nickel carbonyl is stable in the 
gaseous or liquid state when it is sealed up in glass tubes; if exposed to the air, 
oxidation occurs, and there separates, according to L. Mond, nickelous carbonate, 
and, according to M. Berthelot. green nickelous hydroxide; at the same time, a part 
of the vap. oxidizes, forming a white deposit having the composition CjOjNiO.HjO. 

A mixture of the vap. with air or oxygen burns or explodes on contact with a red- 

hot substance, according to the relative proportions of oxygen and vap. present. 

The explosion of a mixture of dry nickel carbonyl and oxygen can be produced by 

shaking energetically with mercury. Nickel carbonyl is insoluble m water, the 

gaseous mixture in presence of a little water oxidizes slowly, with formation of a 

CTeenish, gelatinous precipitate. This compound contains mckel, oxygen, water, 

and some combined carbon; it blackens on heating from separation of carbon. 

Simultaneously with the production of this complex oxide in the cold, «»rhomc 

is regenerated. 'Kie dry mixture undergoes a similar decomposition, but the oxide 

formed is yellowish-brown ; in time it blackens by further dtcompositiom Liquid 

nickel car^nyl kept under water without exclusion of air decomposes m a similar 

manner, but more slowly. Nickel carbonyl thus behaves in a manner anabpous 

to the organo-metallic radicles and the metallic derivatives of acetylene. Nickel 

carbonyl is insoluble in dil. acids or alkalies, and in qcid soln. of 

The m^t suitable solvents are the. hydrocarbons-cg. turpentine. I- Mom am 

C. Langer found it to be soluble in alcohol benzene, am chloroform . « ‘V’ 

and K A. Loos, in toluene, acetone, and methyl or ethyl alQohol. "hen so . 

chloroform, acetone, benzene, toluene, and methyl or 

stand for some time, there separates a green f 

mixture of nickel hvdroxide and carbonyl. E. Hatschek and P. t. L. 1 borne toumi 

that the soln. in benzene begins to dissociate below the b.p. turning greenis i- irojvn • 

“ and eo-workers to decomj^sc nickel 

catbonvl • chlftLe furnishes nickel chloride and carbonyl chloride ; bromihirbchavcs 
rarilogr^ F. E. E. Lamplough 
A. Mittasch found that iodine gives a nickel salt and 

J Dewar and H. 0. Jones, asoln. of chlorine, bromine, or iodine in an organic soivenc 
decom^s the carbonyl with the evolution of carbon monoxide; liquid chlorine or 
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with cone, sdlphnric acid detonates in a few nuimenta; but if the carbouyl be diluted 
with nitrogen^ the decomposition may proceed quietly—;each atom of nickel furnishes 
a mol. of nickel sulphate and four mols of carbon monoiide—at the same time some 
of the sulphuric acid is reduced. J. Dewar and H; 0. Jones found that with sulphuric 
qcid, nickel sulphate,- hydrogen, and carbon monoxide are slowly fonned: 
Ni(C0)4+H2S04=NiS04+Hi!+4C0. 

M. Berthelot observed that ammonia gas does not act on nickel carbonyl immedi¬ 
ately, but if oxygen be gradually added to the mixtuje, a white complex substance 
is formed which blackens when heated. According to H. 0. Jones, nickel carbonyl 
in alcoholic soln. reacts with hydroxylamine, NHjOH, forming a bluish-violet mass 
which solidifies in the desiccator, is insoluble in all solvents tried, and decomposes 
at 100°. The ratio of nickel to hydroxylamine in the compound is°l: 4 or 1; 6 . 
Hydrazine, N 2 H 4 .H 2 O, furnishes analogous compounds.. M. Berthelot .found that 
nitric oxide, passed into liquid nickel carbonyl, or mixed with its vap. volatilizhd in 
nitrogen, produces blue fumes, slowly deposited. The addition of a further quantity 
of nitric oxide, even when its initial vol. was four times that of the gaseous nickel 
carbonyl, reproduces these fumes. The inference is drawn that the vap. of another 
nickel compound is present as well as the nickel carbonyl, and forms a blue compound 
immediately with nitric oxide, which is present in excess. If a few bubbles of oxygen 
be introduced in place of the second quantity of nitric oxide, a blue compound, 
different from the one noticed above, is formed. According to R. L. Mond and 
A. E. Wallis, nitric oxide colours a one per cent. soln. of nickel carbonyl in chloro¬ 
form an intense blue; and on evaporation in the absence of air, a blue powder is 
produced. It is assumed that a nickel nitrosocarbonyl is formed, but the analyses 
wjre unsatisfactory. L. Mond and co-workers found that nitric acid oxidizes nickel 
carbonyl and colours the alcoholic soln. blue. M. Berthelot foqnd that phosphine 
reacts with nickel carbonyl, forming a black shining compound. 

Accofding to J. Dewar and H. 0. Jones, aluminium chloride does not react with 
nickel carbonyl nor has the carbonyl any action on the aliphatic hydrocarbons, but 
with benzene or toluene, aluminium chloride, and nickel carbonyl, a rapid evolution 
of hydrogen chloride occurs and a dark viscid mass is formed ; toluene, j»-xylene, 
naphthalene, and mesitylenc also react more or less slowly. Nickel carbonyl reacts 
with 'benyene in the presence of aluminium bromide. H. 0. Jones found that 
nickel carbonyl rea< 5 t 8 like the keto-compounds. Alkyl magnesium compounds, 
phenyl magnesium iodide, etc., also react with nickel carbonyl. J. Dewar and 
H. 0. Jones found that nickel carbonyl and carbon disulphide do not react to an 
appreciable extent in the liquid state, unless the two liquids be exposed to Ught; 
bq,t they readily interact in the vaporous state, and the reaction is favoured by a 
decrease of press, as is also the case with the oxidation of phosphorus and of aldehyde 
vap. The reaction is represented by 2 Ni{CO) 4 -l-C 82 = 2 Ni 8 -|- 8 CO-f C rather than 
by Ni(C(y; 4 -t-C 82 =Ni 8 -t-C 8 -l- 4 CO. The reaction proceeds in darkness and in the 
absence of moisture. Carbonyl sulphide, allyl sulphide, thiophene, ethyl trithio- 
carbonate, ethyl dithiocarbonate, thiocarbonyl cbloride, and thiocarbamide all react 
with nickel carbonyl to produce brown or black deposits. J. Dewar and H. 0. Jones 
found that a soln. of cyanogen in an organic solvent decomposes nickel carbonyl 
with the evolution of carbon mpnoxide. The physiological action of nickel carbonyl 
has been studied by H. W. Armit, J, G. McKendrick and W. Snodgrass, L. Mond, 
E. Vahlen, A. Mittasch, etc. , Spall quantities of the vap. are very poisonous, being 
decomposed in the lungs into csffbon monoxide and a nickel derivative. 

L. Mond said that' the metals and the metal salts do not react with nickd car¬ 
bonyl. A. Mittasch found that sodium chloride, lithium chloride, m^urio chloride 
or cyanide, chromic chloride, potassium iodide, potassium nitrate, nickel sulphate, 
and silver nitrate are insoluble in liquid nickel carbonyl; traces of some salts do 
dissolve but the soln. are non-conducriitg. He also found that silver nitrate and 
platinum tetrachloride are decomposed 'by nickel carbonyl ;• L. Mond and co-wwkers 
•^to found that ammoniacal silver and cuprio salt p)ln. ^ reduced. H. Berthelot 
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said that a dil. or cone. soln. of potassium hydroxide has no action tin {he carbonyl. 
R. L. Mond and A. E. Waljis found that moist air, carbon,monoxide, and nickel 
tetracarbonyl at 200° give a yelbw deposit of colloidal basic nickel carbenate of 
variable composition. 

Cobalt was found by I. L. Bell to react with carbon monoxide less readily than 
nickel, furnishing a little carbon. .P. Sabatier and J. B. Senderens also found that 
the reaction 2 C 0 =C+C 02 oraurs at a higher temp, with cobalt than with nickel. 
L. Mond, C. Langer, apd L. Qdincke obtained no cobalt carbonyl under the conditions 
employed for the nickel compound; but later L. Mond, H. Hirtz, and M. D. Cowap 
found that cobalt tetracarbonyl, Co(CO) 4 , can be made by heating cobalt over 160'' 
in an atm. of aarbon monoxide at a press-, between 30-40 atm. The higher the press, 
up to at least 2TO atm., the more rapid the formation of the carbonyl, likewise also 
when the temp, is raised to 220°. Cobalt tetracarbonyl furnishes orange-coloured 
transparent crystals which are best preserved by sealing them in an atm. of hydrogen 
or carbon monoxide in a glass tube. The sp. gr. of the crystals is 1-73 at 18°, if 
kept for a few hours the sp. gr. increases owing to decomposition. The vap. density 
co^d not be determined directly owing to the decomposition of the carbonyl. The 
crystals melt without decomposition at 51°; very slow decomposition sets in 
immediately after melting, and it is quite appreciable at 53°, and fairly rapid at 60°. 
Decomposition is complete at the last-named temp, in two days, and cobalt trioar- 
bonyl is formed. Thevap.press.atl.6°is0072mm. The mol.wt.bythe cryoscopic 
method in benzene is 328, corresponding with the doubled formula OojfCOjg. The 
crystals decompose when exposed to the atm., a deep violet substance, consisting 
of a basic cobalt carbonate, being left behind. Cobalt carbonyl is very slowly 
attacked by non-oxidizing acids, such as hydrochloric or sulphuric, whereas wllfen 
nitric acid or bro&ine is present, the reaction is accelerated .considerably, and the 
corresponding cobalt salt is formed with the elimination of carbon monoxids, accord¬ 
ing to the equation Co(CO)4-l-Br2=CoBr2-l-4CO. Cobalt carbonyl is insoluble in 
water, to more or less soluble in organic solvents, such as carbon disulphide, ether, 
naphtha, alcohol, and also in nickel carbonyl. If these soln. arc kept for some time, 
or if they are warmed, decomposition ensues. R. L. Mond and A. E. Wallis fouud 
that nitric oxide reacts with cobalt tetracarbonyl sldwly at room temp., inslisntly 
at 40°, forming a cherry-red liquid with the composition cobalt nitrosotrioarboivl, 
Co(CO) 3 .NO. The mol. wt. by the vapour density method is,ni-7 ; theory rcquincs 
173. The mobile liquid is very volatile; its sp. gr. is 1-5126 at 14°; its b.p. 78-6° 
at 761 mm. ;• andi ts m.p. is •—105°. The vap. press, at 14° is 77 mm., at 23°, 100 
mm.; at 36', 171 mm.; at 45°, 251 mm.; at 56°, 361 mm.; and at 66°, 517 mm. , 
The compound slowly decomposes above 66°. It is stable under water in which it is 
insoluble; it is miscible in all proportions with alcohol, benzene, ether, chloroform, 
etc. It may Jie distilled in a current of inert gas at 50°-60°, with only .a slight 
decomposition into cobalt tricarbonyl and nitric oxide. As indicated above, when 
cobalt tetracarbonyl is allowed to stand for a couple of days at 60°, it furmshes cobUt 
trioarlxHl^ Co(CO)s, which, is purified by cooling the soln. in warm benzene. The 
crystals are jet-black. 'They arc so slightly soluble in the varioais menstrua tried that 
their mol. wt. was not determined. Th'e compound decomposes when heated above 
60°. At temp, up to 60°, nitric oxide does not restet with cobalt tricarbonyl, but 
at 75°-80° there is a slight reaction. J. H. Weibel observed that traces of cobalt 
carbonyl appear when an aq. soln. of a cobalt ssAt is treated with carbon^mon- 
oxide at 100 atm. press, and at 160°. , 

K. Stammer said that iron at a dull red heat dccomposes^arbon monoxide with 
the separation ol»carbon; H. Buff and A. W. Hofmann, I. L. Bell, A. Guntz, 
P. Sabatier and J. B. Senderens, A. Gautier and P. Claiismann, G. Charpy, M. van 
Breukeleveen and A. ter Horst, etc., have made observations on the reactfons: 
Fe-|-CO=FeO-f-C-f,20-l Cals., and FeO-pOO=FeVC @2 i aad on the/iementation 
Of iron by the carbon. L. Mond, C. ^singer, and ]f. Quincke obtained no carbo*yl 
the conditions they eiipliyed fpt #uckel tetraaarbonyh L Mond »nd 
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F. Quincke volaislized reduced iron to a alight extent by heating it to 8(5° in a stream 
o£ carbon monoxide, and concluded by analogy with nickel tetracarbonyl, that an 
iron tetracarbonyl was'formed. J. Garnier ako inferred that from the luminosity 
of the flame of carbon monoxide a volatile compound of this gas with iron was 
formed in the mAiufacture of iron and steel. M. Berthelot also treated reduced 
iron at 45° with carbon monoxide and obtained eividence that a small quantity of a 
volatile iron carbonyl was formed.. L. Mond and C. Langer isolated the compound 
and showed it to be iron pentacarbonyl, Fe(CO) 5 , and rfot the tetracarbonyl. Finely 
divided iron was allowed to remain in contact with carbon monoxide at ordinary 
temp., and then heated to 120° to distil off the iron carbonyl. A better yield is 
obtained by'distilling in a slow current of. carbon monoxide. The hrqp carbonyl is 
condensed in a tube cooled to—20°. The remaining iron- was allowed to cool, and 
again to stand in contact for 24 hrs. with carbon monoxide; The daily yield is about 
a gram of carbonyl per 100 grms. of i»on. No increase in the yield waS* obtained 
by working with carbon monoxide under a press, of 10 atm. R. L. Mond and 
A. E. Wallis studied the best conditions for making this compound. A. Stoffel 
investigated the conditions governing the formation of iron pentacarbonyl. Up 
to 60°, the influence of temp, on the reaction is slight, but just below 80°, adsorption 
of the reaction product by the iron at first retards the formation of the carbonyl, 
and finally inhibits it. Above 80°, dissociation stops the action, so that large 
quantities in the state of vap. cannot be formed. The presence of ammonia acceler¬ 
ates the combination of carbon monoxide and iron; that of hydrogen sulphide 
exerts no influence. R. L. Mond and A. E. Wallis measured the yields at different 
temp, and press., and found that the formation of the carbonyl rapidly diminishes 
when the temp, exceeds 200°, but up to that temp, the yield is greater the higher 
the temp, and at a prpss. of 300 atm. is 4 to 5 times as great as ^it 100 atm. press. 
J. H. Weibel observed no formation of an iron carbonyl when an aq. soln. of an iron 
salt is treated with carbon monoxide at 100 atm. press, at 150°. 

L. Mond and C. Langer found that iron pentacarbonyl is a pale yellow, viscid 
liquid. J. Dewar and H. 0. Jones found the sp. gr. of the liquid referred to water 
at4°; 

-20’ ‘0‘ 21'1° 40” 60" 80“ 120’5" 

Sp. gr.'. " . .. 1-53 1-4937 1-4606 1-4330 1-3826 1-3610 1-310 

The coeff. of expansion'between 0° and 21° is accordingly 0 00121; between 20° and 
40°, 0-00128 ; and between 40° and 60°, 0 00142—the mean coeff. of expansion over 
the whole range is 0 00138. According to L. Mond and C. Langer, the pentacarbonyl 
t distils without decomposition at 102-8° and 749 mm. It solidifies below —21° to a 
mass' of yellow, needle-shaped crystals. When heated to 180°, it is completely 
decomposed into iron and carbon monoxide. The dissociation at 130° amounts to 
about one J>er cent.; at 140°, it is quite marked, and is attended by th® separation of 
iron ; at 216° the dissociation is complete. The ruction is reversible. The dis¬ 
sociation increases with a diminution of press., and is smaller in an atm. of carbon 
monoxide than in an inert gas. Iron pentacarbonyl is more stable, and dissociates 
more slowly than nickfel tetracarbonyl. J. Dewar and H. 0. Jones found the b.p. to 
be 102-7° at 764 mm.; or 102-5° at 760mih.; the m.p. is bs,tween —19-6° and —‘iff. 
The critical temp, is 255°-288^; thq critical press., 29-6 atm.; and the critical 
density, 0-49. The vap. press.,mm.,.is: 

» _7" O’ 16-1" 18-4" 36-0” 57” 78" 

p . , . , " . . 14-0 16-0 25-9 28-2 52-0 133 0 311-2 

The heat of vaporization is 39'45 oak. per gram.' 

The vap. density 6-5 corresponds with the value 6-7 calculated for the penta- 
oarbonyl. Analyses ako agree with tlje pentacarbonyl. The formula Fe(CO)j 
agrees Wh the f.p. of a soln; of the carbonyl in benzene, ftte formation of ferrous 
saUs when the pentacarbonyl is,decomposed, by non-oxidizing and non-reducing 
agents agrees wiA the assumption that the irqn ii bivsfient; and the masking of 
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the optical properties of the iron by the carbonyl groups is in agreeniont with the 
ring formula: • 

advocated by L. Mond, J. H. Gladstone, A. J. F. .dc Silva, efc. J. Dewar and 
H. 0. Jones gave 1’619 for the index of refraction for Na-!ight at ‘22", and 1028 with 
Tl-light. L. Mond, and J. H. Gladstone found for the mol. refraction p/D ==69‘30; 
and for the H-line, 68‘6. Th% mol. dispersion between Hy and H<,=6'6. The atomic 
dispersion of iron in this compound is much greater than that of iron in the salts of 
that element. 

According to J. Dewar and H. 0. JoneS) iron pentacarbonyl is not altefed when con¬ 
fined in a sealed tube in darkness, but it is decomposed in sunlight whether it be alone 
or in soln., and yellow crystals of the enneacarbonyl appear. When iron pentacarbonyl 
is exposefi to air,' L. Mond and C. Danger starte that it is slowly decomposed with the 
formation of a brown precipitate, mainly hydrated ferric oxide. The pentacarbonyl 
is soluble in many organic liquids such as alcohol, ether, benzene, mineral oils, etc. 
According to L. Mond and co-workers, and J. Dewar and H. 0. Jones, the halogens 
chlorine, bromine, and iodine react with decreasing velocity, forming the iron halide 
and carbon monoxide. Chlorine or bromitie water acts quickly on the carbonyl. 
H. FreundUch and E. J. Cuy also noted that iodine and the pentacarbonyl react 
in sunlight or when warnn^d in alcoholic soln., forming ferrous iodide, ii. Moud, 
J. Dewar, etc., showed that gaseous hydrogen iodide reacts with the evolution of 
hydrogen and carbon monoxide; gaseous hydrogen bromide or chloride does not 
act, but a soln. of these compounds in chloroform acts on the carbonyl. Dil. hydro¬ 
chloric acid does not act at ordinary temp. Chloroform soln. of the mono- and tri¬ 
chlorides of iodineturnish ferrous chloride and carbon inonoxi<}e; and a soln . of cyano¬ 
gen iodide in chloroform forms ferrous cyanide, and a little ferrous iodide. Dyanogen 
has no action on iron pentacarbonyl, but in alcoholic solm there i8*a slow reaction. 
These reactions resemble those with nickel carbonyl, but they take place more 
slowly. Iron carbonyl, however, does not react with sulphur dissolved m xylene 
or carbon disulphide. Gaseous hydrogen sulphide is without action, but when dis¬ 
solved in alcohol, it forms ferrous sulphide, hydrog^ and carbon monoxid^ Dll. 
sulphuric acid or dil. nitric acid has no action at ordinary temp., but wln'n the acid, 
is dissolved in ether or carbon tetrachloride there is a turbulent eyolutnin. of 
hydrogen and carbon monoxide—e.i/. H 2 S 04 -f-Fe(C 0 ) 5 =FeS 04 -(-H 3 -)- 6 C 0 . Cone, 
nitric acid forms ferric nitrate quite readily. Iron carbonyl has no action on 
nitric acid dfesolved in carbon disulphide or xylene. When heated with benzene and „ 
aluminium chloride in a sealed tube at benzaldehyde and anthr.-icene^re 
formed; no anthracene is produced in the cold. H. Freundlich ami E- uy 
found a red compound with alcohol can be formed which is soluble iiweliher, and 
soon forms a green tetracarbonyl; it is a very strong reducing agent. Ac^.ding to 
L Mond and C. Langcr, alcoholic soln. of sodium and potassium hydroxides absorb 
the van. rapidly, and also dissolve the liquid without the evolution of gas. After a 
while, a greenish precipitate is formed, which contains chiefly hydrated ferrous oxide, 
and the soln. becomes brown. On expOsisg it to the air, it takes up oxygen, and the 
colour changes to a dark‘red, whilst hydrated ferric-oxide separates out. When an 
acid is added to an alkaline soln. of the pentacarbonyl, H. Freundlich and E. J^. Cuy 
found that a white milky precipitate is produced winch soon decompores with tbe 
evolution of carbon monoxide and dioxide, and hydrogen, *nd the iMt-namSd gas 
is in the proportion to be expected if the iron in the cirbonj} is dissolved as metol, 
so that in alkalinasoln., the iron ii) present in the same state of oxidation as it is 
in the pentacarbonyl. According to J. Dewar and H. 0. Jones, on mixing alcohohc 
soln. of ferropentacarbonyl and mercury chloride, a slight evolution of oahbon 
monoxide is observed, and a yeUowish, Brystalline piwipitate is fowed contain- 
inff iron, mercury,* chlorine, and t^bon monoxide. The analyaes, however, ^d^ 
not give figures from which a defiijite fotmi^ cduld be deduced. • 
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When iroit ptntaoaibonyl in a sealed tube, below 80°, is exposed to sunlight 
either in the gaseous state or in soln.—in ether, amylene, alcohol, or ligKun which 
gives better results as 'solvents than benzene-^olden-yellow, tabular crystals are 
formed and the press-in the tube becomes very great. The dry crystals have a metallic 
lustre and resemblb flakes of gold. L. Mond and C. Langer regarded this product 
as iron heptacarbonyl, FejtCOlj, but J. Dewar gnB H. 0. Jones showed that the 
product is orange-red, and is iron enneaoarbonyl, FejfCO),, or Fe(CO) 6 .Fe(CO) 4 . 
The reaction is symbolized; 2Fe(dO)5=Fe2(CO)i)-t-CO. The reaction induced by 
light is slowly reversed in darkness. The graphic formula is: ' 

Fe-CO.CO.CO.CO. 

Fe-CO.CO.Cd.CO.^*^® ' 

The light from the electric arc induces the change slowly, while the light from an 
acetylene flame has very little influence.* Blue bght is most active, and the activity 
diminishes towards the red end of the spectrum. Variations of press, up to 126 atm. 
have no appreciable influence on the reaction; and the change is inhibited at 60'’ 
to 100°; but at the temp, of bquid air, there is a slow decomposition. R. L. Mond 
and A. E.Wallis observed no reaction between nitric oxide and iron enneacarbonyl 
below 60°; at 63°, there is a slight reaction and beads of a red liquid appear. At 
100 °, the reaction is complex, some liquid pentacarbonyl and some tetracarbonyl are 
formed, and after a time the whole decomposes with violence. The reaction at 
70°-86° is regular, and is represented 2Fe2(CO)9-|-NO=FeNO.3Fe(CO)5-i-30O. 
The red liquid, iron nitrosopentadecacarbonyl, FeifCOlisNO, is decomposed by 
repeated distillation, forming iron pentacarbonyl, and a brown powder containing 
iro» and nitric oxide. The properties of the red liquid resemble those of the nickel 
nitrosotricarbonyl. W^en iron pentacarbonyl is dissolved in nicW carbonyl, the 
decomposition by light is very slow, and a 10 per cent. soln. does not deposit solid 
or evolve gas, even after several weeks’ exposure to bright sunlight. To account 
for this, it is suggested that combination takes place, resulting in the formation of 
terronickel enneacarbonyl, FeNi(CO) 9 , which is not acted on by light. This view 
is in harmony with the fact that these soln. are much paler in colour than corre¬ 
sponding soln. of the' pentacarbonyl in other solvents. The crystals are dried over 
sulphuric acid and solid paraifln. The orange-red hexagonal plates are stable in 
dry air. The sp. gr. is J'085 at 18°/18°; and when warmed to 100°, the enneacar¬ 
bonyl decomposes, forming the pentacarbonyl, etc., 2Fe2(CO)9=3Fe(CO)5-|-Fe-|-3CO. 
The enneacarbonyl is almost insoluble in ether, benzene, or ligroin; rather more 
soluble in ethyl alcohol, methylal, or acetone; and still more soluble‘in pyridine. 
Alitmina adsorbs about 2'5 per cent, of its weight of iron pentacarbonyl; on exposure 
to light the powder becomes deeply coloured, and carbon monoxide is evolved: 

When the crystals of the enneaoarbonyl are heated between 50° ^nd 90° in the 
presence of ether, ligroin, or toluene, in an atm. of carbon dioxide, the hquid becomes 
intensely green. J. Dewar and H. 0. Jones cooled the green toluene soln. and 
obtained green prismatic crystals of iron tatracarbonyl, Fe(CO) 4 , the analogue of 
nickel tetracarbonyl. IThe crystals have a sp. gr. 1'994 at 18°/l8°. From the eflect 
of the tetracarbonyl on the f.p. of benzene soln., the mol. lyt. is higher than is 
represented by the normal formula. Iron tetracarbonyl is stable under ordinary 
conditibns, but at 140°-160°, it dissociht^ into metallic iron and carbon monoxide. 
The tetracarbonyl is soluble in toluene,' ligroin, ether, etc. The dark green soln. 
slowl/lose their colour at 100°, rapidly at 140°, and iron is deposited. The soln. in 
pyri(bne and alcohol are^greeil at firat, but they turn red on standing. 

H. Buff and A. W. Hofmann, and I. L. Bell found that carbonSmonozide has no 
action on heated platinum; nor, according to P. Sabatier and J. B. Senderens, has 
finely divided platinum any action at 450°. L. Mond, C. Langer, and F. Quincke 
could not {»qwre a platinum<carbonyl bijr^he method employed |m: nickel carbonyl. 
Afi^rding toE. Harbeck and G. Lunge, the presence of 28 pet cent, of carlxm 
fiioiKixide is sufficient to preveiit thf option pi platiniun bkrk on a mixture 
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of ethylenoiand hydrogen. Moreover, if platinum bfack is sat. witl^ carbon mon¬ 
oxide and the excess driven out with hydrogen, its action on a mRiturc of ethylene 
and hydrogen is destroyed. Platinum black absorbs about, 60 times’ita vol. of car¬ 
bon monoxide, and palladium blaeleabout 36 times its vol. The compound formed is 
probably a true chemical compound, since the carbon monoxide, is not eliminated by 
the subsequent action of other gases, such as hydrogen; it is very wable, but suddeilly 
decomposes at 250° into its constituents. Attempts to isolate the compound were 
not successful since it is not volatile, and cannot be extracted by the ordinary solvents. 
L. Mond, H. Hirtz, and M. D. Cowap showed that if ruthenium-black is subjected to 
the action of carbon monoxide, a very small quantity of a yellow-orange dejmsit is 
formed in a cooled glass tube, and a comparatively strong mirror is formed in a heated 
glass tube. »The reaction does not start below a press, of about 3.50 150 at m., and a 
temp, of 300°., The dejiosit is insoluble in hydrochloric acid, but soluble in nitric 
acid or jjromine, gas being evolvial. It contains ruthenium, and forms a ruthenium 
mirror when heated. The mirror obtaiui’d in the heated glass tube is solulde to 
a slight extent in hydrochloric acid (soln. contains iron). The insoluble |mrt is not 
dissolved by aqua regia, and consists of ruthenium. The orange-yellow deposit 
obtained by heating finely divided ruthenium at .3(X)° in carbon monoxide at i(X) 
atm. press, is extracted by alcohol. The non-volatile product, ruthenium dicMbonyl, 
Bu(CO) 2 , is insoluble in benzene, and in hyclrochloric acid, but is soluble m ethyl 
alcohol, water, nitric acid, and in bromine with the evolution of gas. It, b. Mond 
and A. B. Wallis obtained another volatile rutheinum carbonyl which is crystalline 
and soluble in benzene. 
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§ 28. The Carbonyl Halides 

In 1811, J. L. Gay Luaaac and L. .T. Thdnatd,' and J. Murray said that chlorine 
does not unite with carbon monoxide. J. Murray’s statement was based on an 
attempt to refute the elementary nature of chlorine in favour of the hypothesis 
that chlorine is oxymuriatic acid. He showed that when carbon monoxide and 
chlorine are exposed to sunlight, and then treated with ammonia, the coin, gives 
off carbon dioxide when treated with nitric acid. He therefore concluded that the 
soln. contained ammonium chloride and carbonate, and that the carbonate was 
formed by the alleged oxymuriatic acid (chlorine) oxidizing the carbon monoxide. 
In opposition, J. Davy showed that no combination occurs when equal vob. of 
thesdried gases are mixed in the dark, but combination does occur in light, and 
more particularly in sunlight. The gases contract to half their farmer vol. during 
the combination, and Ihe pro<luct contains neither hydrochloric acid nor carbon 
dioxide. It is absolutely necessary that the constituents should be dried, otherwise 
a mixture of carbon dioxide and hydrogen chloride will be formed “ in proportion 
to the quantity of water present.” He named the product phosgene—iiom <l>m, 
light; and ytewai, I give rise to—it is now called caibonyl Chloride, COClj, or 
carbon oxychloride. T. Wibn and G. Wischin consider a modification of this process 
to be the best method of preparing the gas. The constituent gases are introduced 
at about the same ratedpto a ten-litre gas balloon, and thence into a second smaller 
balloon. Both balloons are exposed to sunlight. It is best to employ a slight excess 
of chlorine, and then to get rid of the excess, as recommended by A. Klepl, by passing 
the product through a tube packed with pieces of antimony; or, as reionunended 
^)y M.,Berthelot, by treating the gas with mercury. The gas thus purified can be 
liquefied by passing it into a tube surrounded by ice or a freezing mixture. T. -Wilm 
and G. Wl4(hin used this method of preparation; and J. Cathala devised a special 
apparatus for the synthesis. 

M. von Reicklinghansen observed that at the moment of illumination the mixture 
expands slightly; there is then a period of induction. .G. Dyson and A. Harden 
observed that there is g, well-marked period of induction with the gases dried by 
sulphuric acid. The effect of the insolation'slowly disappears_when the insolated 
gas is placed in darkness. The period of induction is greatly diminished by admixture 
with air; but does not appear to be specifically affected by the presence of carbonyl 
chloride, hydrogen chloride, excess of carbon monoxide, carbon tetrachloride vap., 
or small amounts of wai^r vap. M. Wildermann showed that after, tha period of 
induction, the rate of combination is in accord with the mass taw, being proportional 
to the cone, of the uncombined gases present, G. Dyson and As Harden Stated 
that the phenomenon 'with a mixture of carbon monoxide and chlorine has probably 
the same explanation as in the case of a mixture of hydrogen and chlorine (2.18,5 ); 
and that the light exerts a speciflb action bn the cUorine in the presence of a gas 
'with which it can combine. D. L. Chapman an^ F. H. Gee founrf that the period ol| 
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induction i*tended by small quantities of nitric oxide, ozone, andnitlbEen chloride 
They therefore explained the photochemical action to the use wTii^h tlie ddorine 
can make of the absorbed light-energy to effect the union-of the two gas. s liotore 
that energy is.degraded to ineffective heat. The inhibitory gases hasten the process 
of energy degradation, and in consequence the chlorine becaines less ellieieyt. 

A. Coehn and H. Tramm found that the speed of the reaction is reduced by drying 
the gases, but the process invariably proceeds at an appreciable rate. J. Cathala 
found the presence of air tod carbon dioxide also retarded the speed of read ion. 
K. I. Bonhdffei Studied the photosensitive reaction CO hCl.,^-COCI.; ami 
M. Bodenstein, the dynamics of the photochemical reaction. 

J. Davy did not succeed in making carbonyl chloridic in qnantily.by passing a ■ 
mixture of'the component gases through a red-hot I'arthenware tiibe, but soine 
of tiie compound is formed under these conditions. iM. Kodenstein and 
G. tjinamt showed that the reaction CQ-|-Cl.jv^CO('L is reversible, ami that 
above 800° the decomposition of the compound is eompfete. They found : 

603"* '>.'>3° r.ii:r ftOd' 

Amount decomposed . . C7 80 01 100 per rent. 


/OO 

latJ 
^60 
>> -W 

■Si 


r 







:: 

:: 












■n 

£1 

'm. 




n 

jMM 

— 







— 


- 








nr 

—i 



























ni 








— 


/fim/tei 

Fio. 39.—Reversibility *of the Re¬ 
action C(>-(-CI,=COCl, at 603?. 


The effect of time at 503° is illustrated by Rig. 31). S. Dusbman, and 
J. A. Christiansen discussed the thermal decomposition of carbonyl eldoride; tbe 
latter found that the velocity of the reaction (f.r/(f(=bVc\;i,(Ocin'i,“*). where tbe 
constant fc at different temp, is represented by 
log ife=-11420r-2-f 15-154. The thermal dis¬ 
sociation of carbonyl chloride was also studied 
by R. H. Atkinson and co-workers. P. Sebutzen- 
berger found thgt carbonyl chloride is formed 
when, the constituent gases are passed over 
spongy platinum at 300°-400°; and K. Patcruo, 
when these gases are passed over animal char¬ 
coal. E. Paterno made the gas by passing a 
rapid current of the mixed carbon monoxide 
and chlorine at ordinary temp, over animal char- 
•'coal; there is a rapid production of carbonyl 
chloride with the evolution of heat. R. H. Atkin¬ 
son, C. T. Heycock, and W. J. Pope found that . ,, , 

for good yields special precautions must be taken in the preparation of the charcoal 
and that highly activated wood charcoal is even more efficient than bone charcoal, 
so that the catalytic reaction is effected 60° lower than is the case with a m* 

hydrogen and chlorine. B. Schering also favoured activated charcoal V. A. Plotm 
koff showed that carbonyl chloride is formed when carbon monoxide aud cWonne 
are passed through a tube containing pieces of aluminium chloride at 30 -<^36 , or, 
better if the gaseous mixture is passed through a sat. soln. of alumimum chloride 
in chloroform He also draws attention to the connection of this mode of preparing 
the gas with E. Baud’s complexes of aluminium and carbonyl chlorides. 

The union of carbon monoxide aijd chlorine has been aiscussed by J. ^hi^el, 

R. H. Atkinson aud do-workers, and by A. 8. I^ivToff. F. Weigert found that 
although visible light accelerates both the dHCoraposition and formatwu of carbonyl 
chloride, it is incapable of altering the pereentege com]^sition of the mixture m 
thermal eauilibrium at temp, between 450 and OlO . Hence he arwed tliat the , 
^ffeSrf iSt b catalytic. A. Cohn and H. Becker claim that this inference is not 
n^rily applifable to waves of.smaller wave-length m t*e ultra-vio^eti because 
these very refe^ble rays can decompose carbonyl chloride confined in qu^z 
tubes. G. Kornfeld studied the radUtions from the reacting system-uafe carbon 

Carbonyl chloride is prepared by the ac’tion of carbon naonoxide ou chlorinating 
agents. Thus, F. Gfibel jn^e jt by^ssing carbon mononde over red-hot silvel at 
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lead chloride^ jnd A. W. Hofmann, by passing carbon monoxide into b(vling 
antimony pentachloridc. Carbonyl chloride is also made by oxidising carbon 
tetrachloride. Thus, P. SchUtzenberger made it by passing a mixture of carbon 
tetrachloride and carbon monoxide or dioxide dvdr pumice-stone at 350°; and by 
passing carbon tetrachloride over zinc oxide at 200". H. Goldschmidt made it by 
heating carbon tetrachloride With water in a sealed tube at 250°; H. E. Armstrong, 
V. Grignard and B. Urbain, E. Paterno and A. Mazzucchelli, J. Ptud’homme, and 
P. SchUtzenberger, by the action of sulphuric anhydride at 100° on carbon tetra¬ 
chloride. According to E. Paterno and A. Mazzucchelli, the main reaction between 
fuming sulphuric acid and carbon tetrachloride is rejiresented by the equation: 
CCl4-f 2 SO 3 =rOOGl 2 -|-S)jO 50 l 2 ; but there is a side reaction with the hot fuming 
acid; C0l4-|-4SO3=2S.2O5(!l2-fCO.^. V. tlrignard and E. Urbain rtpresent the 
reaction with pyrosuliihtirio acid: CCl 4 -|-S 03 -i-H 2 S 04 .^=C 0 Cl 2 -l- 2 IIClS 08 ; and 
with ordinary sulphuric acid, and kiesqlguhr as catalyst, 2 B 2 S 04 -(- 3 CCl 4 »= 3 ( 400 l 2 
+4HCl-fS206Gl2, together with a slight secondary reaction: S 206 Cl 2 -fCCl 4 
=COCl2-t-2S02Cl2. The presence of hydrogen chloride may be objectionable. 
G. Gustavson made carbonyl chloride by the action of phosphoric anhydride at 200°- 
210° on carbon tetrachloride : P 205 -t- 2 CCl 4 -^C 02 + 2 P 0 Cl 3 -l-C 0 Cl 2 . II. Erdmann 
thus describes the preparation of carbonyl chloride by the sulphuric anhydride 
process: 



Carbon tetrachloride (100 grms.) is heated to boiling on a water- 
bath in a flask furnialied with a vortical reflux condenser; 80 per 
cent, fuming sulphuric acid {120 c.c.) is run in drop by drop down 
tlio condenser, so that each drop comes into intimate contact with 
the ascending vap. of the carbon tetrachloride. Tl\e evolved car- 
Ixinyl chloride passes, by a tube fused at right ^gles to the upper 
pfirtion of the condenser tube, through cone, sulphuric acid contained 
in a wash bottle (which is surrounded by water during the experiment), 
and tlience to a receiver surrounded by a freezing mixture. When 
all the fuming sulphuric acid has been run in, the globular flask is 
boiled over a free flame for five 
minutes. The yield of crude carbonyl 
chloride is 90 per cent, of the theo¬ 
retical. It is rectified, the boiling 
flask being heated by the hand. 
Tlie accompanying product is a 
mixture of pyrosulphuryl chloride, 
SuOjCL, and chlorosulphonic acid, 
SO.Hct. 



Fio. 


■H. Erdmann's Process for Preparing 
Phosgene. 


Carbonyl chloride is formed 
during the oxidation of chloro¬ 
form, CHCIg. Thus, M. Adrian 
found that a little carbonyl 
, chloride and hydrogen chloride is 

formed when chloroform in the presence of air is exposed to sunlight; the reaction is 
retarded if ethyl alcohol be present. N. Schoorl and L. M. van,do!i Berg have shown 
that when chloroform^s decomposed by th^ action of light in the presence of an 
excess of oxygen, carbon dioxide, water, and chlorine are formed, but that when 
insuffioieut oxygen is present, carbon ,oxychIoride and hydrogen chloride are pro¬ 
duced in mol. proportions. Q. S^asler observed the formation of carbonyl chloride 
when Ciir and chloroform vap. are passed over a layer of potassium hydroxide. 
M. Schumburg, and R. Sobart observed the formation of carbonyl chloride when 
chloroform is burnt in a? gas %me; and H. Erdn\ann, and C. D. Harries, when ozone 
acts on well-cooled chloroform; A. Emraerling and B. von Len^el, by oxidizing 
chloroform with a mixture of sulphuric acid and potassium dichromate, a reaction 
which they represented by the. equation : 2CHCl8-f K 2 Cr 207 -}- 5 H 2 S 04 = 2 C 0 CI, 
-|- 2 KHS 04 -pCr 2 (S 04 ) 3 +Cl 2 -l- 5 H 20 ; bht H. Erdmann said 4.hat free chlorine 
n x^E>t formed, and prefers 2 CHCl 54 -Cr 03 -h 02 ^fc 2 C 9 Cl 8 -f CrOjClg-f HgO. J. Dewar 
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andJG. CmMton found that carbonyl chloride k formed when e.mimoHr oro|.ort.o.u, 
of chloroform and chloroaulphonic acid are heated to 120” ‘ ^ 

J. Schiel noted that ca’rbonyj chloride is formed when amiixture chlorine and 
carbon dioxide is passed over red^iot carbon. G. Gnstavscn observed that some 
wbonyl chloride IS formed when anhydrous sodium carbonate i« heated in a sealed 
tube with phosphorous pentachloride; A. Emmerlihg and B. von Lenvvel when 
carbonyl sulphide IS treated with chlorine at a red heat, or pa,ssed over molten, 
copper chloride, or through boiling antimony peiitacliloride; and P. Heliiitzenberiter 
by the action of chlorine monoxide on carbon disulphide. H. Gautier found that’ 
chlorine gas does not act on chloral, but in diffused daylight or in direct sunlight 
a reaction Mcurs in a few hours whifh he symbolized: GG1.,.G()U-| 2('l., -t'Clj 
+COCI 2 +HCL According to W. Hcntsehcl when trichloromethyl ohloroforraate, 
CQCI.OCCI 3 , irf heated to 300° it decomposes into twice its vol. of carbonyl chloride, 
but .at *a dull* red heat it yields carbpn dioxide and carbon tetrachloride. 
H. Staudinger showed that oxalyl chloride decomposes, forming carbonyl chloride 
and carbon monoxide when distilled through a glass tiibi' heated (o SlHl’, or when 
boiled with aluminium chloride in carbon disulphide soln. A. Gahoiirs found that 
bis-trichloromethyloxalate, CClj.O.CO.GO.O.GCIj, dccomposi's at 35(1' -lOO' into 
carbonyl chloride and carbon mono.xide. L. Michalski found that, some cnrbonyl 
chloride is formed when a mixture of carbon, calcium oxidi' and chloride is heated 
in the electric furnace; CaO+GaCh 1-5(J -2CaC2 + t:OGl 2 . S. Peacock made it 
by passing air and chlorine over heated carbonaceous materials. 


Carbonyl chloride, said J. Davy, is a colourless gas with a smell" more suffocating 
than that of chlorine, and it occasions a very painful sensation in the eyes.” It 
does not fume in air. W. Wahl fonnil that carbonyl chloride crystallizes homo¬ 
geneously. On Sooling, the liquid becomes supercooled, and, as a rule, au unstable 
modification crystallizes out of the supercooled melt. If coliled rapidly, the growth 
of this modification may be entirely arrested and the remainder oft he niMt becomes 
quite viscous. If the preparation is allowed to become warm after the unstable 
modification has been formed, a transition into the stable form very soon takes 
place. When this again is partially melted, it cryst^illizes readily on cooling. Tho 
stable modification possesses a high double-rcfraation, but isotropic sections also ^ 
occur. It belongs, therefore, either to the tetragonal or hexagonal syjitem, but it 
has not been possible to determine to which of the two, as the, cleavagi' is not very 
distinct. The, optical character of the stable modification i5 positive. Tho unsfablc 
modification possesses an- extremely high double-refraction and shows parallel 
extinction.' It is probably orthorhombic. J. Davy gave for the vapout dansity 
of the gas, 3'6808; T. Thomson, 3'4249 ; and A. Bmmcriing and B. von Deqgyelt 
3'505 at 0° and 760 mm. A. F. 0. Gormann and V. Jersey gave I'^oH to%'6263, 

A. Emmcrling and B.' von Dengyel found the gas readily condenses to*a colourless 
liquid of spkiiflc gravity 1'432 at O”/!”, or 1-392 at 18-674°; W. H.'Ptrkin gave 
1-4204 at 074 °, and 1-4115 at 4°/4° ; and H. Beckmann and F. Junker, 142 at 
8 2°— vide infra. E. Paterno and A. Mazzucchelli made observations of the sp. gr. 
between —15-4° afid 59-9° ; and they represented th^ sp. gr., »S, at 9°, by 
iS'=l-4264—0 002326^. R. II. Atkinson and co-workers gave for the mean coeff. of 
cubicid expansion'of the liquid between -79° and +49-9°, 0 00177. A. F. 0. Gcr- 
mann and V. Jersey found tho vapour pressure at 0°=552 mm. N. 1. Nikitin 
found the vap. press, of carbonyl chloridfc to be jj89-2 ram. at 12 6° ; 640-4 mm. at 
—0-41°; 232-2 mm. at —19-43° ; and at -94-2°, a few tenths of a mm. R.H. Atkin-, 
son, C. T. Hoyoock, and W. J. Pope found for tho vap. press, p mm., and density D : 

• -110’ -80” • -00” -20” .0" * J-20” I 10” -fOO” 

p . . . — 4 47-8 226 668 1212 — 388360 

D . .. 1-688 1-617 1-649 1-481 1-4.36 '1-388 1-338 1-314 


E. Paterno and ,A. Mazzucchelli represented tfiiein measurements -between -—23° 
and 26°, by log p=7-6995—1326^7'*, where p represents the press, in mm. of 
mercury, and T denotes the ^bsoluje temp! N. I, Nikitin also raeasui;^ the 
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V8p. press, bltw^en —99° and 12'6°. The central constants were (fiscussed by 
S. F. nckerin^ L. Hackspill and M. Hatbien gave 183°±0'5° for the critic^ 
temperatjiTe, and E. Palerno and A. Mazzucchelli, 187° ; “the last-named found for 
the critical deiunty, 0 5135 ; and the critical ‘pressure, 51‘5- atm. • The lav of 
rectilinear diamet«s applies to this compound, and the equation of the line below 
111°, is l-4277-0 00214d, and above 111°, l-43^-0 0022d. H. Erdmann gave 
*—118° for the melting point ; R. H. Atkinson and co-workers gave —104°; S. von 
Wroblewsky and K. Olszewsky, — 163’5°< and R. H. AtJrinson and co-workers gave 
—126° to —128° ; A. Emmorling and B. von Lengyel, 8 2° at 756‘4 mm. for the 
boiling point ; E. Beckmann and F. Junker, 8’2° at 756 mm.; and B. Patemo 
and A. Mazzucchelli, 8 02° at 760 mm. M. Beithelot gave for the heat Qt formation 
from amorphous carbon, (C, 0, Cl2)=441 Cals., at constant press. J. Thomsongave 
55’14 Cals.; and for the heat of formation, (CO, CU), M. Berthelot gave 1^'8 Cab.; 
J. Thomson, 2614 Cab.; and M. Bodenstein and G. Dunant, 23 0 Cals. E. Beck¬ 
mann and F. Junker gave 29° for the mol. rbe of the b.p. F. Weigcrt examined the 
absorption spectrum. A. Emmcrling and B. von Lengyel gave 3'936 for the index 
of retraction ; and W. H. Perkin, 1'0295 for the spe^C magnetic rotation, and 
4'003 for the molecular magnetic rotation at 2-8°. V. Henri studied the 
absorption spectrum of the vapour. 

R. H. Atkinson, C. T. Heycock, and W. J. Pope gave the following data for the 
solubility of carbonyl chloride expressed in grams per 100 grms. of solvent: toluene, 
at 17’0°, 23’6°, 30'5°, and 31 5°: 244'7,124'2, 79'38, and 74 48 respectively; cobZ- 
tar xylene, at 12-3°, 16-4°, 16'9°, 23'8°, and 29-8°: 457-3, 225-6, 217-9, 103-4, and 
71-24 respectively; creosob oil, at 16-2°; 77-42; petroleum boiling at 1S0°-2S0°, 
at li!-3°, 15-8°, 16-7°,.22-4°, 23-7°, 29-9°, and 30°; 263 8 , 1631, 143-4, 79-5, 71-2, 
49-2, and 48-6 respectively; heavy lubricating oil, at 15-6°, 23-6°, ind 31-0°: 79-7, 
39-3, and 24-6 respectively; nitrobenzene, 106-4 at 16-8°; a-chloronaphthalene, 
104-5 at lf-0°; chlorobenzene, at 12 3°, 16 6 °, 16-7°, 24 2°, and 29-7°: 422 1, 204 3, ' 
221-6, 99-9, and 81-9 respectively; acetylene tetrachloride, at 168°, 261°, and 
29-9°; 149-7, 89-4, and 74-9 respectively. Toluene, coal-tar, xylene, and chloro¬ 
benzene are by far the best solvents of those examined, and in view of their 
elevated b.p. would appear to offer moat advantages as scrubbing agents for effluent 
gases cdhtaining carbonyl chloride. Ordinary burning petroleum boiling at 180° 
to 280° is the next best solvent, but heavy mineral lubricating oil and acetylene 
tetrachloride are not quite so good. N. W. Taylor and J. H. Hildebrand made some 
observations on this subject. C. Baskerville and P. W. Cohen gave the results 
indicated in Table XIX. M. Berthelot found carbonyl chloride to be very sparingly 
4bluhle^ in cold water; and readily soluble in benzene, toluene, and other hydro¬ 
carbons, as welj as in glacial acetic acid. 

, f 

Tablk XIX.—Sor.vKNTs for Carbonvl Chloride. 


Solvent. 

» 

Wt. of aulvent 
grma. 

Wt. COCl, 
aSaorbed grma. 

,Wt. ratio of 
COCIj: ftivent. 

BeacUoo. 

Cubon tetrftohloride 

• 79-6 

22 

1:36 

None 

Clkbroform .... 

49-4 » 

29 

1:1-7 

Change 

Gasoline .... 

37-0 

30 

1:1-2 

Change 

ParafiSu oil . 

•34-6 

0 

0 

None 

rRxusiui tnineral oil . ^. 

30-1 

10-8 

1:2-8 

None 

Benzene .... 

• 43-9 

43-6 

1:1 

None 

Toluam . . 

, 60-3 

S3-S 

1:1-6 , 

Change 

QUhoial acetio acid 

31-4 

19-6 

1:1-6 

Change 

Bthyl acetate . * . 

20-5 

20-2 

1.-1 

Ncme 

ChlorocDsane 

' jk 

25-2 

a 

1:3-2 

None 


• Jl^vy said that carbonyl ohidride. is not decomposed- by hydrogen ; ,nmtber. 
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hydrogen nor oxygen singly produces any effect when the mixture is^sparked, but 
when a mixture of 2 vols. of hydrogen, one of oxygen, and twp of carbonyl chloride is 
sparked, hydrogen chloride and oa^on dioxide are formed. B. Humiston found 
^ that flnprine furnishes some carbonyl ffuoride when it reacts with phosgene. Car¬ 
bonyl chloride dissolves ozone, forming a blue liquid. E. Paterno aRd A. MazzucchcHi 
found that below 0°, carbonyl chloride dissolves large proportions of chlorine, 
forming at —15^, a goldenjyellow liquid with 28'3 per cent, of free chlorine. 
A. F. 0. Germann and V. Jersey measurcd'the m.p. curve of soln. of chlorine and 
carbonyl chloride, and found a eutectic with 25 molar |)er cent, of clilorine, and 
angular ]^nts with 6,11, 50, 63, 75, and 91 molar per cenl. of chlorine. These are 
taken to indicate the existence of a series of chlorocarbonyl chlorides '-COCIj: Cl^ 
as 16 :1, B: 1,1:1,3; 5,1: 3, and 1:10—which dissociate at the m.p. The second 
corresponds with ootohydrated chlorine. J. A. Besson found that hydrogen iodide 
readity dissolves in liquid carbonyl chloride, but even when cooled with ice and 
salt, there is a violent reaction with the liberation of iodine. M. Delepine and 
L. Ville found that carbonyl chloride slowly liberates iodine from an aq. soln. of 
pota ggium iodide. J. Davy found that carbonyl chloride reddens litmus; and 
J. Davy, and M. Berthelot found that it is slowly decomposed by cold water and 
rapidly by hot water : C 0 Cl 2 -|- 2 H 20 =- 2 HCH H 2003 ; and the earbonie acid then 
decomposes into carbon dioxide and water. Hence carbonyl chloride, ('OCL, can 
be regarded as a chloride of carbonic acid, C0(0H)2. M. Berthelot. considered that 
carbonyl chloride dissolves unaltered to the extent of 2 to 3 vols. in water, and that 
it reacts with the water only slowly; but V. Griguard and E. Urbain, and K. Paterno 
and A. Mazzucchelli found that the chlori<le cannot exist for an a])preciable time in 
contact with watfr without forming carbonic and hydrochloric acids. In the ease 
of gaseous carhonyl chloride, carbon dioxide forms an inert peiiarating layer at the 
surface of the liquid; and in the case of li(piid carbonyl chloride, thq water in 
immediate contact with the carbonyl chloride is sat. with hydrochloric acid and 
this retards the reactiqn. The action is therefore immediately dependent on 
diffusion. Acids retard the reaction between carbonyl chloride and water. Attempts 
were made to measure the speed of the reaction. -W. D. Bancroft has discus^ 
the reaction COClj-fHjO—COj |-2HC1 which is irfeversible, and with an excess 
of water goes to completion, but in hydrochloric acid, the rate of hytlnflysis is 
negligibly small. With alcohol, carbonyl chloride yields,ethyl chlorocarbonote, 
COClfOOjHj), and ethyl carbonate, (!0(0C.,H5)2. 

E. Beckpiann and F. Junker found that at a low temp, liquid carbonyl chloride 
acts as a solvent. It dissolves iodine; iodine trichloride; arsenic trichloride; 
antimony tri-and pentachlorides; suljihur chlori<le ; and many organic substances; 
but if does not dissolve red phosphorus ; arsenic ; arsemous oxide, boric oxide; 
antimony; bismuth; stannous chloride; sulphur; selenium and itg*chlorides; 
potassium; sodium; calcium ; the thiocyanates ; sulphides, and sulphates of 
• the alkalies; zinc chloride; ferric chloride and sulphate; chromic chloride, mer¬ 
curic chloride and iodide ; cuprous and cupric chloride; lead chloride and chromate; 
or silver chloride. • 

H. V. Regnault found that the aq. soln. with cone, hydrochloric ftcid gives carbon 
dioxide. According to B. Baud, aluminium chloride dissolves in liquid carbonyl 
chloride, and on evaporation of the soln, it the ordinary temp., there remains a 
Colourless liquid which solidifies at —2® and has the composition 2 AIOI 2 . 5 COCI 2 . _ Its 
dissociation tension is equal to 760 mm. at 30°. By removal of carbonyl chloride, 
the compound 2 AJCI 8 . 3 COCI 2 is formed; this has a dissociation tension of 760 mm. 
at 66°. On further removal of carbonyl chloride, the compound 4AlOI|,COCl2 is 
obtained in the form of silky needles which do not decompose to an appreciable 
extent below 750°. The last two compounds arc formed when aluminium chloride 
is distilled in a curient/>f dry carbonyl cnlcaide, and also when the vap; of aluuufiium 
chloride is led by means of a cunent of carbopic oxide through a red-hot tube. 
°These two compounds afe prelenb in commercial aluminium chloride. J . A. Bessdn 
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found that wWa soln. of aluminium bromide in carbonyl chloride is exposed to 
light, or heated at 100°-150°, bromine and carbon, monoxide are liberated. 

A. von Bartal found that ahuninium chlorobremide is a product of the action of 
carbonyl chloride and molten aluminium bromicfe at 100°: AlBrs+COCl 2 =CO+Rrj, 
4 'AlCl 2 Br, while tHe action of an excess of liquid carbonyl chloride furnishes carbonyl 
chlorobromide, COClBr. He also obtained a complex product of the composition, 
AljU^OjCljI, by the action of carbonyl chloride on, molten alu m i n iu m iodide, 

J. A. Besson, and A. von Bartal studied'the action of DOrou bromide. The former 
said that if boron bromide is heated in sealed tubes at 150° for about 10 hrs. with 
half its weight of carboqyl chloride, almost the whole of the carbonyl chloride is 
decomposed,'and the liquid remains colourless provided the temp, has not materially 
exceeded 160°. The product yields two fractions, 30°-40° and 60°f70°,,the latter 
or both containing a liquid which is only slowly attacked by water. ,If theM 
fractions are added slowly to a soln. of'sodium thiosulphate cooled to 0°, and the 
oily liquids that separate are again distilled, they yield re.spectively carbonyl 
chlorobromide and carbonyl bromide. 

J. Davy sublimed sulphur in carbonyl chloride without change. J. A. Besson 
found that under press, and at 200°, hydrogen sulphide furnishes carbonyl sulphide: 
COCl 2 +H 2 S=COS+ 2 HCli Some sulphur and carbon dioxides are also formed, 
and hydrogen selenide at 200° gives selenium, hydrogen chloride, and carbon 
monoxide ; and at 2.30°, the selenium acts on the excess of carbonyl chloride pro¬ 
ducing selenium chloride. J. Nuriesan found that carbonyl chloride reacts with 
cadmium sulphide at ordinary temp., nr better at 260°-280°, forming carbonyl 
sulphide. H. V. Regnault found that the aq. soln, with cone, sulphuric add gives 
carbon dioxide. E. Raterno and A. Mazzucchelli found the reactivity of aq. soln. 
of sulphuric acid witl^ carbonyl chloride decreases continuously with increasing 
cone, of t|ic acid, and with fall of temp. According to E. Chauvenet, carbonyl 
chloride attackstmetallic sulphides between 300° and 4.60° in accordance with the 
equation MS-f COda—MCl^+OOS. The ease with which sulphides are thus con¬ 
verted into anhydrous chlorides furnishes a useful method for the treatment of 
minerals in analysis. The process is also suitable for preparing carbonyl 
sulphide. 

J. Davy noted that carbonyl chloride unites with ammonia, “ forming a salt 
perfectly neutral and tlry, hut deliquescent by attracting moisture from the air. 
It is remarkable that in the formation of this ammoniacal salt, the gas combines 
with as much as four times its bulk of ammoniacal gas.” The product of the action 
is carbamide or urea : COC1.24-4NH3=CO(NH2)2-l-2NH4Cl. There are numerous 
‘products of side reactions studied by A. Hantzsch and B. C. Stuer, S. Natanson, 
H. V. Regnault, and G. Bouchardt. According to L. Gattermann and G. Schmidt, 
when dry barbonyl chloride is passed into ammonium chloride heated to ^°, 
ohloroformamide distils over. A. Hantzsch and B. C. Stuer showed that if the liquid 
obtained by the action of aq. hydroxylamine on carbonyl chloride, be treated with . 
nitrous acid, carbon dioxide, nitrous oxide, and water are produced; but if the opera¬ 
tion be conducted in methyl alcohol, there is evidence of the formation of hyponitrous 
acid. H. V. Regnault found that the aq. soln. with cone, nitric acid gives carbon 
dioxide. J. Davy said phospboriis can be sublimed unchanged in carbonyl chloride. 
J. A. Bhsson found that carbonyl chloride has virtually no action on phosphine; 
in the cold, there is a slow reaclion with phosphonium bromide, but a rapid one 
" at 60°,*and in sealed tubes the, action is complete in a few hours. The products 
are hydrogen chloride, hydrogen bromide, hydrogen phosphide, carbon mon¬ 
oxide, and solid yellow hydrogen phosphide; phoephouium iodifib reacts slowly 
with the chloride at 0°, and in sealed tubes between 0° and 10°, the action proceeds 
somewhat rapidly with production of hydyogen chloride, carbon monoxide, phos¬ 
phorous iodide, PjL, and red phosphorus, which retains about 10 pet cent, of 
lodipe, seemingly in the form of, a subiodide, H. M. Bunbuty measured the 
adsorption of carbonyl chloride by birohwood, cHhrooal and observed at the- 
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carbonyl chluridc adsorbed by;2 »22 grms. ol 


>„ WVylj , . . 1'385 0'986 0-962 0-716 0-428 ' 0-946* 0-693 0-420, 

The resulte can be represented by the usual formula a:/»i=--0-255B"'“' at 18°, and 
■ e/fll-O-OSSpC *88 at 100°. Tly. rate of adsorption-at 14° in the presence of 0 7434 gtm. 
of carbonyl chloride is; • 


Time 

Press. 


6 8 , 10 12 18 min. 

160 115 100 , 94 91 „ 


J. Davy found that when zinc, tin, arsenic, antiinony, or potassium is heated in 
oarbony^ chloride, the chloride of the metal and carbon monoxide are formed. 
The decomposition is effected in a few minutes, without explosion or ignition; in 
the case of potassium, some carbon monoxide is decomposed and carbon deposited. 
0. Richardson measured the ionization which occurs during the action of carbonyl 
chloride on potassium-sodium alloys. R. H. Atkinson and co-workers suggest that 
the action on mercury may be symbolized: 2 Hg+C 0 Cl 2 =C 04 2Hg(JI. Mi Deldpino 
and L. Ville showed that if a little free chlorine is present, carbonyl chloride slowly 
attacks iron, and this is the source of the yellow colour of the commercial lirjuid. The 
liquid, free from chlorine, dissolves iron-rust. When zincoxide is similarly treated, zinc 
chloride and carbon dioxide are formed. According to E. (Ihauvcnet, when the oxides 
of the metals are heated in a slow current of carbonyl chloride at a temp, varying from 
about 350° in the case of vanadium oxide, to 650° in the case of thoria, the chlorides 
are formed. Chlorides of the following elements have been prepared in this r^y: 
vanadium, tungJten, tantalum, titanium, zirconium, thorium, tin, barium, mag¬ 
nesium, zinc, beryllium, aluminium, iron, chromium, man^ncse, nickel, uranium, 
cerium, yttrium, and lanthanum. An excellent yield of the anhydrops higlfcr chloride 
was obtained in each instance, except with tungstic oxide, when the oxychloride 
was formed, and in the case of titanium, when a mixture of chloride and oxychloride 
was produced. The method is specially suitable for, preparing the chlorides of the 
rare-earth metals. Silica is not attacked by carbonyl chloride. The reactions 
were also studied by E. P. Venable and D. H. .Tackson. It was usejl by C, Baskorville 
for decomposing zircon, and thorianite, and in jireparing olilorides from alumina, 
ceria, zirconia, and thoria. C. Baskerville mentioned that heated silica bricks 
were bleached in contact with heated phosgene owing to the removal of iron ; and 
sand could’be likewise freed from ferruginous pigments. E. W. Washburn and 
E. B. Libman recommenderf the reaction for removing iron from zirconia. , • 

J r Barlot and E. C'hauvenet also showed that carbonyl chloride will ajtack numerous 
natural phojphateg, such as vivianite, pyromorphitc, uranite, and monazitc, and 
natural silicates, such as thorite, gadolinite, cerite, and zircon, yielding irt each case 
the anhydrous metallic chloride. The phosphates are attacked at tornp. between 
300° and 500°, whilst thj silicates require temp, above 1(0)°, emerald not being 
decomposed at 14O0°. This reaction forms a ready method of analysis of such 
minerals, and aiso.of .preparing anhydrous metallic chlorides from these minerals. 
W. Gintl found that' carbonyl chloride reacts* with silver cyanide, forming 
silver chloride, and cyanogen chloride. ^Numerous reactions between carbonyl 
chloride and organic compounds have been>studied; -and this reagent is 
employed in the manufacture of organic dye-stu&, ^d some pharmaoeutical, 
products. D. lo Monaco studied the adsorption 'by straw, hay, grass, leaves, 
sawdust, cottoi, charcoal, etc.* B. Paterno and.A. Mazzucchclli found that 
carbonyl chloride is absorbed with avidity by heavy iubripating oils, and expelled 
rapidly and almost completely by a current of air. Its physiological action has 
b«»n described bj R. Robert, and by R.tMiillei*. . 

J. Schiel8 found that some oar^ow l^mide, C0Br2, is probably formed when- 
a mixture of the vap. of«bcamine |nd caybou monoxide ij exposed to sunlight.^'The 
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rate of comb&atioa of the gaeee was found by A. Hvs to depend on the proportion 
of moisture present, and when special care is taken to dcy the bromine oarboa 
monoxide, the velocity of the change is extremely low. Were complete absence of 
nvnstnre attainable, it appears probable, but is’not certain, that no inaction would 
oocur. The reactfon yields carbon dioxide and hydrogen bromide as final products, 
and takes place in two stages, CO+Br 2 =COBrj and COBr 2 -fH 20 =COj-|- 2 HBr. 
In the first stage, equilibrium is reached with a small cone, of the carbonyl bromide 
which must be removed as it is formed in order that'the reaction may continue. 
K. F. BonhSffer studied the photosensitiveness of the reaction C0Brj=C0H-Br2. ■ 
A. von Bartal obtained a small quantity of carbonyl bromide by the action of bromine 
on carbon monoxide in t&e presence of aluminium bromide, or by the action of the 
silent discharge. A. Brochet possibly obtained it by the action of bromine on tri- 
oxymethjflene, CH 2 : {O.CH 2 ) 2 :0. A. J. Besson found that impure /iafbdhyl 
bromide is produced by heating at 160° a-mixture of boron tribromide or phosphorous 
tribromide and carbonyl chloride for 10 hrs .—vide supra. A. Emmetling, and 
A. von Bartal prepared it by oxidising bromoform with potassium chromate and 
cone, sulphuric acid in a flask with a reflux condenser. The liquid bromide was 
rectified by slow distillation over antimony. The latter considers that the best 
method of preparation is to allow sulphuric acid of sp. gr. 1’84 to drop slowly into 
carbon tetrabromide at 160°-170°. The red distillate is then shaken with mercury, 
distilled, shaken with powdered antimony, and again distilled. The yield is 
60-60 per cent. 

At ordinary temp., according to A. von Bartal, carbonyl bromide is a heavy, 
mobile, colourless liquid, which fumes in air, and smells like carbonyl chloride. 
A. J. Besson gave 6-60 for the vap. density; and 2 48 for the sp, gr. of the liquid 
at 0°; A. von Bartal gave 2 46 for the sp. gr. at 16°. A. EmmerUng gave the b.p, 
between 12° and 30°; A. J. Besson, 63°-6§°; and A. von Bartal, 64°-66° with 
sUght decomposition. The last-named also said that the compound is decomposed 
by light or heat. It is decomposed by water, but rather more slowly than is the 
case with carbonyl chloride. It is very sensitive towards oxidizing agents. The 
vap. attacks caoutchouc very .quickly. It also reacts readily with many organic 
compounds, and has been used in the preparation of dye-stuffs. 

As ihdicated above, A. J. Besson made carbonyl cUorobcomide, COBrCI, by the 
action of boron bromide pn carbonyl chloride; and A, von Bartal made it by heating 
equal weights of carbonyl chloride and aluminium bromide in a scaled tube at 
140°-146°. The colourless or slightly yellowish liquid has a smell like that of 
carbonyl chloride. A. J. Besson gave 4’86 for the vap. density ; and 1’98 for the 
kp. gr.,at 0°. A; von Bartal gave 1‘82 for the sp. gr. at 16°, and 25° for the b.p., 
whereas A. J.,Besson gave 36°-37° for the b.p. According to A. von Bartai, the 
chlorobromSjJe attracts moisture from the air, and the liquid thereby becomes 
turbid; if is coloured yellow by exposure to sunhght. Carbonyl iodide, COI 2 , has 
not been prepared. As previously indicated, H. Moissan found that fluorine does 
not react in the cold with carbon monoxide; and S. E. Cowardins showed that 
iodine and carbon monqxide do not react when heated or when exposed to sunlight; 
nor 4oeB carbon monoxide react with lead iodide or arsenic pentaiodide. When 
carbonyl chloride is gradually added to cooled arsenic tfifluoride, W. Steinkopf 
and J. Herald found that carbonyl fifioride, COF 2 , was formed. It solidified in 
liquid air, and boiled at —160° to e-lfiO". B. Humiston also prepared some carbonyl 
.fluoride'by the action of ^orine on carbonyl chloride. 


limaKNoxa. 
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§ 29. Carbonyl Sulphide 

lu 1841, J. F. ^uerbe ^ etudied the {>cpductB*obtAined when the xanthatee axe 
hubjeoted to dry cUstillation, and hj reported that a gas which he celled mnthin, 
COSH; waa given oS. As. Fleiacher and.W.&nlce foun^ that the alkali xantbkefe 
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furnish the beicaptan, the two ethyl sulphides, carbon disulphide, and carbonyl 
sulphide, when the anhydrous salts are used; and mercaptan, the two ethyl sul¬ 
phides, .carbon disulphide, carbon dioxide, and hydrogen Wphide when th 6 hydrated 
salts are employed. They therefore suggest'that the xanthin gas obtained by 
i P. Couerbe was really carbonyl sulphide contaminated with hydrogen sulphide - 
and mercaptan vapour. J. P. Couerbe did not isolate the pure gas. Up to the time 
of C. Than’s discovery, 1867, carbonyl sulphide was regarded as a mixture of carbon 
dioxide and hydrogen sulphide. In that year, C. Thai showed that when a mixture 
of sulphur vap. and carbon monoxide is passed through a moderately heated tube, 
a compound is formed corresponding with carbon oxysulphide, or carbonyl sulphide, 
COS. C. Than showed' that carbonyl sijlphide probably occurs in some hepatic 
waters; and A. W. Hofmann, ,H. Kolbe, and F. Salomon showed that this compound 
is also present in volcanic gases, and in the sulphuretted waters of v'olcamc districts. 

It is possibly formed by the reaction 8 C 02 -t- 9 H 2 S= 3 C 0 S-|- 5 C 0 -f H 2 -|- 8 H 20 d- 6 S, 
a reaction which can be imitated by passing a mixture of carbon dioxide and hydro¬ 
gen sulphide through a red-hot tube. Carbonyl sulphide also occurs in the products 
of the decomposition of some organic substances. 

G. Chevrier said that when a mixture of sulphur vapour and carbon 
monoxide is sparked, carbonyl sulphide is formed, but F. Gonzalez and E. Moles 
obtained none at 110°-260° under atm. press, or under reduced press. They explain 
that the statement is based on the result obtained when moisture is present. C. Than, 

P. Klason, C. Bender, and L. Ilosvay de N. Ilosva, made carbonyl sulphide by the 
action of potassium thiocyanate on dil. sulphuric acid. The thiocyanate is first 
resolved into thiocyanic acid, and the acid is then hydrolyzed to carbonyl sul- 
phjde and ammonia: HCNS-l-H 20 =C 0 S-f NH 3 ; the ammonia then unites with 
the excess of acid present; KCNS-t-H 20 -j- 2 H. 2 S 04 =C 0 S-fKHG 04 -|-(NH 4 )HS 04 . 

P. Klason recommended the following procedure : 

Fifty <!.c. of a Vonc. aq. soln. of potassium or ammonium ihiooyauato am added to a cold 
mixture of 290 c.c. or 620 (p-ms. of cone, sulphuric acid, and 400 c.c. of water. The gas 
contaminated with about 2*6 per cent, of carbon dioxide and 0'05 per cent, of carbon 
disulphide is given off at 26". A. W. Hofmann recommended passing the gas through an 
ethereal soln. of trietliylphosphme to free it from carhon bisulphide. 1’. Klason found that 
the absorption of this latter is much more rapid and complete if a small quantity of pure 
triethylphoephine .is used instead of a soln.. the gas being then passed through pure 
sulphuric acid to free it from traces of the phosphine. Carbon oxysulphide is only 
absorbed very slowly by' a .33 per cent. aq. soln. of potash. If the gas obtained as above 
is passed slowly through about 20 cma. of such a soln., the whole of the carbonic anhydride 
is absorbed with a loss of only about 7 per cent, of the oxysulphide. ^ 

cCprboiiyl aulphide was made by F. G. Reichel by passing carbon monoxide over 
heated magnesium sulphate; A. Cossa, G. Chevrier, and M. Berthelot, by the action of 
carbon diofido on boiling sulphur: 2C02-f38=2008-1-802; A. Gautiej, by passing a 
mixture of hydrogen sulphide and carbon dioxide through a red-hot tube; A. J. Besson, 
by heating carbonyl chloride and hydrogen sulphide at 200° under press.; J. Nuriesan, 
and F. Weigert, by passing carbonyl chloride over cadmium sulphate at ordinary 
temp, or better, at 2fi.0°-280°; and A. Gautier, by passing Hydrogen sulphide and 
carbon monoxide over china clay contained in a porcelain tube .at a bright red heat. 
The issuing gas contains 60-64 per cent, of carbonyl sulfihido, 35-39 per cent, of 
carbon'monoxide, about one per cent. 6 f carbon dioxide, traces of hydrogen sulphide, 
and the excess of carbon disulphide. The proportion of carbon monoxide is lower, 
and the proportion of cgrbonyl sulphide higher, the higher the temp. The products 
are passed into a flask half filled with ice-cold water, which condenses the greater 
part of the disulphide then-through potassium hydroxide, whichabsorbs hydtogen 
sulphide and carbon dioxide; then through acidified cuprous chloride, which absorbs 
carbon monoxide, and finally through a 12 -per-cent. soln. of hniline in alcohol, 
and over pumice and snlphoric ftcid. ARoholic aniline has no, action on carbonyl 
sulphide, biit readily absorbs carbon disulplyde. The tube contains crystals'of 
Idhopn sulphide, etc. Alvodua can b« ui^d in .place of china clay, but it becomes 
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finely divided and difficult to manage; zinc oxide also furnishes carbonyl sulphide 
but copper, iron, and lead oxides do not. C. Bottinger used a fixture of ultra¬ 
marine and carbon in placd of china clay. . • 

P. G Reicbel made carbonyl s.4phide by passing a mixture of carbon-dioxide 
and dwulphide over heated magnesia. J. Dewar and G. Cranston found carbonyl 
• sulphide IS formed by heating carbon disulphide and chlorosniphomc acid in a scalA 
tube at IM ; H. E. Armstrong, by heating sulphur trioxidc and carbon disulphide 
m a sealed tube at 10 (£: 3 SOi|rt-CS 2 =COS+ 4 SO^; or chromic anhydride and carbon 
disulpMde at 180 ; T. C&rnelley, by passing a mixture of alcohol vap. and carbon 
disulphide over red-hot copper when ethylene and acetylene are formed along with 
the carbonyl sulphide; C. Winkler, by passing a mixture of carbon dioxide and 
disulphide over red-hot platinized asbekbs ; A. badenburg, by heating in a .scaled 
tube, carbon dmulpliide and carbamide at 110°, or With oxamide at 2(X)°, or with 
apetapiide at 210°; A. R. Hantzsch, by heating a mixture of tricthylp'hosphine 
and carbon disulphide, ( 02115 ) 3 ?.€ 83 , with acetic, propionic, or butyric acid; 
A. Ladenburg, by heating thioacetic acid to .300°, and by passing carbon disulphide 
over ethyl isocyanate; A. W. Hofmann, by shaking aliyl thiocyanate with cone, 
sulphuric acid ; and F. Salomon, by treating Bender's salt, (.bHsO.t'O.SK, 
with hydrochloric acid, SK.C'O.Otyij+HCl ^('OS fKOl) CzHjOH.' 1 .. Ilosvay 
de N. Ilosva used potassium ethyl thiocarbonatc and sulphuric acid. N. I). Costcaiiu 
found carbonyl sulphide is formed when dry carbon dioxide acta on the alkali 
sulphides at 220°. According to A. Stock and E. Kuss, carbonyl siiljihide in a 
highly purified condition can be most conveniently niaile by the decomposition of 
ammonium thiocarbonatc, NH 4 .CO.SNH 2 , by means of an acid: NH 4 .CO.SNH 2 
-|- 2 HC 1 =C 0 S-|- 2 NH 4 C 1 . There is a simultaneous hydrolysis of a little carbonyl 
sulphide into cazbon dioxide and hydrogen suliihidc: COS f H 20 r=iC 02 -|-If 2 S, 
but these impurities can be removed by alkali which docs,not appreciably affect 
the carbonyl sulphide. The gas is free from carbon disulphide which contaminates 
the gas prepared from a thiocyanate and acid. 


A short-nocked, 750 e.c. flask with 600 e.c. of a 10 per cent. soln. of hydrochloric 
acid is fitted with a wide tube A, Fig. 41, 12 mm. bore, connected by a rublwr connector 
with a small flask B containing 20 grms. of ammonium tfliocarbonafe. 

A stream of dry hydrogen is led through the apparatus by tlie inlet 
tube V, and exit tube D. The tube It is connected with an ordinary 
wash bottle with 50 c.c. and two 10 bulb tulms with 40 e.c. of a 35 per 
cent. solu. of soda-lye. If the lye is more dilute, more gas is Uccoinposed. 

Following on in the train after; the soda-lye is a calcium chloride tube, 
a U-tube pocked with gloss wool and phosphorus penfoxide, and finally 
a U-tube dipping m liquid air for condensing the carbonyl sulphide. 

The flask B is turned so that the salt enters the apparatus at the rate 
of alxvrt a gram per minute, and the gas comes off rapidly, uniformly, 
and without any partieular rise of tem|)erature, Tlie stream of 
hydrogen prevents any marked decomposition of the moist gas by the Fio. —Prepara- 

soda-lye, and also keeps the tube A clear. The liquid cnrlamyl sulphide tion of Carbonyl 
is then fractionally distillod in vacuo. The first fraction at -55“ con- Sulphide, 
tains so small a quantity of carbon dioxide that if all were distributed 
in the resulting gas, dhe iihpurity would be only 0‘03 per cent, by volume. Hydrogen 
sulphide was not present. Ali the subsequent fractions have th» tension of pure carbonyl 
sulphide. Tlie yield js 6fi’5 per cent, of the iheoretical. 

L. Ilosvay de N. Ilosva emphasized thqjt the physical and chemical pjopertiea 
of carbonyl sulphide come midway between those of carbon dioxide and carbon 
disulphide. P. Elason said that the purified ga^ is colourless and has nq smell. 
W. Wahl found that carbonyl sulphide crystallizes in extftmely fine needles, which ' 
grow, with gregf rapidity. The double-refraction of theae needles is Very high, 
and they always extinguish the polarized light when parallel to the princiiMtl sections 
of the nicols. The needles are thus either tetragonal, hexaigonal, or orthorhombic, 
but it has not been possible to find siy experimental evidence from whicii,con¬ 
clusions might b^ drawn as to which of'these crysUl systems carbonyl sulphide, 
belongs. No polymorpfiic chang# has Imn. observed above —200°. C. Thqn 
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said that tha vap. density is 2'1046 (air unity). L. Hosvay de N. Iloura found the 
mean ooeff. of eSpansion of the gas between 0° and 100° to be 0'0037317 at constant 
vol., and 0'0(I37908 at.oonstant press. The gas condenses to a colourless, mobile, 
highly refractive liquid, which, according to A.jStock and K. Kuss, has a sp. gr. of 
1’24 at —87°. C. J. Smith found the viscosity of the vap. in C.G.'S. unite to be 
0‘0001135 at 0°, ft 000120O at 15°, and 0'0001654 at 100°; the viscosity constant 
in W. Sutherland’s formula, 330; and the mean collision area of the mob. of the 
vap. is 1'06 X10“*^ sq. cm.; A. 0. Bankine estimates {his to be 106 X10“*® sq. cm. 
with a possible error of 2 to 3 per cent. The press., p atm., necessary to liquefy the 
gas at different temp, is: 

. 0” S-y 10-7' 120" 170“ 3S-8” 41-2" «30' OO-n" 7431“ 86-3“ 

p . . 12-6 16 0 17'6 19 0 21'i! 44 0 46 0 O^ O 86 0 . 7f'0 80 0 

A. Stock and E. Kuss represent the vap. press, of the liquid : , ^ ’ 

-133“ —111’ -OS'S" -80’ -I.’.’ -54’ —50-2’ 

Vap. press. . . 1 12 37 100 210 635 760 mm. 

According to W. Hempol, the critical temp, is 105°, and the critical press., 60 atm.; 
the b.p. of the liquid is —47 5° at atm. press.; A. Stock and E. Kuss say —50'2° 
at 760 mm. Carbon dioxide boils at —78°, and carbon disulphide at 46°. According 
to L. Ilosvay de N. Ilosva, the liquid solidifies when poured from one vessel to 
another; A. Stock and E. Kuss gave —138'2° for the m.p. Carbon dioxide melts 
at —66'4°; carbon disulphide at —1121°. The higher m.p. of carbon dioxide 
b thought to be an effect of polymerization. M. Berthelot found the heat of 
combustion to be 131'01 Cab. at constant press., and the heat of formation from 
amorphous carbon and rhonibio sulphur; (C,S,0)=19'6 Cab.; J. Thomsen’s value 
b about twice as great; (C,S,0)=37’32 Cals., {CO,S)=8'03 Cab. V and G. N. Lewis 
and W. N. Lacey found for the free energy of formation of (Siiq„iii,CO)= - 6070 cals, 
at 302°. V. Henri studied the absorption spectrum of the vapour. 

W. Hempel found that 100 c.c. of water at 13’6° dissolve 80 c.c. of carbonyl 
sulphide; A. Stock and E. Kuss, that 54 c.c. are dissolved at 20°; and L. W. Winkler, 
found the absorption coeft., jS, and the weight, w, of gas dissolved by 100 grms. 
of solvent at 760 mm. press, to be: 


• 

• 0’ 

6° 

10’ 

16® 

20’ 

25® 

80® 


. 1-333. 

1-066 

0-836 

0-677 

0-661 

0-468 

0-403 


. 0-366 

0-281 

0-221 

0-179 

0-147 

0-122 

0-104 


A. W. Hofmann said that 100 vob. of triethylphosphine dissolve about JOO vob. of 
,the gas, and, unlike carbon dbulphide, does not form a compound. W. Hempel found 
lOOo.c. of a hydrochloric acid soln. of cuprous chloride dissolved 20 c.c. of carbonyl 
sulphide at 1^5°; 100 c.c. of an alcoholic soln. (2 c.c. water and 2 c.c. alcohol) of 
potassium \ydroxide (1 grm.) dissolve 7200 c.c. of the gas (13'6 c.c.); 100 c.c. of 
pyridine dissolve 4’4 c.c. of gas (13'6°); and 100 c.c. of nitrobenzene dissolve 
12-0 c.c. o^ga8 (13'8°). M. Berthelot noted the ready solubility of the gas in absolute 
alcohol. A. Stock and E. Kuss found that 100 c.c. of Ulcohol dissolve 800 c.c. of 
gas (22°) and 100 c.c. Cf toluene, 1500 c.c. of gas (22°). It b slowly and regularly 
absorbed by 33 per cent, sodium hydroxide (about 2 per cent.' per minute), much 
more readily by an 8 per cent. soln. (3J per cent, per minute), or by a 23 per cent, 
soln.- of potassium hydroxide (8 per cent, per minute). It is therefore quite possibk 
to estimate readily absorbable gibes in the carbonyl sulphide by using S3 per cenL 
' sodium hydroxide, and aBowipg for the loss of the Utter gas during toe time of the 
absorption. Liquid caibonyl sulphide was fouqd by L. Ilosvay^e N. Hogya to, 
dissolve subhur, and to mix‘readily with alcohol or ether, but not with water or' 
glycerol. For the absorption coeff. in various salt soln., Table XK. 

B.'Witzeck, and A. Stock and E. Kussefound the dry gas b permanent even iu 
sunlight, but.if moisture be |iresent, thi gas forms carbon-dioiide and hydrogen 

sulphide. The decomposition b very aUw In diSuse,d‘‘7i^^'’ C. Than found that 
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at a red he^, carbonyl sulphide decomposes into siflphnr and carbon monoxide, 
and B, Witeeck said that it is slowly decomposed when heated in# Jhaled tube at 
200 -300°. According to ,W. Hempel, a platinum wire heated to whiteness by an 
electric current decomposes the gas completely without change, of vol., .forming 
sulphur and caibon monoxide. G. If. Lewis and W. N. Lacey studied the equilibrium 
conditions of the reaction C0+S=C08, and found A=[COS1/[0O]=2O1 at 302'*; 
and 436>at 260°. A. Stock and 5. Seelig showed that two equilibria are probably 
involved, (i) COSw^CO+S, and (ii) 2C08^C02-;|-CS2; the second may be due to 
2C0+S2?^C024'C8 j, TJiert was no evidence of the formation of carbon mono- 
sulpbide mentioned by 6 . N. Lewis and W. N. Lacey, or of sulphur dioxide men¬ 
tioned by P. Wintemitz. The reaction 2008^002+082 in either direction is 
rather slow, jnd 2008^200+82, rather fast. The dissociation of carbonyl sulphide 
was independent of the-amounts of carbon dioxide or disulphide present, thus 
showing tliat carbon mdnoxide and sulphur are formed directly from carbonyl 
sulphide Ind not primarily from carbon dioxide or disulphide. At 800°, 64 per cent, 
of carbonyl sulphide was dissociated, and at 960°, 76 per cent. A. Stock, W. Siecke, 
and E. Pohland found that near 4tK)°, the equilibrium in reaction (i) is disturbed 
by the separation of sulphur. When this reaction is suppressed by the addition 
of carbon monoxide, reaction (ii) can be studied below 500°. The decomposition 
(i) is not evident below 400°, and attains a maximum of 04 per cent, at 900°. 
Reaction (ii) reaches a maximum of 43 per cent, at 000°, and 16 pet cent, by (i). 
The equilibrium (i) depends on the press., while (ii) docs not. Quartz is a marked 
catalyst for (ii), but has little influence on (i). Hence, carbonyl sulphide at room 
temp, can be kept for years in glass vessels, but is rapidly decomposed in quartz 
vessels. 

C. Than showed that the gas is very inflammable, taking fire even when brought 
in contact with a ted-hot splinter of wood, and burning with a blue, sUghtly luminous 
flame. A mixture of one vol. of the gas with H vols. of dxygen inflaines with a 
slight explosion, burning with a blue flame; but, said W. Hempfcl, if the gas be 
mixed with 7| vols. of air, the mixture bums without explosion. E. J. Russell 
found that a thoroughly dried mixture of carbonyl sulphide and oxygen does not 
ixplode with the passage of an electric spark. C. Than showed that carbonyl sulphide 
IB slowly decomposed by water: C0S+H20=f'02+HtS. The pure gas, said A. Stock 
and E. Kuss, does not at once give a precipitate with a soln. of barium hydroxide 
or of cupric sulphate. P. Klason said that with baryfa-watyr, a turbidity occurs in 
half a minute. P. Klason found that an aq. soln. of starch iodide is soon decolor¬ 
ized, and a soln, of lead acetate rendered turbid. M. Berthelot found that cuprous 
sulphate separates very slowly from a soln. of carbonyl sulphide in a hydrochloric^ 
acid soln. of cuprous chloride. In the reacting system, C08+H20?^('02+B^, 
when the water is in large excess, if C denotes the cone, of the carbonyl sulphide, 
the rate of decomposition will be ~dCjil==h'C. G. BuchbSek’s resultt'show that 
the velocity constant k' is very nearly 0 0006267 ; and this shows that th; reverse 
action is negligible, and that the products of the reaction have no influence on the 
velocity. He suggests thgt the decomposition is the resultant of two reactions: 
C0S+H20waHS.C0.DH, and H 8 .C 0 . 0 H-^H 28 +C 02 , in which the quantity of 
thiocarbonic acid, pS.COOH, is always proportional to the carbonyl sulphide. 
The effect of temp, is refiresented by log t=—11736'73T"*+46'66364. R. Witzeck 
found that the decomposition is vepf rapid ^t a high temp., and he measdred the 
effect of various acids and salts in isohydric soln.s and found' that if 8 denotes the 
absorption coeff. of the carbonyl sulphide, -dC^^kCjS, where k==k'8. TheWults 
are indicated in Table XX, and they agree well with'theory only when refei^ to 
particular groups of salts. In general, the rate of deooinposition decreases with the 
addition of acids, and the decrease is greater the more ionized*the acid; and increases 
with the cone. Monochloroacetio acid caused a slight increase in the velocity of 
decomposition, and the effect of many of ^ha metal kalfa also is to cause slight inoriase. 
P. Klason found that carbonyl 8ulp)pde can be preserved for a time over 60 per qpnt. 
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Table XX.—%r»Bia or Acids and Salts on the Decomposition op Cabbonyl Sulphide 

iHOhydrlc boId. 
contaliu srm, eq. 

, lK!t lUte. 


1U3 671 •: 00174 9-94 

1-366 . 668 , 0-0166 1102 

1-161 '632 ‘ a-0166 i 9-86 

0-968 371 0-0218 i 809 

1-000 391 0-0209 I 8-17 

» 1-317 642 0-0166 8-46 

1-119 -634 0-0148 * 7-90 

1-141 436 0'0164 • . 7-16 

1-908 416 0-0180 7-47 

1-607 , 603 0-0136 *6-84 

1-469 476 0-0141 6-71 

1-401 462 0-0146 6-80 

1- 368 422 I 0-0163 6-48 

2- 073 601 0-0219 10-97 

2-069 479 0-0243 11-64 

2-246 488 00231 11-27 

1-860 414 0-0256 10-66 

1-117 403 0-0236 9-61 

— 634 0-0216 i 11-63 


sulphuric acid, and, unlike, hydrogen sulphide, it is not decomposed by a sulphuric 
acid soln. of cupric sulphate. G. BuchbBck found that the presence of carbamide 
and of glycerol accelerated the speed of decomposition. G. Buchbdck claimed 
that the velocity of decfomposition is almost inversely proportional to the viscosity, rj, 
of the solvent, <Jr dC=1cGjSri. P. Klason found that soln. of alkalies and alkaline 
earths decompose carbonyl sulphide more rapidly than does water ; as previously 
indicated by P. Klason, and M. Berthelot, carbonyl sulphide is absorbed but slowly 
by a 33 per cent. soln. of sodium hydroxide; but R. Witzeck found the contrary. 

• The reaction probably occurs in two stages, say : C0S+2K0H=KS.C0.0K4-H20 ; 
and K3.CCK.OK-h.KOH=K8H+KO.CO.OK. Cone, alkali-lye absorbs the gas more 
slojply than more dil. spin., apd potash-lye more quickly than soda-lye. P. Klason 
found the gas to bo completely and rapidly absorbed by a 33 per cent. aq. soln. of 
potassium hydroxide mixed with its own vol. of alcohol; with an alcoholic soln. 
of potassium hydroxide, C. Bender obtained potassium ethyl thibcarbonate, 
CjHjjD.CS.OH. C. Than found that chlorine, and fuming nitric acid, at ordinary 
temp, have np action on carbonyl sulphide; but at a red heat, A. Emmerling and 
B. von Ldpgyel found carbon monoxide, sulphur chloride,’and carljpnyl chloride 
are formed: C084-2Cl2=C0Cl2-|-SCl2. The last-named also found that with 
boiling or^cold -antimony pentachloride, carbonyl chloride is formed. C. Than 
said that mixtures of nitric oxide and carbonyl sulphide are not explosive. Accord¬ 
ing to M. Berthelot, gaseous ammonia, and, according to‘P. Kretssschmar, an 
alcoholic soln. of ammonia rapidly absorb carbonyl sulphide, forming ammonium 
thiocarbamate. When the sola, in aq. ammonia is evapbrated, £. Shmidt, and 
M. Berthelot obtained carbamide aiH thiocarbamide. The action of carbonyl 
aulphide on a number of organic products has been studied by B. Holmberg, 
• P. Wdlgert, M. Freund #nd B. Asbrand, etc. Heated mercury, copper, iron, and 
silver were found by M. Berthelot to remove sulphur from carbonyl sulphide; and 
cuprous chloride reacts: C0S-)-2CuCl-|-H20*=C0j-f2HCl+Ci^. P. Klason, 
and W. Hempel found carbonyl sulphide to be a narcotic poison. The analytical 
determination of carbonyl sulphide has been discussed by P. Klason, W. Hempel, 

E. 3. Russell, and other workers. ' *' 

• * 
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— - - nef^alive, 803 
^ApHchynilo, 517 
Aldebaranium, 505, 705 
Alexandrite, 154, 2{>4 
Alkali borates, 05 

- - - carbiiles, 8-f4, 847 

-- hexammino-tetraehloroahmunates, 322 
Alkaline earth horales, 85 

-earths, 494 

Allanito, 509 
Allotropy, 719 

— - dynamic, 723 

-• - onantioinorphie, 723 
monotropic, 723 
Alloys, pyrophoric, 010 
Almodino, 205 
Aloxite, 271 
a*carbon, 747 
a-kiiachitt^ 275 
Alquifol, 714 
Alshedite, 612 
Alum, 154 

— - ammonia, 344 • 

-basic, ^52 

■ - ctesia, 346 

— cubic, 346 

-hydroxylainine, 344 

— - lithia, 342 • 

-magnesia, 164. 354 

-manganese, 154, 354 

— - - meal, 343. * 

-pota^, 343 

-roche, 148 

-rock, 148* 

-Roman, 149. 343 

—' rubidia, 34# 

-sesriuimagj^esia, 354 

-silver, 361, 346 

—~ soda, 342 , 

-zinc, 364 

^umbre native, ^42 
Alumen, 148 
-de Tolpha, 149, 35} 


Ahimen di Mclelm. 149 
^la«-iai(‘, l-iS 
i^'sbiunt, 149 
rupctim, 148 
Ahimian, 154, 339 
Ahmun, 151 
Alumina, 150 

OrtUiresccncc of, 200 
colloulal. 201 
cr\olilc, fusibility, 107 
ci\stals, preparation, 269 

dlspri'M'.!, 2til 

lluorspai', iTvolite, fusibility, 107 

sp. Ill . 108 
fusibility, Ui7 
hyilrated, 25:i 
liNMlio”.-!. 270 
270 

iiiai'iic.sia-ljinc, 295 
))i-»“paralion. 254 

Mayer's p’locess, 264 
Irom bauxite, 250 
from cla> s, 257 , 

AlunuiialeK, 2H4 • 

Aiiimuie liydrati'c des Meaux, 24U 
Alummilile, 353 
Aliunuiite, 154. 338 
Alummiiitii. 118, 151 
act^ai' d. 200 
alloys, 229 
amalj^ams, 2^0 
ammmobi'iifiudc, 320 
amuimoiodoiH-nlauude, 328 ■ 
ammonium carbonate, 369 
hydroxysulphat^*, 303* 
])hospliat<s 307 

- sul|)hate, 344 • 

analytu-al it^acitions, 2tfl 

ami thnlluim, 42il •* 

atom di'coinposition, 228 

cli'ctrunu' structure, 228 
atomic number, 228 * 

• weight, 227 
barium allots, 236 
phosjihale, 370 
Ixy-yllium alloys, 236 
Iwrate, Hl2 
borocarbidc, J3, 872 
l^irotungstate, 110 
- brasses, 240 
bromide, 324 

^hexahydraUxl, 324 

- pentahydraled, 326 
bronze, 222^ 229 

— - cadmium alloys, 240 

— tsesUim sulphate, 345 

— calcium alloys, 234 • 

-• — and sodium duorideaf>308 < 
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Aluminium oidcium carbonate, 359 

-pholphtte, 370 

-sulpl^tophosphate, 370 

-carbide, 846, 870 

.-carbonate, 358 * * 

-carbonyl, 952 

chloride, 311 • 

..enneahydrated, 315 

-- ■ hexahydrated, 314 

- - - - preparation, 312 

-properties, chemical, 318 

- —-—, physical, 316 

— - chlorobromide, 328 

-hej^hydrated, 328 

■-chloroBulphate, 319, 336 

-colloidal, 170 

-copper alloys, 229 

--- phosphate, 368 

-(deca) hydroxytrisulphate, 338 

—diamminochloride, 320 
-diboride, 26 

-lihydrosulphate trihydrated, 330 

-dihydroxydisulphate, 338 

-dioxyhydroxide, 281 

'- ditritarsenide, 213 
eka, 373 

— • electro'deposition, 183, 184, 185 
- - eloctrothermic process, 188 

-enneamminochloridc, 319 

— • excited, 208 

• - fluoborate, hydrated, .128 

• —aduoride, 300 

-— hemiheptahy’drated, 302 

-monohydrated4302 

-- — tfihydrated, 302 

-gold allots, M3 

• -hexainmmochloride, 319, 320 

• - hexamminoiodide, 328 

— hexamminotriiodide, 328 

-- - history, 148 * 

' - hydrophosphaie, 365 * 

-hemitridopaphosphato, 386 

— hydropyrophosphat(^ 365 
hydroxide, 277, 286 • 

-L mt>nohydrated, 281 

-sesquUwdrated, 281 

— hydroxides, 273 

—Jftydroxychloride, 277 
hydroxydichloride, 318 

— hydrox|'lal'hine sulphate, 345 

— ioewiamminoiodide, 328 
—> impurities in, 169 

— iodide, ^27 

-hexahydrated, 327 

— -pentadecahydratod, 327 

— iodoimidotriamide, 3£8 

— isotope, 228 

— —— phosphate, 367 
-r sulphate, 342 

fnagnesium alloys, 235 

-carbonate, 359 

-!_ copper alloys, 23^ 

-phosphate, 370 

-sulp^te, 354 • 

— mercury alloys, 240 

— metaphosphate, 362,665 

— mbnonydimxide, 274 

— nitoate, 359 
-dihydrate, 860 

esmeahydrate, 860 
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Aluminium nitrate hexahydrat^ 360 

-octohydrate, 360 

-pentadecahydrite, 380 

-occurrence^ 153 • 

— — <|il4iopho8phatei 362 
-colloidal, 363 

— oxide, properties, chemical, 269 

— — -, physical, 263 

-(vide edumina), 263 

-oxides occurrence, 247 

-' - oxychlorides, 318 

-passivity, 206 

— I^entamminochloride, 320 
; - peroxide, 273, 283 
-— phosphate, 362 

— potassium afloys, 229 • 

— -carbonate, 369 

• -hydroxysulphatc, 353 

..nitrate, 361 

- --sulphate, 343 

■ preparation, 160 

-production, 152, 160 

properties, chemical, 202 
-- physical, 173 

- purification, 169 
pyrophosphate, 362, 385 

• -- rubidium sulphate, 346 
silver, 233 

alloys, 232 

- phosphate, 370 

— sulphate, 341, 346 
sodium alloys, 229 

- — carbonate, 369 * 

-hydroxysulphate, 363 

— — phosphate, 367 
- pyrophosi^hate, 367 

— — -- sidphato, 342 

- strontium pyrophospliate, 370 

- subcbloride, 311 
—— subduoride, 301 

- - - suboxide, 253 

-subsulphate basic, 339 

~ subsulphide, 329 
-sulphate basic, 338 

— -deca^ydrated, 333 

-dihydrated, 334 , 

-dodecahydrated, 333 

-heptacosihydrated, 333 

— -heptadecahydrated, 333 

-hexadecahydrate, 332 

--hexahydrated, 333 • 

-octodecahydrate, 333 

-trihydrated, 333 

-sulphates, 332 

-acid, 333 • 

j -- sulphide, 329 

-•—~ sulphitbiodide, <327. 

-- (tetra) deoahydroxysuipbate, 337 

-tetrahydrosulphate, 338 

•-tetrahydroxysulphate, 338 

-thallous sulphate, 467 

-triamminoemoride, 820 

-trihydroxide, 275 • 

-trihydroxydipho8fdiat|b 366 

—^ trihydroxyphosphate, 368 

- uses, 222 

- wool, 170 

- sine alloys, 287 

-copper alldys, 240 

- — nyignesi^pm idloys, 240 
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Aliiminium zino {^osphate, 371 

- 1 -- sulphate, 364 

Aiuminohtee, 249 * 

-colloidal, 249 

-crystallide, 249 

Aluminosulphuric acid, 336 
Aluminothermic reactions, 218 
Aluminum, 151 
Alumium, 151 
Alomogel, 275 , 

Alums, 336, 341 

-pseudo, 354 

Alun de Koine, 353 
Aiundum, 271 
Alunito, 154, 257, 353 
—^ ammonia, 353 

•-• so^a, 363 ' 

-zinc, 154 

Alunogen, 154, 333 
Alunogene, 333 
Alvite, 512 
Alzene, 239 

Amalgams, aiuininmm, 240 
Amblygonito, 155, 307 
Amethyst, Oriental, 247 
Ammonal, 219 
Ammonia'alum, 344 

-aiunite, 353 

-gallic alum, 386 

-indium alxim, 404 

Ammonium aluramate, 289 

-aluminium farbonatc, 359 

--hydroxysulphate, 353 

-- . phosphate, 367 

-- — sulphate, 344 

-borates, 65, 79 

•— boratofluorido, 125 

- - - ceric nitrate, 673 

--sulphate, 002 

- — cerous carbonate, 006 

-nitrate, 671 

--- sulphate, 669 

- - decaborate octohydratcd, 80 

-decabromoaluminato, 320 

.- dicerous octosulphatc, 659 

-dilanthanum octosulphatc, 659 

_dipraseodymium hoxa8ulphat<>, 059 

-- disulphatoalurainate, 344 

-— tetrahydrate, 362 

-disulphatoindate, 404 

__tetrahydrated, 404 

- - dodecaborate enneahydratcd, 81 
. .. _ dysprosium carbonate, 704 

~ -- erbium sulphate, 704 • 

-fluoborate, 127 ^ 

-fluoindate, 39Q . * • 

-fiuoperbor^te, 129 • 

fluoscandiate, 489 

- • — gadolinium nitrate, 695 

_gallic distflphate, 385 

_heptabromoaluroinate, 326 

_hexsborateiieptahydrated, 80 

-hexachior(d|hauate, 445 , 

__—. dihyoiated, 445 

_hexBfiu<^uminate, 303 

-hyperborate, 120 

_isotetBshydroborododecatungstate.lO* 

lanthanum cArboUate, 666 • 

-nitrate, 671 • 

_sulphate, 669 


Ammonium neodymium wlsnate, 066 
• —nitrate, 671 . 

- octoborate hexahydrated, 80 

-tetrahydrat^, 81 • 

- octotritaborate, ^ 
pentabromcrindateamonohydrated, 4Q1 
peniatokloroindate, monohydrated, 

400 

.pentalluoalununate, 303 

- perborate hemihydrated, 119 
perceric carbonate, 668 

- praseodymium carbonate, 666 

nitraVi 671 

Hiiii^ariuia carbonaUs OOA 
.sulphate, 659 

- scandium earUmate, 492 

- sulphate, 492 

(tetra) diliorate, dihydiuted, 80 
tetraborate, tctroliydnkted, 80 
tctrabi'omoolummate, 326 
tetrabromoihellate, 452 
totrai'hloroahimmate, 321 
totraehlon)in<late, 4(M) 

- tetnviodothellate, 461 
t4‘tralanthanum hexasulphate. 069 
thalhc diHulplmte, 409 

triMulphate, 469 
lhallouH phoHphah', 478 
yttrium carlxinate, 083 
sulphate, 682 
Amur]>houH ore, 249 
Am]>Rngabeite, 610 • 

Amphithalite, 370^ 

An<l‘‘rl»ergite, 512 • , 

/Vnimal oliarcoal, 760 • 

Anistropy, ultraraicroscopio, 700 
AnnenVlite, 516 
Aiithratutio diamond, 719 
Ant imonie Iwrotungstate, 111 
AhtimonIbuH borotungstate, 111 
Antimony carbide, 887 ^ • 

• dodecabrom<jh«'lh»n*l®* 

- - hexabromooerate, 645 

— • hexabromolanthanate, 645 • 

Apatite, 630 

eerium, 676 

— - didymium, 675 
Apjohnite, 164, 354 
Aquadag, 753 
Aquamol, 219 
Argil, 150 

-pur, 150 
Aigilh native, 338 
Armenian whetstone, 247 
Aromite, 354 • 

Arrhenito, 520 
Ar8enic.carbide (tri), 887 
^sebarite, 4, 97 , 

, Attaicolite, 370 
Auerlife, 515 
Augelite, 155, ^6 
Aunc chlocoscandate, 490 

--dihydiate(l,-490 

-benieosihydrated, 490 

-octoh>idrated, 490 

-thallous nitrate, 476 

Auroui cajbide, 866 
* Austrium, 504 • 

Autqniolite, 296 
i /Axorite. 520 • 
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Bagrationit;% 5<?9 
Bakorite, 4 

* Barium aluminate, 200 
~— alumiiuum allfyH, 236 
-phoHphate, 370 , • 

— borido, 24 

— borocarbonate, 88 

-carbide, 859 

-carbonyl, 061 

-docaboratodibromide, 141 

— • <locaboratodichloridc,^141 

— - (di) dialAminaie, 292 

-diborato, 87 

-hoxaborate, 90 

-- — „ heptahydratod, 91 

— diborato, 02, 88 

--decahydratod, 89 

— - — - dihydrated, 89 

- pentahydrated, 89 

-— — totrahydratcd, 89 

——- dodecaboratc, 93 

— cnnoahydropentalanthanate, (528 
-fluoaluminato, 308 

— fluoborate dihydrated, 128 

- liexaborate hcxahydraUMl, 02 

-isotetrahydroborododccatungfltato, 

-metaborate, 88 

-motaluminate, 293 

. —— octoborate dodecahydrated, 93 

— * ofitobromoaluminate, 320 

-octochlorodithallate hexahydrated, 

-octodeoachlorodialiAninaU?, 322 

-octo<lt^cachl(yotetrahuninate, 322 

. -orthoborate, 87 

-oxybromoaluminato, 320 

-oxyohloroaluminaUs 323 

-oxyiodoaluniinato, 329 • 

-perborate, 120 • 

-seBquiljprate, 90 

-stannic borate*, 105 

—»- sulphaluminato, 33330 • 

-tetraborate, 91 

— • thallous chlorides, 441 
-(tri) Aluminate, 291 

•—-docaborate hexahydrated, 91 

BarPandito, 165 
Bastnasito, 62^ 

Baurach, 1 
Bauracon, 1* 

Baurak, 1 
Baurax, 1 * 

Bauxite, 154, 249, 273 

-ferruginous, 249 - 

-nonderruginous, 249 

Bauxitite, 249 
Bauxium, 261 
Beauxit4, 249 
Bechilite, 3, 92 
Beckelke, 614 
Berlinite, 165, 302 
Beryllium aluminate, 294« 

-aliuninide, 235 

—— aluminium alloys, 236 

-boride, 24 

-•—; borooarbide, 24, 867 
carbide, 846, 886 

- - dodeoachlorothallate, 447 

—^ydroxyorthoborate, 96, 


Beryllium (ponta) diborate, 95' 
Berzelium, 504 \ 

I jS-carbon, 747 • 

I Betaf^^ 619 
' Bismuth lioride, 28 

— carbide, 887 

: -henicosibromocerate, 646 

-In^abromocerate, 645 

I — - hexahromolanthanate, 646 
-orthobolato dihydrated, 107 

- - spar, 531 * 
j Black-lead, 713 

: Blomstrandine, 617, 518 
; Blomstrandito, 519 
Blood charcoal, 760 
' Blue clay, 710 • 
earth, 710 
I felspar, 370 

i LcithncrX 298 

i l^iydon, 298 

' mountain, 370 

spar, 370 

' '['[lenard’s, 298 

^ Heart, 720 
, Hod(‘nito, 509 
! Bolivaritc, 300 
: Bone black, 750 
-- ' char, 750 
charcoal, 750 
-- - turquoise, 308 
j Borach, 1 
Horacic acid, 2, 48 
: Horacite, 4, 137 

. caflmium, 140 

cobalt, 140 
I ferrous, 140 

I iron, 137 

inanganosc, 140 
nickel, 140 
- Turkish, 89 

-zinc, 140 

Boracium, 3 
Borak, 1 
Boramide, 132 
! Boranes, 35 • 

j Boranol, 35 

] Borate magn^sio-calcaire, 137 
; Borates, 47, 65 
I Boratobromides, 140 
Boratofluorio acid, l23, 124 
j Boratoiodides, 140 
I Borax, 1, 3 
\ - calcined, 070 

j - -dehydrated, 48 

I -glass, 71 
I < lime, 93 

-usta, 70 • 

I —' veneta, 08 
Horazito, 137 

I Boric acid, 2, 4, 48 « 

; —.— and indicators, 59 

} --glassy, 41 

--properties, chefhtoal, 61 

-?-^ physical, fe 

--solubility, 66 

-* — tribasicity, 44 ' 

^-vitreous, 41 

-J— wat«r glass, 76 

-fcida, 47 

-anhydride, -#1 











Boric oxide, 

Borides, 23 
Borimide, 132 * 

• -trihjfdjochlorido, 132 * 

Borites, 39 
Borobhtano, 3(t 

-diammino, 30 

Borocaloite, 3, 72 
Boroethano, 37 
Borofluorides, 124, 125 
Borohexylene, 30 
Borohydrates, 40 
Borol, 146 
Boromagnosite, 4, 97 
Boromolybdfc acid, 108 
Boron, aeUvo, U * 

“•-adamantine, 10, 13 * 

• -•analytical Ft^m-lionH, 17 

-areinotribromido, 135 

— - atomic numb'r, 21 

— — — weight, 18 

.atoniK, deeoriipoMt ion. 21 

-— broniodiiodide, 130 
-carbide, 20, S7t) 

— - “ colloidal solution, H 

— decahy<lridi!, 30 

-diamminotritlnoride, 122 

-dibrornoiodide, 130 

— - dioxide, 39 

-electronic structure, 21 

— —cnncamininobrmnido, 135 

— -ethyl, 132 

— ' graphitoidaf, 10, 13, 25 

.— heinienneaiTmnnoclilonde. 131 
hemiiihosphinoHuoride, 122 

• — hcxarnnim«)(*bloii<l<', 131 

-hoxamminotrisuipbide, 144 

-- history, I 

• -hydrid<‘H, 33, 38 

-hydroKulphate, 147 

- - hydrosulphide, 145 

-jnonainminolrjtluon(h“, 122 

—- - (name), 3 

-nitrosyl chloride, 132 

-occurrence, 3 

-oxid<-^, 39 

— - oxymonoehloridi*. 133 

oxytrichlonde, 133 

— - - jpentadeeamminotriiodidc, 13(5 

- |>entammmotriJO<Ude, 130 

-pentas»ilphide, 145 

-phosphate, 147 

-phosphinochloride, 132 

-pliosphoiodiile, 130 

— - - preparation, 7 • * 

-proi^rties, chemical, 14 

_, physical, 10 

-geaquiamnjinochloride, 131 

-guboxide, 39 

-sulphate, 146 

-- guIphobrSmide, 145 

-sulphochloride, 145 

tetrammin^tribromide, 134 

-tribromid% 134 , 

-trichloride, 129 

-- iriduoride, .121 

-trihydride, 34 

-triuraide, 13§ 

-trioxide, 41 

-trisulphide, U2 ^ 


Boron va\en^y, 19 
Hoi-oimtrooRlciUii, 4, 73 ^ 

Horonmm eoin|X>un(Ui, 19* 

Boronized copjaT, J7 * 

Borotimgstates, 108 
Borol ungstique acule, 108 
Borras. I • 

Bompar. iKt" 

Hort, 720 
Boryl, 35 

• dindjihalc, 140 

-sulphate, 14(5 
Bosjernanite. 154 
Bowmaniti', 370, 

Bnigite, 510 * 

Bi ttsst's, ulnnunniin, 24(t 
Hnlliant. 711 
Biitimlile. 529 
fb<5ggci'itc, 53(t 
BM»ni«ilH)ra<‘it«'K, 14(5 
Bton/.e, aluiiuiuuin, 222, 22*3 
Mhciciix. 17 
HuckiaiMlile, 50*3 

(’ 

C'adnuutn aluininn(<‘, 29(5 
alunnniuni alloys, 240 
and thallium. 428 
lMtracil«‘. 140 
Ixii'otungslati', 110 
cerium alloys, 007 
<-erouK sulphnti", 059 
decathiodicerate, 038 
dihorale, 10(^ 

hexuilecaboralodibiijmido, *140 
hexadecal>orato(hchloride, 140 ^ 

- hexa^lceahoratodiiodido, 141 

jsoti't lahydroboroilodceaUmgKtate.llO 

melftlstrato, 100 

t*ct(0)»»i'a(*', loo 

- thallous elilonde, 441 ^ • 

(.'a‘siti alum. 345 

‘iiilhi'aluin frlsS 
mdiiirn alum, 404 , 

Ca‘smm ucetylcnecarlnde, 840 
alummmm suljilmti*, 345 
eat'hi(l“. 847 
eene nitrate, (573 
cerous nitrate, 071 « 

chloroalummutc, 322 ^ 

chloroscandntc, 490 
diHulphatoniummati’, 345 
disulphatomdatc, 404 • 

eimcahroinodithallale, 453 
enneachloroditballate, 440 
Huol>orao*, 127 
huxaborate, 78 

- hexachlormndate, 400 

- hoxacliloroJantlianato, 642 * » 

liRxachlorolhWlate monohydrated, 440 

- hcxafluoaluminate, 307 • ^ 

lanthanum (hexa) henasvilphate, 068 

- • nitrate, 671 
neoifymium sulphate, 658 

- jx‘ntabroinvindatc,monohydrated,401 

- - j>entachloroindalc,monohydrate<l,400 

- - • «{)en^achlorothanate, 440 

.. -hydrated, 440 , 

—I perborate, 119 
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Oe«ium praseodymiiun sulphnto, 658 

■-ietrabrdlno^sllate, 453 

-tetrachlo 9 >oerate, 640 

-tetraiodothallato, 461 

—— thallic disulphate, 470 i 

-thallous chlorides, 441 i 

Qainosite, 514 * 

Calciothorito, 514 
Oalcite, 530 

Calcium aluminatos, 290 

— aluminium alloys, 234 

-carbonate, 359 

-- — . phosphate, 370 

-- - _ Bulphatophowpliate, 370 

— • boride, 24 

-— bromoborato, 44 
" - oarbide, 840, 850 
-cerium alloys, 600 , 

— - chloroaluminato, 293 

- -- ohloroborate, 44 

-(locaboratodibrornide, 141 

' • - decalwratodichloride, 141 

— - (di) dialuminate, 292 

diborate, 87 

.- hexaborate, 00 

..heptahydratod, 00 

--pontahydrated, OO 

— -Hodium decaborate hoxatleeahy- 

drated, 93 

—-—..ootohydrated, 04 

-diborate, 62, 87 

— -tt-tetrahydrated, 88 

-^-tetrahydrated, 88 

-dihydratod, 8tJ 

|)Oxahydratod, 88 

- - dicerium *alurainohydroxytriortho- 
silicate, 510 

-dodocaborate, 03 

-fluoborate, 128 

— — heptafluoalumiuate, dihydrAted, 300 

— - hexaborate, dodecahydrated* 02 

-—eaneahydrated, 01 

-ootohydrated, ,92 

■ tetrahydrated, V2 * 

--tridecahydrated, 91 

-iodoborate, 44 

-- - isotetrahydroborododccatungstato, 110 
*—lanthanum carbonate, 066 
-liftulite, 370 

-magnesiurt) hexaborate hexahydrated, 

100% 

-metaborate, 87 

-metaluminate, 293 

•-octoborate dodecahydrate<l, 03 

-enneahydrated, 02 

-octobromoalummat€^ 326 

- ootochlorodithallate, hexahydrated, 

447 

-ootqdeoaohlorotetraliuninate, 322 • 

-urthoborate, 87 

-orthoboratodichloride, 141 • 

-oxfde-magnesia-ahimu^, 295 

-(penta) hexaluminate, 292 • 

-perborate, 120 • , 

--potassium aluminates, 294 

--ses<^uiborate, 90 * 

-sodium and aluminium fluorides, 308 

_— — hexidluoaluminate, hydrat^, 300 

-magnraium fluoalominaie, 309 

>-^4t6anio Mrste, 105 « , 


Calcium subcarbide, 858, 860 ' 

-- - sulpha! uminate, 331 

-sulphatoaluminate, ^53 

-(tetra) decaborate, 89 

-J-* — dialuminate, 290 , 

-— hexaluminate, 292 

-tetraborate, 91 

-t^trahydroxyorthoborate, 88 

-tetramminoacetylenecarbide, 863 

— thallid^, 427 

— thallous chloride, 441 

- - ' - disulphate, 406 

_ (ti-ij decalwrate, enneahydrated, 91 

— .- decaluminate, 293 ^ 

• — dialunjinate, 291^ 

- - trialumini^c, 235 » 

-trimetaboratodibromido, 141, 

- triraotaboratodichloride, 141 ' 

trioxytrisulphatodialuininato, 294 

- trisulphatoclialuminate, 294 
trithallide, 427 

Callaica, 368 
Callaina, 368 
Callainite, 155 
Callaite, 155 
Camsidlite, 97 
Candite, 207 
Cappelenite, 514 
Carat, 712 

, — international, 712 
Carbide carbon, 806 
Carbides, 844 
Carboeorino, 621 
('arbon, 710 

-action, oxygen, 811 

-water, 811 

otlsorption from soln., 700 
gases, 789 

allotropic states, 718 

- - a., 747 

- - ■ amorphous, 744 

- —.preparation, 744 

— properties, physical, 766 
atom, disintegration of, 843 

- atomic number, 843 

- — - weight, 8^, 840 

- - benzene, 721 

; — jS., 747 

I — blacks, 740 

I-boride, 26, 870 

I - - - carbide, 896 

I - colloidal, 752 
' combined, 896 

. constitution, 837 

— - dioxide, 90^ * 

—ditrito]dde, 906 

* enneadodecatpxido, 906 
; — . graphite, 895* 

.hardening, 896 

!.-hexaboride, 26 

!-history, 70 

,-isotopes, 843 

-molecule, 839 

'-manoboride, 27 

;-monoxide, 904 

;---history, 907 

j-occurrence, 909 

y -preparation, 900 

i-^ properties,' chemical, 027 

i _ -ip-ij 916 









Carbon moboxide solubility, 923 
— -r- nitride, 887, 

-ooqprrenco, 716 • 

-oxycarbide, 906 

-.oxyohloade, 962* 

-ox^ulphide, 971 

-properties, chemical, 821 

---, physical, 765 

-pseudo, 721 

-self-oxidation, 812 

-silicide, 875 

-- suboxide, 905 

-temper, 739 

-trithic^romide, 320 

-valency, 837 

Carbonado, 720 • 

^ Carbonyl bromide, 970 
-chloride, 962 

— - -- chlorobromido, 970 
-Ouoride, 970 

— - halides, 962 

-sulphide, 971 

Carbonyls, 960 
Carboriimium, 876 

-fire sand, 878 

Carbosil, 219 
Carbrox, 75(1 
Carbunculus, 295 
Carbure, 84'# 

Carburet of potassium, 847 
Carolinium, 504 
Caryocorite, 514# 

Cassiopeium, 505, 705 
Cassiterito, 530 
Castelnaiidito, 527 
Catapleiite, 512 
Oltia, 706, 708 
Coltium, 498, 708 

— - - hydroxide, 708 

-oxide, 708 

Conosite, 614 
Corerite, 607 
Ceria. 601, 626 
-isolation, 560 

— - preparation, 587 • 

Ceric ammonium nitrate, 673 

— --sulphate, 662 

— ce($sium nitrate, 673 

-Carbonate, 666 

-cerous gulphate, 602 

-chloride, 641 

-fluoride, 637 

■— _ hydro-orthophosphate, 676 

-hydroxide, 632 . 

-— colloidal, 633 

- — hydrosol, 633 • 

-hydroxynitraW, 67i 

— -- lanthanum'sulphate, 662 

-magnesium nitrate, 674 

-nec^ynium sulphate, 662 

-nitrate, 072 

—- oxide, 629 

-oxycarbonafts, 666 

-oxychlorid^ 640, 641 

-oxysuiphate, 662 

-oxytetrasulj^ate, 061 

-potassium nitrate, 673 

---sidphatcf 662 

-praseodymium sulphate, 662 

—— pyrophosphatd, 676* • 
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: Ceric rubidium nitrate, 673 | 
- ~ silver sulphate, 662* 
sodium stdohate. 662 * 


sodium sulpliate, 662 * 

- sulphate, 661 , 

- thallium sulphate, 662 

- zinc nitrate. 674 # 

O^rino, 509 

Ccrite, 496, 607 
(.‘‘Mium aluminitlc. 608 
amalgams, 607 

- analytical nwtious, (U)8 
apatite, 675 

atomic nupilK'V, 022 

weight, 021 * 

hisruutliide, 604 
borotungstate, 110 
coilinium alloys, 607 
calcium allovs, 606 
carbide, 873, 885 
copjK'r alloys, 605 
"CuprHle, 605 

(di) ealrimn aluminohydroxytriortho- 
silicate, 510 
<lialununi<U', 608 
diamtninot ncliloriilc, 640 
dibisinuOiidc, 604 
dioxide, 629 
dioxysulphate, 661 
disulphide, 649 
dodecamminotrichloridft, 640 
oimeamagneside, 606 ^ 

opidote, 610 * 
gold alloys, 606 
hemaliiminiae, 608 
hemicupride, 606 ; 

hemlzincitle, 607 

hexacupride, 606 
hydra/ine sulphate, 060 
hydiidc, 601 

- hydroxj lamine sulphate, 669 

- icosiamininotrichloride, 6^0 * 
iodide, 645 

magnesido, ^6 
mercury alloys, 007 
metaborato, 104 

- - metoxide, 633 

monoxide, 625 

- occurrence, 587 

- - octamminolrichloride, 1140 

oxalioum medicinale, 643^* 

- oxycarbide, 873 
oxychloride, 641 

- - oxysulphide, 660 * 

- paraoxide, 633 
preparation,^80 

- properties, cnemical, 601 

physical, 691 

- pyridine sulphate, 660 

- quadrantoma^eside, 600 

- qaadrantozincide, 607 

- quinoline ^phate, 669 
-selenide, 6o3 

.8e8quioxide«026 

-silicidb, 604 

-- silver idloys^ 606 

-sodium alloys, 606 

-sulpfaipte, b^io, 661 

'-dideeahydrated, 662 

-^-ennewhydrated, 662 

» -hex^hydrate, W3 



litoBX 


Cerium sulphate octahydrato, 652 

--pent^ydrate, 663 

--tetralfydrato, 663 

- - 8ulp]iid6« 603. 648 ’ 

*-tetrachloride, 641 

-tetracupride, ^5 

- totrafluoride, 637 
-tetraluminide, 607 

-tetramminotrichloride, 640 

-tetritamagneside. 606, 607 

-tetroxide, 666 

-tribismuthide, 604 

- ■ - tribromide, 645 

-- trichloride, 639 

-trimagneside, 6()(i 

-trioxide, 629 

- -hydrated, 634 

-tritaluminide, 608 

... tritetritabismuthido, 604 
■ • uses of, 610 

Corofluorite, 638 ^ 

^^erosocoric hydronulphate, 660 

- oxide, 633 

^ruufl ammonium carbonate, 666 

.nitrate, 671 

Hulphate, 659 
cadmium sulphate. 659 

- caesium nitrate, 671 

- carbonate, 664 
eerie sulphate, 662 

- — chloride, 003, 639 

- - heptaliyd rated, 630 
.— hexahydrated, 640 

- (di) ammoniunt octdsulphate, 669 

- - ^tas8ii|fm hoxasulphate, 068 

- ..octosulphate, 658 

- -pentasulphato, 668 

- - • -- sodium hexa8ulphat(‘, 657 

- • fluoride, 638 , 

- ..hemihydrated, 638 , 

- hydropyrophosphato, 670 

- hydrosulphatt^, 666 

hydroxide, 628 % • 

- ' iodide^ 603 

- mekgiiesium nitrate, 671 
--- meti^phosphato, 676 

- nitrate, 668 

- -* octhophosphate, 675 

- - potassiun^ carbonate, 605 
-nftrate. 670 

- — oAhophosphate, 676 

-sulphate, 668 

-pyrophosphate, 676 

-rubidiiim nitrate, 670 

-sodium carbonate, 666 

-nitrate, 670 * 

---orthophosphate, 676 

--pyrojmospnate, 676 

-—j_ sulphate, 657 

-sulphate, 660 ‘ 

-sidphatocerate, 680 

-sulphatonitrate, 669 ** 

-(tetra) potassium enneasulphate, 668 

-— sodium enneasuiphat^ 657 

-thallous nitrate, 671^ 

-aino nitrate, 672 

Ceylonite, 207 
Chadal, 714 , 

^Chaloosiderite, IfiO 
Oba^al, activated, 747 


Charcoal, active, 747 

-adsorption gases, 789 

_ -from §oIn., 799 ’ 

-animal, 750 

-blobd, 760 

-bone, 760 

-kiln, 748 

-pit* 748 

-retort, 748 

-stove, 7^ 

I .sugar, 747 * 

-wood, 748 
1 Childrenito, 166, 370 
I giuolite, 154, 303, 306 
; Chloroaluminates,. 321 
i Chloromorcurichloroacetylenc, 869 
Chlorospinel, 298 
1 Chrome spinel, 164 
i Chromic borate, 107 
* Chromite, 296 
(Chromium boroiungstato, 110 
dipontitacai’bido, 888 

- ditntaboride, 29 

- - ditritacarbido, 888 

hemicarbide, 888 
monoboride, 28 

- pentaborato, 107 
letritacarbide, 888 

ChromouH borate, 107 
i Chrysoberyl, 154, 294 
J Chrysocolla, 1 
Churchite, 529 
Cirrolite, 165, 370 
Clay, 631 
-blue, 716 
Clays, 155 
Cloveito, 630 
' Cliachite, 249, 274 
' Chnophaite, 154 
: Cobalt alumiimte, 298 

:-boracite, 140 

boride, 31 

j borotungstate. 111 

-diborate, 114 

-diborido,,32 
I - fluobornte, 128 

hemiboride, 32 

; - hexaboratodiiodide, 141 

’ - - hexadecaboratodibroraide, 140 ♦ 

I - -- hexadecaboratvxlichloride, 140 

- hexamminofluoborate, 121J 
i • - me^esium borate, 114 

: - • nitrosotricarbonyl, 957 

I .octoborate^ dodecahydrated, 114 

-orthoborate, 114‘ 

I —pentaborate, 114 
i * - - pontafluoaluminate, heptahydrated, 

I 3l0 ‘ • 

I - — perborate, 120 
j __ tetraborate^ decahydre^ted, 114 

' -tetracarbonyl, 967 

! — (tri) tetraborate, tetrahydrated, 114 

! -tricarbonyl, 957 

I - tritacarbide, 901 
i Cobaltous acetylide, 90S 

I-'carbide, 902 

Cobalt-ultramarine, 298 
CoBruleolaotite, 366, 

Coheni^, 897 
Coke,^749 • 
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Coko, hftrd, ?49 

-‘soft, 749 

Coking, 749. 

Colemanite, 4, 90^ 

-(neo), 90 • 

Collyrite, 359 
Columbito, 530 
Columbium, 504 ’ 

-carbide, 888 

Combined carbon, 895. 

Copper aluminide, 230 * 

• •— aluminium alloya, 229 
- — magnoftium alloys, 237 

— - phbsphat-o, 308 

- - and tfialliipn, 420 

— » borido, 23 • 

» - -♦borOnized, 17 

—- - carbonyl, 951 
• - cerium alloys, ()05 
decalluodiccratc, 038 
dialuminide, 231 

- dodocalhioaluimnul*', ocloliv<lia 1 rd. 
308 

— lluoaluminale. 3(^8 
heinialuiuinidc, 230 
hoptachloroaliniitnatc, 322 

- - hi'plafluoaliiminalc, uiideoahydratnl, 

308 

— aydrohexafluoaluminati'joclohvdralcd, 

308 

—— octochloroahiminatc, 322 

-ore, velvet, §53 

' - - Hulphatoaluminato, 353 

— - sulplioaluntinate, 331 
-(tetra) ennealmninido, 231 

-- totrachioroaluminate, 322 

.tetranmgn«'siiini he.xaluminido, 237 

tntalurnlnide, 230, 231 
-- - zinc-alumimiiin alloys, 240 
Cordylite, 522 
Corindite, 271 
Corindon, 247 
Coronium, 617 
Corubin, 271 

Corundum, 164, 247 * 

Crayon de niine, 713 
Creedite, 309 
Cryol/te, 154, 303, 304 
-alumina-fluorspar Jusibihty, 107 

_ - gp. gr., 108 

— - fusibility, 107 

-fluorspar fusibility, 107 

.glass, 304 

Cryolithionite, 303, 31)0 • 

Cryptolite, 523 

Cryptomorphite, 4, 89,1)3 • 

Crystal, 711 * • 

Crystallization, fractional, 638 

-with separating clement, 54( 

Cuivre velout4,*363 
Cullinan diamond, 711 
Cupric acetylide,^53 

-^uminate^89 

-carbide, 8 m 

-diborate, 84 

-fluoborate, 128 

-metaborate, 84 

-octochloroditflailarte, 447 ' 

-hexahyd^aied, 447 

—— p^taborate, 84 * 


j Cupric perborate, 120 ^ 

' -(tetra) sodium (tetrad octodocaborato. 

84 • 

tetrabomte, 86 

' letrainmino-octoio(fofiia//atc, -/of 
- - IctraniniinolcIralKirale, 85 
tlialUms sulphate, -fljO 
I’uproacetyloxide, H5\ 

Cuprous acetyhde, 860 
allylenide, 863 
carbide, 850 

• colloidal, 851 
chlorocarbidc. 853 
• diacctylide, 852 
lodocaibidc, 853 
oxy ehlorocarhide, 853 
tetrabomt*', 84 
CvKiute, 155 
Cyanoti'ichiti', 154. 353 

Cyclolion'iie, 31 
Cy niophane, 25)1 
CypiUMte, 151 
Cy|*t«)lili‘. 512 


J) 

Dtuiuuiinn, 504 
Danbunte, 531 
I >iireo, 75<» 

Datolito, 4 
Davidite, 513 
Duvili-, 333 
DawKomte, 154 * 

l>t'cuboron tehadccaliulrflle, 37 * 
Decipia, 502 
Dcloieii/.ite. 512 
lleiiKmintii, 504 
J>*‘nel)iuiii» 498 
l)c'H>mtc,*2V 1 
l)«“W’e_\lnlc, 531 
Duulelplulc. 155 * 

Dianiantina, 271 «* 
Dianiuiinoborobutano, 30 
DianioiMl action licat, 724 
anthracilic, 719 
lilack, 720 
Cullinan, 711 
K-vcelsior, 711 , 

l•'lort“ntlne, 711 
(icncais, 731 
Grand Mogul, 711 
/nonogra])h8 on, 712 
occurivnc^, 710 
Orloff, 711 
I’itt, 711 

polymoq^hic, 767 
proiierticK, physical, 756 
lt<*gent, 711 
bftncy,'711 * 

Star of South Africa, 711 

.South, 711 

Victoria, 7y 

Diamonds,* synthesis, 730 
Diaspore, 154, 27^. 274 
Oiasporite, 249 
Diborane, 36, 37 
Diboron dfhydroxide, 40 , 

-^exahydride, 37 

•.— monobrqpiohydride, 37 
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Diboron mon9ch|prohydrido, 37 
Dioerosocerio sylphate, 600 
Dioeroso-octocerio sulphate^ 661 
Dicerosotetraoerio sulphato, 660 
Didymia, 601 
pidymium apatitetOTS * 

-borato, 104 

- -- borotungatate, 110 

carbonato, 666 
chloride, 642 

• - chloroplatmite, 043 

hydrofluoride, 638 

• - mercuric chloride, 643 

-difeorocyanido, 643 

' platinic chloride, 643 

platinouH chloride, 643 

- - apodioBite, 676 

• - HuJphide, 048 
Dietrichito, 154 
Dihydrodecaboric acid, 47 
Dihydrodiboric acid, 47 
Dihydrododccaborio acid, 47 
Dihydrohexaboric’ocid, 47, 48 
Dihydrohoxadccaboric acid, 48 
Dihydro-octoborjc ocnd, 47 
Oihydroteiraboric acid, 47 
Donarium, 601 
Drop-black, 749 

Dubhium, 498 
Dumreicherite, 164, 364 
Duralumin, 237 
Durangite, 165 
Dynamic allotropy. 723. 
Dyaluite, 164, 296, 297 
Dyeproeia, 499, 71)2 

-isolation, 696 

Dysprosium, 690 

- .— ammonium carbonate, 704 

-atomic ntunber, 700 

-weight, 699 

-brOmide, 703, 

-carbonate, 704 

- chloride, 703 

-hydroxide, 703 

-isolation, 663 

-nitrate, 704 

oocujrence, 696 

-oxide, 702 

.oxyohlorKJo, 703 

-phospl^te, 704 

-properties, 698 

- •• sulphate, 703 


R 


Earths, 494 

-all^ine, 494 

-* rare, 494 

Edwardsite, 523 
Elohwfltdite, 100 
Eiaenstassfurtite, 137 
Eisstein, 304 
Eka*aluminium, 373 
Eleotiite, 271 
Eteotfon, 237 
Element sOparateur, 541 
^Elpasolite, S0€ 

Bmvry, 247 


fi^tioxaorphio allotropy, 723 


! Enantiomorphism, 723 
I Endeiolite, 520 
I Eosphorite, 155, 370 
j Epid|te, 631 •, 

;-wrium, 610 

-orthites, 610 

Erbia, 497, 702 ' 

-isblation, 696 

Erbium, 696. 

-ammoinum»suIphato, 704 

-atomic number, 700 

--weight, 699 

• dioxysulphate, 704 

- earths, isolation, 696 

hydroxide, 703 ; 

isolation, 6^4 

• nitrate, 704 

- - - occurrence, 696 

- oxide, 702 

oxychloride, 703 

- peroxide, 703 

-potassium sulphate, 704 

- - properties, 698 

sodium pyrophosphate, 704 
j - sulphate, 703 
I Erdmaimite, 609 
Eremite, 623 
Erikite, 529 

Ethylene oxyfluoborate, 125 
> Ettringite, 154 
Eucolite, 611 
Eucolitic titmiite, 512 
. Eucrasito, 516 
Eudialyte, 511 
Europia, 603, 693 

-isolation, 686 

; Europium, 686 

• atomic numl>er, 690 

■ -weight, 690 

- - carbonate, 695 

chloride, 693 

- - dichloride, 693 
-hydroxide, 693 

-- isolation. 661 

- occurrenw, 680 

• oxide, 692 

- - oxychloride, 694 
-properties, 688 

- -- sulphate, 694 , 

Europous chloride, 694 

i Eurosaroarium, 603 
Euxenite, 518 
I Euxenium, 604 
! EVansite, 166. 367 
Kvigtokite, 309 
£3d^l8ior diamond, ■71V 
; Eytiandite, 616 


F 

I Felsdbanyite, 164, 338 
! Felspa; blue, 370 
I Felspaia, 166 
j Fergusonite, 516 
j Ferric borate, 114 

j --borotungstate, 111 

i Ferroboron, 17 
' Ferrojfaromium carbides, 900 
i Ferroobroinomolybdeniun carbide, 900 
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carbide, 900 

F^^^^motungs^ovanadium 

Ferromad^aaese carbides, 95o 
Ferromolybdei^uili carbide, 900 * { 

Ferronicire! enneacarbonyl, 960 
Ferrotungsten carbide, 900 
Ferrous acetylide, 894 , 

-boracite, 140 

-borate, 118 • 

-carbide, 894 * • 

—- chloroborate, 114 

-he^^eoaboratodibromide, 140 

-hexadecaboratodichloride, 140 

i}entanuoaluminate,. heptahydrated, 


310 

FiSblierit^, 166, 366 
Fleufs de Diane, *2 

-vitriol philoBophiq\io, 2 

Florentine diamond, 7U 
Fluellite, 154, 300 
Fluoaluminates, 303 
Fluoborates, 125 
Fluocerite, 520, 637 
Fluochlore, 519 
Fluoperboratoa, 129 
Fiuoperboric acid, 129 
Fluorencito, 529 
Fluorspar, 630, 631 
- — cryoiite-aJuminia, fusibility, 167 
• ap. gr., 168 
• — fusibiliW, 167 
Fractional crysiauization. 
tion. 

-precipitation, ISee Precipitation. 

Fractionation controlling, 541 
Frankfurt black, 749 
Franklandite, 4, 04 
Franklinite, 206 
Freyalite, 616 


U 

Gadolinia, 602, 693 

-isolation, 686 

Qadolinito, 508 
Gadolinium, 686 

-ammonium nitrate, 695 

-atomic number, 690 

--— wdlght, 690 

-bromide, 694 

-carbonate, 696 

-chloride, 693 

-fluoride, 693 * 

--hydrazine sulphate, 695 

-hydroxide, 693. 

-hydioxycarhonatc, 6^5 

-isolation, 651 

—^ magneaiun^ nitrate, 696 

-metaborate, 104 

-nitrate, 695 

--occurrence, 686 

-oxychloridcHi694 

-oxyaulpbate, 694 

-properties, ^ 

-B^uoxide, 693 

sodium sulpha^, 694 

-sulphate, 694 

~ sulphide, 604 • « 


Gadolinium zinc iiitmto, 695 
carbide, Gahmte, 164, 296 s * 
Galena, 713 • 

-manis, 713 * 

-pietons, 713 ' 

- • psoudo, 713. 

steriliij, 713 ' 

Gallic bromide, 384 
chloride, 383 

. disuljihate aiiiiuoniuni, 385 
- caismiu, 385 
potassium, 385 
.I'ubuhum, 38,5 

- hydroxide. ^82 • 

iodide, 384 
oxide; 382 

- sulphate, 384 

• —sulphide, 3H4 

- thalious alum, 407 

Gallium, 373 

- analytical vcacUons, ‘AHti 
atomic numlier, 38\ 
-weight, 381 
carbonate, 386 
dibroimdc, 384 
dichloridc, 383 
dnodul(>, 384 
extraction, 375 
lluorido, 383 
luihdoN, 383 
history, 373 
hydroxide, 383 . 
isotupi's, 381 
inonuxHle, 38|{ 
niiraUs 386 
occurrence, 374 
oxide, 382 
oxychloride, 3S3 
plios])^liato, 386 
projiijrlieB, chemical, 380 

-pliysical, 377 

• - sesquioxido, 382 • 

- .sulpha^*', 384,* 

— - sulphide, 384 
thailous disulpliutc, 407 
tribroinide, 384 

- trichloride, 383 

— triiodide, 384 
-- - trioxidc, 382 

Gaiious bromide, 384 
chloride, 383 
iodido, 384 

- oxide, 382 
Garnet, 155 
Gas fluoborique, 121 
Gaz fluoboriquo, 1216 
Goarksutitc, 164, 309 
Uerrnuiidm carbide, 886 
G^rsbyiU', 370 

GibbsiU^ 154, 165, 249, 273, 274 
Glantz, 713 
Glass cryolitic, 3M 
Glaucodidylnia, 502 
Glauoodymia, ^2* 

Gold aiuminido, 233 

aluminium alloys, 233 
and thailum, 427 

• ' boraU^ 86 

- - — cerium alloys, 606 

- dtaluminide, 233 


See Crystalliza- 
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Gold hennalu|ainide, 233 

-hexabromoi^rate, 646 

-bexabromodidymato, 645 

-hej^abromolanthan^, 645 

-hexabromosamarate, 645 

-— hexacblorocej^le, 640 

- - hoxachloropraaeodymate, 643 
-Niimberg, 234 

.tetraluminide, 233 

-trialuminide, 233 

Gorceixitft, 370, 

GoyaziUj, 166 
Grafio, 713 

-piombifto, 713 

Orafite, 714 

Grand Mogul diamond, 711 
Graphite, 714, 720 

- -— action of heat, 726 

- - • amorphous, 720 

- - - carbon, 896 

- - colloidal, 763 

- - genesis. 758 

nickel, 900 
• - occurrence, 710 

.projierties, physical, 755 

Graphitic acid, 828 
Qraplutite, 720 
Graphitoid, 718 
Graphon, 719 
Gi'otto di alume, 342 
Gimrinite, 631 
Gj^nnite, 531 


a 

Heematolite, 165 
Hafnium, 708 
H^emannito, 309 
Hollite, 338 
Halotriehito, 154, 333 
Hamartite,'622 ' 

Hambergite, 4, 95 
Hainlinito, 370 
Hardening carbon, 895 
Hatchettolite, 519 
Hayesine, 92 
HeDranite, 367 
Heintzite, 4, 99' 

HolIandit^^512 
Henwoodite, 166 
Heroynite, 154, 297 
Hexaboroit decahydrido, 30 

-dodecohydride, 30 

Hexacosiboron hexatriaeontihydnde, 30 

Hexahydrohexaborio acid, 47 

HexahydrO'Octoboric acid, 47 

Hexahydrotetraboric acid, 47 

Hi(dmite. 616 

Kitohcookite, 155 

Hjelmfite, 516 

HOgbomite, 298 

Hounia, 702 

-isolation, 696 

Holmium, 498, 696 

-’atomic number, 706 

—--weight, 699 

-carbide. 873 

—— ohloiide, 703 
hydroxide, 703 


Holmium isoliation, 553 

J -nitrate, 704 

!-occurrence, 696 

-- oxide, 702 

.^ifoperties, 698* 

— sulphate, 703 

Homihte, 4, 514 . 

Hopealcite, 945 
Hot-cast porcelain, 304 
Houghite, 2|0 
Howlito, 4 • • 

Hiissakite, 528 
Hutchinsonite, 400 

.Hydrargillito, 154, 274 
Hydrazine ceriuip sulphate. ofi9 

- • gadoliniuni sulphate, 696 • 

—hexahydrododeoaboratojdecajjiydratcd, 

lanthanum sulphate, 059 
neodymium sulphaU', 069 
• scandium sulphate, 492 
— - yttrium sulphate, 082 
Hydroboracito, 4, 100 
Hydrohorododoctttungstic acid, 108 
- - - docahydrate, 108 

■ - • octocosihydrato, 108 
Hydroborons, 33 

Hydrobromodictilorothaliic acid, 453 
HydrocoriU*, 521 
Hydrortuoboru-acid, 123, 125 
Hydrofluorite, 521 
Hydrohexafluoboric acid. 125 
• KydrolanthaniU', 621 
KydrosulphaloaUnninic acid, 330 
: Hy<lrosulpliatoci'rio acid, 000 
Hydrosulphat<jthalUc acid, 400 
i Hydrotalcite, 290 
I Hydroteirabromothallic acid, 452 
; Hydrotctraohlorolhallio acid, 444 
HydrotrifluothalJous acid, 437 
llydroxylammo alum, 344 
aluminium sulphate, 346 
cerium .suljdiate, 050 
- disulphatoaluiiunate, 345 
HypoboraU's, 38, 39 
llyposclente, 631 


1 

lee-stono, 304 
Tncognitum, 498, 500 
Indicators and boric acid, 69 
Ipdiosoindic oxide, 307 
Indium, 387 

—acetylocetonate, 398 
* - alum ammonia, 404 

— ~ amalgam, 395 

- ainminochloride, 399 

- - analytical reactions, ^94 

and thallium, 429 

— atomic number, 390 

— - --- weight, 396 ' 

-ctosia alum, 404 

-carbonate, 406 

— ■- chloroiodide, 402 

^-dibromide, 401 

■'-dichloride, 400 

-^ diiodide, 402 

-dioxide, 393 

’ r 
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Indium diSulphide, 403 ' 

—r-extraction* 388 , 

-h^ides, 399 • 

-hiatory, 387 

-hydrida, 393 * 

-hydiosulphale, 404 

-hydroBulphido, 403 

-hydroxide, 398 

- — isotopes, 390 

~ ~ inonobroniido, 400 

-monochloride, *400 * 

.monoiodide, 402 

- monosuJphide, 403 
.- nitra^, 405 

• - occiUToruje, 387 • 

— ox;^broiilido, 400 * 

, - oicychlorido, 390 

-phosphate, 405 

—- proj>ertios, chenucal, 303 
- - physical, 390 

-rubidia alum, 404 

-sosquioxido, 397 

- - sulphaU', 404 

- -- tiibromido, 401 

trichloride, 399 

- • trifluoride, onncahydrat»‘d, 399 

- - tnhydrated, 399 

- -- triiodide, 402 
■ - trioxide, 397 

trisulphide, 403 
colloidal, 403 
InyoiU', 91 • 

lodoborauitcs, 

Ionium, 488, 500 
Iridium carbuUs 902 
Iron borarCito, 137 

* -- carbide, 894 

- • diboride, 31 

-- (licarbide, 894, 890 

- dodecitacarbide, 897 

- • — onneacarbonyl, 960 

- - - homibonde, 31 
-hemicarbido, 890 

-- hexaboratodiiodide, 111 

-hexitacarbide, 890 • 

-magnesia spinel, 154, 297 

-monoboride, 30 

-nitrosopentatlecacarbouyl, 900 

- octitacarbide, 894 

-pontacarbonyl, 1^58 

-pentanemibonde, 31 

-pentitacarbide, 890 

—- — eesquicarbide, 894 

-spinel, 164 ^ > 

-subcarbide, 890 

- tetracarbonyl, 900 • 

-totritacarbid<?, 894, 895 

-tricarbide*, 894 

-tritacarbide, 894, 890 

Ishikawaite, 1^0 

Isohydroborododecatungstic ucid, 100 
Isomerism, 721 

Ivory black, 7w ^ ■ 

J 

JeremejeflSte, 100* 

Jeremejewite, 4, 155 
Jezekite, 370 


yyi 

I Johnstnipito, 513 
j Junonium, 504 


K 

Kamrivelite, 523 * 

Ivalaile, 105 
Kahbonte, 4, 90 
Kalinite, 154. 342 
KallaiH, 302 
Kehooite, 371 
Keilliauite, 51:^ 
Kelp.ehar, 750 
Kenotjiiie, 527 
Keramohalite, 154, 333 
Kiln charcoal. 748 
’ Kihcbtumte, 522 
Kischtiinqiansite, 522 
Klaprotlule, 370 
Klcm's solution, 110 
Kliaehite, 275 
Kljakite, 275 
Knopite, 513 
KocJu'hU', 517 
Koh-i-noor, 711 
KolileustofT‘‘al<'mni, S50 
KohlcnstotTkaluiin, 817 
Ivoppite. 519 
Kosnimin, 5tM 
Kivitlonnite, 290 
Krisobcril, 294 
Kryolile, 304 
KryoUtli, 304 • 

Kryptol, 833 
Kunhoim metal, OlO 
, Ivupfenvcctylen, 853 


1 • 

' J^acroicito, 370 * 

l^agoniU'f 4 • 

Lampblack, 750 
Jjaiithana, 501, 025 

- - pn'paralion, 587 
i^anthanaU'K, 028 

I Lanthania isolation, 550 
J^authamtc, 507, 521, 005 • 

I LHnthanoccrit<*, 507 
J^anllianuin ammonium carbonado, 000 
nitrate, 071 

^ sulphate, 059 • 

•analytical reactions, 008 
atomic mimlH'r, 022 

. weight, 021 

- bprate. I04 

- • bromide, 045 

* - heptabroraido, 045 

- —§awium nitrate, 071 

calcium (^rbonatc, 000 

- - carl^ide, 3 

- — carbQnete,,004 

; • — ceric sulphate, 602 

' — - chloride, O^l 

-- —hydratctl, 041 

-, .hexahydrated, 041 

-(di)*ammonium, octosplphate, 059 

-potawium, hexasulpbate, ^8 

-...1-- octOBulphate, 058 ^ 
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Lanthaatun 630 

-- dioxynion(^i4onato, 665 

-dioxysulphale, 651 

-distuphide, 649 

I-duocarbonate, 666 

-fluoride, 638 

—-- (hoxa) cfieeiuin lfena8ulphate,.668 

---rubidium hexasulphate, 668 

-hexamizononitrate, 669 

- ' hydrazine eulphate, 669 
- hydride, 602 
hydrofluorido, 638 
■ ^ iiydropyrophosphate, 676 
hydrosulphate, 666 * 

hydroxide, 628 

— iodide, 646 

— • - magnesium nitrate, 672 

metaborate, 104 

— - ■ motaphosphate, 675 

nitrate, 668 

— occurrence, 686 

— .orthophosphate, 675 

oxalatonitrato, 690 
oxybroraide, 646 
oxydicarbonate, 666 
• - pentoxide, 634 

— - potassium carbonate, 666 

— nitrate, 670 

— .orthophosphate, 675 

.sulphate, 668 

reparation, 590 
roperiies. chemical, 601 

.—, physical, 691 

' - - pyridine sulphate, 65f 

-quinolido sulp^iate, 669 

-rubidium hydronitraU>, 670 

! --nitrate, 670 

-sesquioxide, 625 

-sodium carbonate, 666 

-nitrate, 670 

-—q)yropho8phate, 675 

-— s^^phate, 667 

-sulphate, 660 

-ba^ic, 051 

-enneahydrated, 653 

--hexadecahydrate, 664 

-hexidiydrate, 664 

■—— 4ulphatooeraie, 660 

— sulphide, 648 

-(tetra) ammonium honasulphate, 669 

—— tetridummide, 608 

-thallous nitrate, 671 

-- zino nitrate, 672 

Lapia lazuli, false, 370 

-plumbarius, 713 

Lapiz, 714 

-plomo, 714 

Larderellite, 3 
l^kteritea, '248 
LazuUte, 164, 370 

^-oalmum, 870 

Lead alumlnate, 297 
-boratodiohloride, 140 ^ 

— borotungatate, 111 ' • 

-oarbule, 885 

-(di) hexaborate, tetrahydrated, 106 

—^— ^boratodiohloride, 140 

-suoalumin^te, 310 

-—• fluoborate, 128 
^xaborat^ 106 


-I Lead, metaborate, 106 * 

i - ^'tetraborate, tetrahydrated# 106 

Leithner’e blue, 268 
I Lettsomite, 154, 353 
Leydenfblue, 298 
I Lherzolite, 298 
’ Linsenerz, 155 
Liroocmite, 165 
Liskeardite, 155 
. Lithia alum, 3f2 . 

Lithium acetylene ^Uandnioocarbide, 849 
-aluminium phosphate, 367 

- — sulphate, 342 

I carbides, 847 

- deoaborate, dqcahydrate^, 66 

-diborate, 65 , • • 

• -■ dooosibromoaluminate,^326 - 

* enneahydropentalanthanate, 628 

- fluoaluininate, 303 

'-fluoborate, 126 

- hexaborate, hexaliydrated, 66 
i hoxaohloroindate, 400 

-hexaohlorothallato, octohydrated, 446 

liexafluoaluminate, 303 

- hydrometaluminate, 287 
isotetrahydroboTod(^ecatungstate,109 

“ - • meta-aluminate, 287 

I - metaborate, 66, 79 

- octohydrated, 66 
I -- octoborate, hydrat^, 66 
I — sodium fiuoaluminate, 306 
! - sulphatoaluminato, 34^ 

I- tetraborate, 65 

i ---pentahydrated, 66 

I ' - tetrabromoaluminate, 326 

— tetrachloroalurainate, 321 
—“ thallic disulphate, 469 

-thallous chlorides, 441 

LOwigite, 353 

Lorandite, 407 
Loransoite, 481, 516, 519 
Luoinite, 363 
Ludwigite, 4, 114 
Luneberg sedativo spar, 137 
Liinebergite, 147 
Liineburgite, 4 
Lutecia, 707 

-isolation, 705 

Luteciiun, 498, 705 

-atomic niunber,‘7U6 

-weight, 706 

-chloride, 707 

-hydroxide, 707 

-isolation, 666 

—*— properties, iOQ 
-—, sulphate, 707 
LUteooobaltio fluobpraie,'> 128 
Lychnis, 296 


M 

Mackintoshite, 516 
Madupite, 631 
Magnalium, 237 
Magnesia alum, 154, 354 
—f — alumhuk-lLoae, 295 

-iron spinel, 154, ,297i 

-spinel, 154, 295 

Magheuum aiumiaate, 295 
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MagueBiuwriununium ftUoya, 235 

^-- 7 --carbonate, 369 

-copper idloys, 2;^7 

- - phosphate, 370 

-- " sulphate, 353 • | 

-boratoferrite, 114 

— - boratophosphate, J 47 

-boratosulphate, hydrated, U 7 , 

j-boride, 26 

-borite, 39 • 

-borohydrates, 40 • * 

-borotungstate, 110 

bromoollylonide, 807 

— bromogarbide, 867 

' — calciumhexaborate, [lexahytlrated, loO 

--•sodinm fluoaluipmate, 309 

■»— oa5j)ide, 887 
—* ceric nitra^, 674 

— cerous nitrato, 671 
— cobalt borate, 114 

— (di) diborato, 97 

-— - hexaborate, 98 

- - — thallous 8ulj)hato, 467 

-diborate, 97 

-- octohydrated, 98 

-trihydieted, 97 

— diboride, 25 

— diborohexahydroxide, 40 
-dibromocarbide, 867 

— ditritaluminide, 236 
-ditritathallide, 427 

-dodecaborato, ootodwahydralod, 09 

--- fluoaluminate, 310 

-fluoboratc, 128 

-gadolinium nitrate, 695 

— - hemithallido, 427 

-hexaborate, lieptahydrate<l, 08 

— - --octohydrated, 08 

-hexadecaboratodibronmlc, 140 

— hexadecaboratodiehlonde, 137 

— “ hexadecaboratodiiodKle, 141 
-hydroxyortholwrate, 07 

— • hypoborato, 38 

-iuotetrahydroborododci-utunghtHlc,! lU 

— - lanthanum nitrate, 672, 

-nieta\)orate, 97 

-motaindate, 398 

-neodymium nitrate, 672 

-^tol^rate, trihydrated, 90 

-octobromoalummate, 327 


Mngtteaium thalloua su\pha<t Att" 

1 -(tn) oclohorate, 98e * 

j - trihemialuininide, 23^ 

1 -tritetritalumiuide, 236 

! • - trithellide, 427 * 

j - zinc alunumdo, 240 

I — - aluimmum ttftoNt*, 240 

' Magnet ito, 296 
' Malacone, 530 
.Makmic anhydride, 905 
ilainelone do Coinouailiw, 529 
Manganese alum, 164, 361 
Iwraeite, 140 

-- borotungKlhu*, 111 • 

carbide, 892 
diboi'ate. 113 
^ibonde, 29 
* diearbide, 892 

liexadeeaboratodibronndc', 140 
hoxu<leeaborato(liehlon<le, 140 
hexal>oratodiH)did«‘, 141 
inetalxiraU'. 113 
nionobonde, 30 
orlhc>l>oiat(', 113 
IKMituborate, 113 
Bi'w<juilH)iate, 113 
Hpinel, 297 

1 tetrahydro-orllH)lM>mU‘,in(mobjdratod, 

! 112 
I titraborate, 113 

' p(‘ntniiydrat<'<l, 113 

' triliydralod, 113 

Irituearbule, 892 
Manganous Hfciylule, 893 
aluiinnat<*, 297 . 

earbule, 893 
: Marignafiti*, 51t) 

Masriuni, 604 
' Matrix tur<|iiois<', 369 
: Meiler, 7-^8 
' Melanocerite, r)H, 62J> 

^ Mollito, 166 • 

Mellitie aiiitydridpl 906 
I Meiuln/.ile, *164, 341 
' Mengito, 623 
Meicurio allyl<'md<*, 869 
Ijorute. 1()(J 
bort)tungslate, 110 
carbiilc*, 868 ^ 

flK’hloroaeetylene. 809 


—- — octochlbroaluminate, 322 
—- octochlorodithallato. bexaliydruleU, 
447 

-orthoborato, 96 

----enneahydi^tod, 36 

-perborate, 120. , 

-potassium hexadecaborate, ennoahy * 

drated, 99 

-praseodymhun nitrate, 672 

—'— ssmarium^nitrato, 672 

-r sesquialuminide, 235 

--sodium decaborato, 99 

—— T-fluoalianinate, 309 

-sulphalumjpate, 332 • 

-(tetra) copper hexaluminide, 237 

-tetratrarate, .97, 98 

-tetraeulphatoaluminate, 354 

-ttialloua oarbqpate, 472 

-chloride, 441* 

-orthophosphate, 478 • 
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«li(lyinium ehlorido, 643 
- diboroevamdi*, 643 
lii-iinthailido, 428 

1iexaoyanotnehloroeeraU% M40 
hexacyunotrichlorolanthanab’, 642 

- liexoili'cachlA-oeerate, 640 
• hexadcH^achlorotanthaiiale, 642 

- - ■ hy&roxyparbide, 869 

- octobromoalummate, 327 
oj^iodoaluminato, 329 

- • timllouM bromide, 451 

-- chlorlfle, 442 

• 'dibromonitrate, 476 
-- - - dichloA>nitrate, 476 

.iodide, 459 

— • nitrate^ 476 
M i ~ yttrium chloride, 681 
|i Mercurou8*acetylide, 869 

- borate, 100 
-"borododocatungstate, UO 
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M&rourous, carbide, 867, 866 
-tetrabroAoaiuminate, 327 

- thallous nftrate, 476 
Mercury •aluminixim alloys, 240 
-ceri\un alloys, 607 

-dithallido, 428 

- ditritaluminicA, 240 

-hoxitathallide, 428 

-yttrium alloys, 680 

Mosoboric acid, 48 
Meta-alumina, 282 
Meta-aluminatos, 2K5 
Meta-aluminic acid, 274, 285 
Motaboric acid, 47, 48 • * • 

Metaceria, 501 

Meta olemouts, 405 
Motaindates, 308 
Metaindic acid, 398 
Metalantlianates, 628 
Metal carbonyls, 050 
Metamerism, 722 
Methanidos, 846 
Meyerhofforite. 91 
Micas, 105 
Michacdsonite, 509 
Miorolito, 519 
Mine de plornb, 713 

-- noire, 713 

Minerals, opt'ning ui>, 545 
Minervite, 156, 302 
Mischmetall, 608 

• Mol*i;t»\ 370 
Molybdiena, 713 
Molybdenum boride, 29 t 

- ■ - carl)ide, 888. 

.carbonyl, 052 

• - hemiearbide, 888 
Molybdie borate, 108 
Molybdous boraU', 107 
Monacite, 523 . 

Mouazit^ 523 
Monazitoid, 623 « 

Monium, 501 
Monoborai\e, 36 
Monotropi(5‘allotropy, 72 
Montobrasito, 155, 367 

^ordant d’alumine, 352 
^orinito, 367 
Mosan^a, 502 
Mo8aQdrite,«51$ 

Mountain bltle, 370 
I Muromontite, 509 
Musite, 621 1 
Mussite, 52^ 


Namaqualito, 154 
Natroalun, 341 
’ Natural smelt, 370 
Nebuliiun, 617 
' KeoooleWnito, 90 
N4bdidynuuin, 601 
MWymia, 626 
■'j p - - - preparation, 588 
Neodymium, 601 * 

—— ammonium carbonate, 666 

—•-nitrate, 671 

•-analytical reaction, 608 

—^atomic number, 622 


Neodymium, atomic weight, 6W 
-bromide, 645 

- — CiBsium sujpliate, 65^ 

-'carbide, 873 

- — la^bonate, 664 * 

-ceric sulphate, 662 

-chloride, 643 . 

-,— hexahydrated, 643 

-monohydrated, 643 

-chloroxalate, 643 

■ diamminoeWoride, 644 
-dioxide, 630 

■ dioxymonocarbonato, 665 
dioxysulphato, 661 • 
dodecammii)ochloride, 64l 

-- - - iluoride, 638 * * 

.heiiadeeamminochloride, 644 * 

hydrazine sulphates 659 

-hydride, 602 

hydroHulphate, 666 
• liydroxide, 628 
• - iodide, 646 
isolation, 551 
magnesium nitraUs 672 

- motaborato, 104 
rnonammi ochloride,.644 

• nitrate, 669 
occurrence, 586 
octarnminochloride, 644 
oxalatonitrato, 670 

- ■ oxychloride, 043 

- oxydioarbonato, 665^ 

- pentamminochloi'ido, 644 

- - pentoxide, 034 

potassium carbonate, 666 
pix'paratioii, 590 

- properties, chemical, 601 

physical, 691 

-- - rubidium nitrate, 671 

- — sosquioxide, 626 

sulphate, 650 

- basic, 661 
oclohydrated, 664 

- ix'iitahydrated, 664 
sulphato(;erato, 660 

sulpliide, 648 , 

- - sodium carbonate, 665 
-totramminochloride, 644 

— - zinc nitrate, 672 
Neo-holmium, 698 • 

Neokosmium, 504 
Neotantalite, 519 
Neoyttorbium, 498 
Nickel boracito,^140 

- boride, 31 * * 

borotipigstato, 111 

•— carbonyl, 953 ‘ • 

— - (di) diborate,* 116 •, 

- iliboride, 32 

• -- dodecabromodidymate^ 645 

- dodocabromolanthanate, 645 
-- graphite, 900 

— hemiboride, 32 C 

I — - hoixadecaboratodibromide, 140 
I - hexadecaboiato dichlocide, 140 
hexadeoaboratodiiodide, 141 
.- ootoborete, deealiydrat^, 115 

■ orthoborate, 115 * 

—— ^ffentafluoaluimnate, heptahydrated, 






Nlokol perboraK', 120 
-— tritacarbide, 001 

Nickelous kcetylide, 901 ’ 

-carbide,,901 

Nigrica fabilig, 713 
Nitrogen carbide, 837 . 
Nitron, 1 

Nitronamblvgoiut<-,M07 
Nitruin, I 

Nohlite, 51() ♦ 

Noir dWtylHK-, 752 
Nojrdofuine, 751 
Noir do vigno, 741# 
Nordenski^imt*, io5 
NordenHlnolditi*, M»5 
Nbrito, J50 
‘Niifiiborg gold. *234 


OchrOito, 507 
OohroiUs 490. 50l 
OdotdoKtd', 308 
Oorxtod’H 313 

OildAg, 753 
Oolitic ore, 24!> 

Orloff (Iwmoiul. 711 
Ortlnt(‘M, opidote, 510 
Orthoboric acid, 17, 48 

.|m'|)Aralion, 19 

Oxyaluiniim. 271 
Ozouito, 119 


J’achnolite, 303. 309 
Paiidermitc, 3, 89 
Paracerie oxide, 073 
l^araluiniiiaU', 33S 
l’araliMninit»‘, 154 
Paraifiito, 137 

Parehnolito, 151 , 

Parisite, (^21, 000 
Patemoite, 97 
Pearl du8t, 219 
Peoslitc, 897 

Pearly coiiKlituciit of nUnil, 897 
Pebble ore,*249 
Peganit<!, 155, 300 
Pontaboron enneahydi l(fe, 30 
Perborates, il5 
I^erborio acid, 115 • 

Perborin, 119 , 

l^rceric ammoiuuin carbonate, 008 

- ]Xita8siun> oarbonalo, 000 

rubidium carbonate, 067 

-sodium carbonate, 008 

Persil, 119 
Philippia, 500 
Philippium, 4970 

PhoDoIita, 631# * 

Phosgene, 902 
Phosphocorite, 523 
Pickeringite, 154, 354 
liodtite, 164, 298 # 

PioroaUuminite, 354 
Pioroallumogene, 854- « 
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j Picroalliimogm, 35 ( 

I l‘icroalumogon, 134 * § 

PuHlra minerai do ploiuti, TI4 
Pilbaritc, 516 
PmakioUUv 4,1 
Phmoite, 4,97 
PiHolitic 249 
: Ptssophaiie, 338 
! I'it charcoal, 748 
[J’ltehblende, 530 
! Pd t diamond, 711 
PlAgio<‘itrite, 154 
j Planerile. 3»t0, 307 
I Platinoiis didvmiuin chloride, 013 
; Plalmuiu bonde, 32 
I dieurbiilo, 902 

boptabromo|)riisi'oilym)ite, 045 
I idcHUnv-ite. 1.54. 297 
j Ploinl) de mer, 713 
I Plmiihaginu, 714 
; Plomb-goiarne. 2t>7 
; Plumlmgo, 713 
' anglii’a. 713 

- Kcriptotiii, 713 

^ PIuuiIk'a gi'A|iln«, 713 ^ 

' Pluudnini nigrum, 713 
, PolylmrHtcH, 47 
, Polyhonc iwidK, t" 

Polyci'MMc, 5lH 
; Polynu'rium, 721 
> Polyinigniti', 517 
Pori’elHin, liot-eost. 304 
; Potash alum, 343 

- gallic alum, J85 

; - thallic alum, 407 . 

PolaHHiuin ARctyJmo caroide, sllt 
j aluminate, 289 

aluminium alloys, 229 
i carbonate, 369 

* liydroxysulphate, 353 

* nitrate, 301 

Kulphate, 34#1 * 

iiliirinnoborato, l(»3 
ann(1oalum^Ht(\ 212 
ainminoalurninate, 289 
horatofluorido, 125 
i boride, 23 

boroliydrates, 40 
iKiryljkliOHpImte, 147 
• cairhuu aluminateM, ‘ilt4 
(•arbide, 847 i 

carbonyl, 951 
I carbund, 847 

1 ®ccric nitrate, 073 • 

j -• — sulphate, 002 

, ceroiw carbonate, 005 

■ • (di) hexasui])hate, 658 

i - octOHulphate, 058 

j • - - X^^titAsulphate, 0^ 

j - - nitrato,*870 • 

I • orthophosphate, 073 

Hu)pliat(% 0 8 • 

* .- (tetra), enneasulphate, 658 

I ' chlorosulphatoalummato, 362 

I • cuprous chlorocarbide, 868 

i - decaboraUf, octohydrated^ 78 
~ diborate, 77 

'-*ditl\fopentaohlorodithaUate, 447 * 

-disuljpmatoalurainate, 842' 

— ^-heptahydrate, 352 
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Potassium disulphatoalumiMto tetrahy* 
drate, • 

-disulphatoftidftte, 405 

-dodecaborato, deoahydrated, 78 

,-onobabromothallate, trihydrated, 452 

-enneachlorodialumin^te, 322 

—• • eimeafluoalurrilnak', 307 
- onneahydropontalanthanato, 628 

— eimaaiodothallate, trihydratad, 461 
-erbium sulphate, 704 

-fluoborate, 126 

-fluodidymateH, 638 

— -- fluo]>orborate, 129 

fluoscandate, 489 • 

homithallide, 426 

— • heptahromoaluminata, 326 ' 

— ■ hoptafluodithallate, 437 

— - hexaborate, 78 • 

— .hexachloroaluininate, 322 

— hexachloroindato, dihydrated, 400, 402 
-hoxachlorothallate, dihydrated, 445 

— hexafluoaluminate, 307 

— hexahydroxydisuljihatoaluniinate, 353 

- hexaliyilroxydisulphatomdato,. 405 
liydrotrifluothallite, 437 
hypoborato, 38, 120 

-- • iHotetrahydroborododecatimgHtate.llO 

— lanthanum cai’bonate, 665 
—— (di) hexasulphate, 658 

' ---octomilphate, 658 

* - -nitrate, 670 

■ h -orthophosphate, 676 

-sulphate, 65^ 

• -magnosium henadw-aborate, eimea- 

hydi^ted, {|9 

— • inetaborate, 17 

— ■ motaphosphatoinetaborato, 70 

— - neodymium carbonate, 666 

- octoborate, 78 

-pentaborate, 78 ‘ 

— -.pentachlorothallale, 446 ‘ 

-pentaflvoaluminato, 300 

-pentanitratothallate, 477 

—- perborate, hemihydrited, 119 

--Kemiperhydrate, 119 

-percerio carbonate, 666 

-perdlborate, 120 

-v^rasoodymium carbonate, 665 

-!_ (di) hexasiilphate, 658 

-sulphate, 668 

-samariutn carbonate, 666 

-pentadecasulphate, 668 

-scandu^m sulphate, 492 

-sulphoMuminate, 331 

-sulphoindate, 404 

-tetraborate, tetrahydrated,* 77 

-tetrabromoaluminate, 326 

-tetrabromothaliate, dihydrated, 452 

-tetr^obloroaluminaie, 322 

-tetraiodoaluminatei 328 

-tetraiodothallate, 461 

-tet^aaulphothallate, 4C t 

—•' thallate, 485 

-thalUo disulpbate, 476 » 

-hydroxydisulphate, 470 

-t^lide, 426 

-thaliouB chlorides, 441 

-trifiuothallite, 487 

„—trihydroborododeoatungBtato, 110 
-r—'yttrium sulphate, 682 


Fraseodidymium, 501 
Praseodymia, 625 

-preparation, 688 

Praseodymium, ^1 

-d^onium carbonate, 6^6 

-nitrate, 671 

-analytical reactions, d08 

— atsmic number, 622 

-weight, 621 

-bromidcl 645 

--hexahyUratfed, 646 

— cjBsiuni sulphate, 668 
— - carbide, 873 

;-v- • carbonate, 664 • 

- ceric sulphate* 662 

— chloride, 642 

-heptahydrated, 642 

--hexahydratetl, 642 

--monohydrated, 642 

- — trihydrated, 642 

• - chloroaurate, 043 

- (di) ammonium hexasulphate, 659 
.— potassium hexasulphate, 658 

- dioxide, 630 

dioxymonocarbonate, 665 
-- dioxy sulphate, 651 

— disulphide, 649 

- fluoride, 638 
I — ■ hydride, 602 

i -■»“ hydroKulphate, 656 
1 - hydroxide, 628 

1 - Iodide, 646 

i -- isolation, 651 

' magnesium nitrate, 672 
inetaborate, 104 
nitrate, 669 
I -occurrence, 686 

— oxychloride, 642 

-- oxydicarbonate, 665 

j -oxysulphide, 649 

: -pentoxide, 634 

i — potassium carbonate, 665 

I-sulphate, 658 

; - preparation, 690 

! - - properties, chemical, 601 

! --physical, 691 

1 — - rubidium nitrate, 670 
1 —' sesquioxide, 626 

-sodium carbonate, 666 

-sulphate, 660 

-basic, 661 

-dodecidiydrated, 654 

- ... hex^ydrated, 654 

— -octohydrated, 664 

—1-pentahydrated, 664 

—sulph^jbocerate, 660 

- -sulphide, 648 ■ 

-ziric nitrate, b72 

Precipitation, fractional, 538 
* Pricelte, 3 
Frinceite, 89 
Priorite, 518 
ProBopite, 164, 309 
Pseudo^alums, 354 
Pseudo-carbon, 721 
Pseudo-galena, 713 
Pseudo-wavellite, 366, 529 
] Pyridine cerium sulphate, 659 

-^thanum sulphate, 650 

Pyroboric a'iid, 47 • ■■ 
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pyrochloreu '519 
PyrocolumbaU', 516 
Pyloconito, 309 • 
Pyrolujsito, 530 
Pyrophoric alloys, 610 
i^rorthite, 569 
Pyrotantalato, 516 
Pyrrhite, 510 


Quartz, cubical, 137 
Quinolmo ccrmu^ Kuljihatu, 06U 
-lanthitium sulphaUs 650 


H 

Kalstoiiitc, 303, 309 

Hare earth Kroup, wpamtion of, 543 

- - • - metals, asU‘roi(l theory, 615 

- - .electroniu slmcture, 618 

position in i>eriochc tabic. 
612 

-valency, 612 
minerals, opi^mng up, 545 
oxalates, 543 
earths, 494 

history, 406 

— .isolation of, 546 

removal thoria, 546 

— - -- iv.solition into oeria amt yttna 

groups, 548 

— - separation l>y fractional crystal- 

li/.alion, 557 

<hstilIation, 575 
• electrolysis, 575 
oxidation, 572 
precipitation, 561 

. - sublimation, 575 

- • physical procoHsos, 575 

— .- - cena earths (James’ pro¬ 

cess), 549 

- yttna earths (James’ pro* 
cess), 652 

Reactions* ahiminothermic, 218 

-thermic, 218 

Roi^Iiquor, 352 
Redondite, 362 , 

Regent diamond, 711 
Reisblei, 714 
Retort, charcoal, 748 
Retzian, 530 
Rhabdophano, 529 • 

Rhodium Iwrste, 115 
Rhodizite, 4, 102, 155, 

Richmondito, 3^2 ' 

Rinkite, 513 
Risdrite, 517 
Rocca, 148 * 

Roche alum, 148 
Rock alum, 148^ 

Rogerium, 504 ^ 

Ro^rsite, 616 
Roman idum, 343 

-alums, 149' 

RoBcherite, 370 ^ 

Rose, 741 * 

Bosenbuschite, 614 . 


Rothbeiae,'362 
Rotzolun, 148 
Howlandite, 621 
Kubioelio, 295 

Rubidia alum, 345 • 

— gallic alum, 385 
- -indium alutn, 404* 

Rubidiimi'acetylcno carbide, 849 
aluminium sulphate, 345 
. carbide, 847 
• -- ceric nitwte, 073 
coroua nitrate, 670 
disulphatoalbmmate, 345 
diaulphatiundate, 404 

• onnt'aUuoauiminatc, 301? 
lluoborate, 127 

hoxabromothaUalc, inunohydrated, 453 
hoxachloroindatc, 400 
hexnc.hlorothallate, 446 
.dihyilraU'd, 446 

• - • inonohydrated, 446 
licxalluoaluminate, 307 
lanthanum (hexa) lu'iiasulphato, 658 

hydronitrate, 670 
nitrate, 670 

iHxidymiiun nitrate, 671 
pentaborate, 78 

is'ntabrtimoindah*, rnonohydratod, 401 
jxmtm'hlorojnilate, monohydrated, 4<H) 
pentai'hlorothallate, monohydrated, 
446 • 

jH'i'cene carbonaU', 667 

- prasoodyniitinf nitrate, 670 
tetraborate, 78 

— hexnhyMrated, 78 
tetrabromothallale,hionoli^drated,462 
tetraiodotlmllate, ilihydraled, 461 
Ihallic diKulphale, 470 
thallous chiondcK, 441 
Uiihy, m, 247 

- balAs, 295 
(spinel), 154. 295, 

-synthesis, 2^9 

Russium, ^>04 • 

Ruthenium dicarbonyl, 961 
Rutherforditc, 617 


S 

• 

Sal Hcdativuin, 2, 4, 48, 49, 6/ 

.— Homls'rpii, 2 

Salaccio, 51 

Saldknite, 333 • 

Samaria, 502, 625 

-preparation* 588 

Samarium ammonium carlmnate, 666 
• • sulphate, 659 
a analytical n'actions, 608 
atomic number, 622 
- * weight, 621 

■ bromide, m 
— —^hoxahydrated, 845 

-carbonate,«664 

-chlonde, 644 

--hexabydrated, 644 

..—- monohydrated, 644 

^ -diamminoohlor^, 644 . 

'-dtdtloride, 644 * . ■ 

-•diiodide, 646 
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Samarium dioxysulphate, 651 * > Scandium occurrence, 480 

-fluoride, ^38 • -orthoborate, 104 

-heiuienneadecamminochloride. 644 : — orthodisilioate. 482 * 


-hemitricosiamminochloride, 645 

-hydride, 602 

-hydropyrophoBphate, 676 

—1 - hydro 8 iflphat% 666 * 

-hydroxide, 628 

-isMtion, 551 

-magnesium nitrate^ 672 

-metaborate, 104 

-metaphosphate, 676 

-monarnminochloridd, 644 

-nitrate, ^69 , 

-occurrence, 686 

-octamminochlorido, 644 

-orthophosphate, 676 

-oxyoMoride, 644 

-pentamminochloride, 644 

-pentoxide, 634 

-potassium carbonate, 666 

---pentadecasuiphate, 658 

-preparation, 690 

-properties, chemical, 601 

-physical, 691 

-ses^moxide, 626 

-sodium carinate, 666 

-sulphate, 667 

-sulphate, 660 

-basic, 661 

-octohydrated, 654 

-j sulphide, 648 

-tetramminoohloride, 644 

-triamminochloride, 644 

-trioholoride, 644 ^ 

-iriiodfde. 648 

-zinc nitrate, 672 

Bamarous chloride. 644 
Samirosite, 619 
Sanoy diamond, 711 
Saphiros, 247 
Sapphire? I 64 , 247 ^ 

-Oriental, 247 

Sassoliu, 3, 49 
SassoUte, 3;'40 
Satin white, 290 
Scandia, 408 
^ Scandium, 480 

— - aflimonium carbonate, 492 
-- sulphate, 492 

— analytflkal reactions, 480 

— atomic disintegration, 487 

--number, 487 

-^ight, 487 

— bromide, 490 

-hexahydrated,al90 

-sesquihydrated, 490 

— carbonate, 492 
-ohlqride, 489 

—'-hexahydrated, 490 

-sesquihydrated, 490 

-exCraotion, 482 

-fluoride, 488 

—halides, 488 
^ — history, 480 

-t^drazine sulphate, 492 

hydroxide, 488 
-~-»hydroxynitrate, 493 

-i80to]^3fl, 487 

—"'.itrate, 493 


I -\)xide,488' 

-<|Mynitrate, 493 • 

!-oxysulphate, 491 

phosphate, 49^ 

-potassium sulphate, 492 

- properties, physical, 486 

.sodium parbonate, 492 

i-Bu^hale, 492 

1 -sulphate, 491 

-dihydrated, 491 

: _— ___ hexahydrated, 491 

— -pentahydrated, 491 

1--— tetrahydrated, 491 

;-sulphide, 491 

-sulphuric acid, 491 

-trihydrosulphate, 491 

Schanyawskite, 275 
Schorl, 4 
Schimgite, 718 
Scovillite, 629 
Seadead, 714 
Sedative salt, 2 

— spar, Liinberg, 137 
Sel alumineux, 150 

--—• blano des alchemistes, 2 

— sale, 2 
-sedatif, 2 

-urineux mineral, I 

— - — volatil de borax, 2 

Self-oxidation, 812 * 

’ Separating element, 541 
Serpentine, 631 
Sesquimagnesia alum, 354 
Shanyawskite, 275 
Silicon borate, 100 

• • carbide, 875 

-- carboxides, 884 

(licarbide, 870 
(lioxyoarbide, 884 
.dioxytricarbide, 884 

— - • lioxaboride, 27 

— hexaferrocarbide, 884 
-- - monocarb’ide, 876 

— — oxycarbide, 884 
— oxydicarbide, 884 

• -- pentatritacarbido, 875 

-triboride, 27 , 

— trioxycarbide, 884 
Silique, 712 
SillimanHe, 165 * 

SiUmdum, 879 

Silver allylenide,* 866 • 

-alum, 341, 345 

*—alumiiiide, 233. 

' —Aluminium*, *233 

-alloys, 232 

. --phosphate, 370 

-sulphate, 341, 34fl 

—— and thallium, 426 
-boride, 24 ^ 

— bqrotungstate, 110 

-bromatocarbide, 865 

-carbonyl, 951 

-ceric sulphate, 862 

, *— cerium allo;^, 606^ 

-chiorooarbide, 855 

— ^chrqpiatooirbide, 855 
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Silver dtniiAtocarbide, S55 

- disulpnatoaluminate, 345 

- ^ ditritaluminido, 232 

- enn^adecasulphodccahitninatc, 321 

- fluooarbide, 855, , | 

- hemialuminide, 232 

- - hepiabi'omoaluminaUs 32(i 

■ - ioaocarbido, 855 

isotetrahydroborodwU'oatungMfate, 110 

- - metaborato, 85 

■ — nitratocarbide, ^55 ^ { 

• ' oxyiodoaluminate, 329 

- — pentachlorothallato» 440 

- - perborate, 120 

— perchlaratocarbide, 855 • ' • 

— phoaohatycarbido, 865 
«— sulpnatocarbide, $55* 

• --W sufphoindate, 404 

— tetrabromoalummat<\ 326 
-tetrachloroalummate, 322 

- - thallous sulphide, 463 

trialuminide, 232 
Sipylite, 517 
Sirium, 504 
Smalt, natural, 370 
Smorgel, 247 
Smirgel, 247 
SmiriB, 247 
Soda alum, 342 
--alunite, 353 

Sodiiun acetyhni" carbide, 817, 819 
-allylenide, 850 

- - aluminate,4188 

- • aluminium alloya, 229 
.— carbonate, 359 

_- - hydrosyaulphate, 353 

. - piioHphate, 367 

.pyrophosphate, 367 

Hplphate, 342 

amidoaluminate, 212 

- biborate, 68 
liorate, ba'^ic, 66 
boratoftuoride, 124 

- boride, 23 

- borylpbtfsphate, 147 

Iwrylsulphate, 146 • 

oalcihm and aluminium fluoride?, 30H 

bexaftuoaluminate, hydrated, 7<i9 

- - - magnesium fluoalumiiiale, 3U!> 

• carbide, 846, 847^ 
carboayl, 051 

- ceric giilphate, 662 
cerium luloys, 606 • 

• ceroiw* carbonate, 665 
-(di) hexafulphate, 657 

--nitrate, 670 

— orthophosphate, 675* 

— -pyrophdspliiate, 675 . 

~ - sulphate, 667 

-(tetra) enneasulphate, 657 

— decaboraie, decahydrated, 77 

— diborate, 02, 67, 68 

_—— monobydrated, 66 

--ooto^drated, 67 

-tetnmydrated, 67 

— dioaloium decaborate, hexadecahy 
drat^, 03 

_ octohydrated. 94 a 

— disulphatoaiifininate, 342 • 

— — bexade<^ydrate, 346 


Sodium iMMdeoahydrate hex*hydr»t«, S5S 

-disulphatoindate, 405 

- - dodeoaborate, 77 * , 

.onneachk>rodial«inmate, 322 

_enneahydrofJ^talanthanate, p28 

erbium pyrophoaphato, 704 
fluoborate, 426 ^ , 

- fluosoendate, 489 

- godoliniuiu sulphate, 694 , 

liemithalhde, 426 

. - hopUbromoahiminate, 326 

- (hexa) thallide, 426 
hoxaborate, 10, 76 

- ' hoxachloroaluminate, 322 , , . . 

_hexachlordlliaUate, dodeoahydrated, 

46 

— hypoborate, 38, 120 

isotet rahy droborododecat ungst ate, 100 

• ~ lanthanum carbonate, 665 
. ~ lanthanum nitrate, 670 

- lithium fluoalumlnate, 803, 304, 306 

— pyrophosphate, 675 

— sulphate, 657 

_magnesium decaborate, 99 

. . ...— fluoaluminate, 309 

- metaborate, 67 

- motaphosphatometaborate, 79 
monoaluminate, 288 

— -neodymium carbonate, 665 

— octoborate, 70, 70 
-pemtaborate, 76 

perborate, 116 
_pcrccric carbonate, 668 

- • pertetraborate, 120 

]>ra8eodymi\>m carbonate, 066 
Mamarium carbonate, 666 i 
sulphate, 667 
scandium carlxmate, 492 
- sulphate, 492 
Hulplioaluminate, 331 
sulwhoindate, 404 

- (totm) cupric (tetra) octodec^borate, 
tetraborate;decahydrated, 68, 70, 

- -dihydrated, 74, 672 . 

__pontaborate, 70 

tctrabromoaliiminale, 326 . 

- - totrachloroaluminate, 321 

totrahydroborododecat imgHtaW*, d 09 

- totraiodoaluminatc, 3^9 

• - tolramidoaluminate, 249^» 

- thallio disulphate, 469 
thallide, 425 

- ^thallous chlorides, 441 • 

- trialuminate, 288 

- tricosibromoalummate, 32tt 

. - ytterbium pi^ropliosphate, 708 

- - yV^rium carbonate, C83 

.-- .. pyrophosphate, 084 

-sulphate, 682 

_- sulphide, 681 

Solfatarite, 33^ 341 
Sonomaitp, 15^ 

^umansite, 367 
Spanish Mack, *49 
, Spar, ndamantiiie, 247 
Spharite, 367 
Spinf^, 16^4, 295 

-chrome, 154 

—— iron, 154 





im 

Spmel iron magnesia, 154 
—— manganese^ 297 
—- magnesi^l 1|4, 295 

-iron, ^7 

-precious, 296 

-rutfy, 164, 296 

-- zinc, 164 

Spin^, 275 

Spodiosite, didymium, 675 
Sporo^lite, 276 
Stannic barium borate, 105 

-calcium bordte, 106 

“ - heptabromocerate^ 545 
—- strontium borate, 105 
Stannous borate, 105 • 

Star of the South diamomt, 711 • 

Stassfurtito, 137 
Steel, pearly consUtuent, 897 
Steenstrupino, 612r 
Stove charcoal, 748 
Strontium aluminium pyrophoHplm‘’»), 370 

— - boride, 24 

-- carbide, 860 

— • • carbonyl, 961 

-decaboratodibj'omide, 141 

— (di) diborate, 87 

-diborate, 87 

-dihydrated, 88 

— - —pentahydrated, 88 

.. - tetrahydrated, 88 

-dodecaborate, 03 

-fluofduminatc, 308 

— flhoxaborate, 92 

— -isototrahydroborododecatungstate, lU) 

- • motaborate, 87 « 

metal^minato, 293 
ootoborate, heptahydratcd, 93 

'-octochlorodithallate, hexahvdmtcMi, 

447 

— octodccachlorodialuininaU', p22 

— orthoborate, 87 ^ 

-per|;|orate, 120 

-stannic ^Dorate^ 105 

-- sulpbaluminate, 331\ « 

-^ teirabprate, 91 

--—^ tetrahydrated, 92 

-thallous chloride, 441 

a-(tri) decaborate, heptahydrated. 80, 91 

——dialuminate, 291 
Stuvenite, 342 
Stypterite, 3^3 * 

Sugar chared, 747 
Sulphatoaluminic acid, 336 
SuIphalO'xeaotime, 528 
Sulphoboritd, 4 

Sunodialuminique hydrate, 337 
Sulphometaboric acid, 149 
Supoher, 750 
Sussexite, 4, 113 
Svan^rgite, 165, 370 
Synaaelphite, 155 ' 

Synohisiie, 522 
* mibelyite, 4, 97 


T 

Tamarugite, 341 
TantiUum o^bide/ 888 
Vautolite, 509 * 


INDEX 

Tavistockite, 165, 370 
Temper carbon, 739 
Tengerite, 521 
Teni^par, 607*’ • 

Terbi^^497, 693 

-isolation, 688 

Terbium, 686 

-atomic number, 690 

:-^ weight, 690 

bromide, 694 
-carbone|e, 695 

• chloride, 695 

-family earths, isolation, 68^ 

— hydroxide, 693 
-Mr - isolation, 653 

-nitrate, 696 • 

- occurrence, *686 
—- oj^chloride, 694 

— - • peroxide, 693 

— projierties, 688 
sesquioxide. 693 

Terra oalcaris, 150 
Torre argilleuse, 150 
Tetraboric acid, 47 
Tetraboron peutoxide, 39 
—— trioxido, 39 
Tetragophosphite, 370 
Tholenito, 612 

Thallibromschwefelsaure, 470 
Thallie ammonium disulphato, 469 
--trisulphate, 469 

— - bromide, 461 

* —-monohydrated, i452 

- — tetrahydrated, 461 

— cajsium disulphato, 470 
chloride, 442 

I • dihydrated, 442 

j -monohydrated, 442 

j — - - tetrahydrated, 442 

I •• ■ chloroiodide, 459 
; — decamrainosulphato, 469 

• Huodibromide, 463 

I-Ouodichloride, 447 

I-trihydrated, 447 

j-fluoride, 437 

; -hydronitrate, 477 

-hydrosulphate, 469 

— - hydroxide, 431, 436 

-hydroxysulphate, 469 

-iodide, 460 , 

-lithium disulphide, 469 • 

— - - (mota) hydroxide, 431, 434 
-mqnobromodichloride, tetrahydrated, 

453 

—r-nit«e, 471 
I-ortTOphosphaie, 479 

— --'basic, 479^ 

I -- oxide, 430, 433 ' * 

i - - oxyfluoride, 437 
^ - - oxyhydroBulphate, 469 

* — — peroxide, 430, 486 • 

-- potash alum, 467 

- potassium disulphate. 470 

-hydroxydisulph^, 470 

-rubidium disulphate, 170 

-sodium disulphate, 469 

-sulphate, 468 

-p-heptahydrated, 468 

* -sulphates, eomplei^ 469 

-Sfilphide, 463 
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Thallic Buljttiuric acid> 4^9 

^^.raminino^uodibromido, 463 
^^fran^niinofluodiohloride, 447 
triam'minobromi<l«^ 452 / 

I'hftllium, 40(i • M 

— - amalgams, 428 

- analytical reactions, 423 

-- and aluminium, 429 , 

-— cadmium, 428 

- • copper, 428 

- -Rold, 427 • • 

— - indium, 429 

--Silver, 428 

--427 

- atomic njmiber, 424 

-- weil^ht, 424 , 

- baaic aulp^atos, 489 
’ • borido, 26 

- borotungstate, 110 
bromides, 4.'><) 

- carlwnatcrt, 471 

- ceric sulphate, 082 

-chlorides, 438 

-colloidal, 410 

.dibromide, 45,3, 466 

.dibromochloride, tetrahydraUd, 463 

dichloride, 448 
-- dihydrofluorido, 437 

-dioxide, 436 

-extract ion, 408 

- fluoride, 336 
- history, 40t^ 

- - iodides, 4ij8 

— - isoto|)e8, 424 

— monochlonde, 438 

-nitratiis, 472 

-occurrence, 408 

-oxides, 430 

-pentaliydrotnphosphate, 478 

jiontairimmotrichlorido, 444 
—- {KmtaBiilphide, 484 

— - - phosphates, 477 

-properties, chemical, 419 

.., physical, 411 

—sosquioromide, 463 *, 

-sesquichloride, 447 

-sesquiodide, 480 

•-suboxide, 430 

— « sulphates, 485 

-sulphide, 462 • * 

-(tri) itydrosiilphate, 468 

-— tetrabromodichloride, 468 

-tetrachlorodioromide, 457 

-tetraiodide, 460 Jk 

-tribromdtrichloVide, Mn 

-triamminotrichloride, 44^ • , 

-trichloride, 442 • • 

-triiodide,»460 

-tritaantimonide, 422 

..— tritsbisrauthide, 422 

-tritapenfobUmuthide, 422 

-uses, 423 

Thallosic bromMe, 463 
- -chloride, #47 • 

- iodide, 460 
-nitrate, 476 

. . . ;■ oxide, 430, 432 

-i—^ rolpbates, 4#8 

— aphides, 404 * * . 

-trinitorosyl ehlorid% 432, #48 


) T^dloeoihidlio sulphates, 46e 
Thallous ailuminato, 297,^3^ 

-aluminium disulphatd, 467 

-ammonium phiMphate, 478 

-auric nitrate, 476 * 

barium chlpirides, 441 
broin;de, 460 

bromosulpItatothaUate, 470 
- cadmium chloride, 441 
^ calcium chloride. 441 

-- disulphate, 406 

enrbonati', 4yl 
cerous nitraU\ 671 
sulphite, <>60 
chloride, 4^8 
chloroaurato. 441 
chlorothallate, 447 
cupric sulphate, 4#B 
dcH‘al>ora1e, 103 
dibroiiu>totra(‘hlorothallat<\ 4i 

• dihydroiutrate, 476 

'• tlihydrophosphate, 478 
dihyilropyrophosphate, 479 
(hmagniMium sulphate, 4i'n 
do(h‘cal)orale, I(t3 
dodecatluoaluimnaUs 310 
oniieafluoaluminate, 437 
ethoxide, 431 

fluoride, monohydrated, 430 
gallic aluii), 467 
gallium disulphate, 467 
he)>tabr«)moaliiminaU% 467 
heptachlorualuminato, 442 
heptasulphi^tosulphati*. 46<) 
hexaboraU’, U)3 , 

hexachlorothallate,‘449 / 
hy<irocarl>oiiat<‘, 472 
hydrofluondc, 437 
hyilrophosphate, 478 
hydioHujphate, 467 
hyftroxide, 430, 431 
colloidal, 431 
■ lodidi*, HriS* 
lantnamim*nitrate, 671 
inagncHiuin carbonate, 4t2 ' 
chloride, 441 

- - ortliophosphah*, 478 ’ 

sulphate, 487 
mercuric bromide, 461 
% chloride, 442 * 

dibroinonilrate, 4W 
• dichloronilrate, 476 
iodide, 469 , 

• - nitrate, 478 • 

• -- mercurous nitrate, 476 

- - mciaborat#, 103 

— - itietaphosphato, 479 
-nitrate, 472 

• octoborate, 103 , 

orthophosphate, 477 

— “oxide, 430, 431 

pentaboAte, 103 
' jierftaiodide, 461 

-I>er#asulphocnpra<e, 463 

—- perborate, 120 

— - pyrophosphate, 478 

--dihydrated, 479 

—- siller sulphide, 4d3 •; * 

-strontiiun chloride, 4111 I 

, —•- sulphate, 466 
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Thallous sulphatothallate, 468 
— sulphide,062 

-- colloid^, 462 

-tetraborate, 102 

-tetiUbromoaluminate, 467 

-— tetrabromodichlorotF^llate, 460 
—totrachloroaluftiinate, 442 , 

-tetrachlorothallate, 440 

-thallisulphate, 468 

-triamminobromide, 461 

-triamrainochloride, 441 

-triamminoiodido, 4^9 

-tribromotnohlorothaJlate, 466 

-trihyrtrouitrate, 475 j 

— - triioflido, 461 • 

-trisulphocupraU', 463 

— ■ vanadyl oxyehlorido, 432 
-zinc chloride, 441 

“—-Bulphatc, 407 

Th^nard’a blue, 208 
Thermit, 218 
Thermite reactions, 218 
Thomaonolito, 164, 303, 309 
Thonerde, 160 
ThonichUi Enle, 150 
Thoria, 501 

-removal rai*e earths, 640 

Thorine, 501, 627 
Thorite, 630 
Thorium boride, 28 

-carbide, 886 

-thexaboride, 28 

-octoborato, 104 

Thorogummito, 616 
ThortveititiL 481 
Thidia, 702^ ^ 

-- - isolation, 698 
Thulium, 498, 696 

— • atomic number, 700 

--weight, 699 

-carbonate, 704 

-chlo)'ide« 703 , 

-. hydroxide, 703 

-*■ isolation, 664 

-- nitratdj 704 

— occurrence, 696 

-oxide*, 702 

-^properties, 698 

-sulphate, 704 

Tiers-argent, 2Sfl 
Tin boride, ^ 

—'— caloite, 03 

-carbide. 886 

Tincal, 1, 3 • 

Tincar, 1 
Titanite, 631 

-euoolitic, 612 

Titanium boride, 27 

-carbide, 884 

Titanboerite, 614 
Tiaa, 93 

> Tomeboftroite, 609 
Tonerde reine, 338 
Topai* Oriental, 247 
Toitelite, 531 
Tounn|kline, 4 
'Triboiwe, 36 
Triborenej 34 ^ . 

'(ritoxnite, ^4 * 

T^1|dito, 166, 366 


INDEX 

* Tseheffkmite, 614 

Tschermigite, 164, 342 
Tungstein, 496, ^07 
Tun^^n, 507 

-obride, 29 

-carbide, 890 

-hemicarbide, 889 

-tri^acarbide, 890 

Tungstoborique acide, 108 
Turkish boraaite, 89 ^ 
'rumerite, 625 • 

Turquoise, 166, 368 
- bone, 368 
—r-i- matrix, 369 
I'yrite, 616 
Tysonite, 622 * 


Xj 

Ulexite, 4, 93 
Ultramarine cobalt, 298 
Uralorthite, 509 
Uraninito, 630 
Uranium borotimgstate, 111 
— carbide, 846 

-dicarbide, 890 

- — hemitricarbid^, 890 
Uranoniobito, 516 
Uranotantalite, 616 
. Uranyl perborate, 120 
Urbaite, 407 
Urdite, 523 

V 

Vanadium borate, 107 

-bovotungstate, 111 

-carbide, 887 

Vanadyl borate, 107 

-thallous oxychloride, 432 

Variscite, 155, 302 
Vasheggite, 366 
Vasite, 609 

Velvet copper qie, 353 
Vestium, 604 
Vichito, 362 
Victoria diamond, 711 
Victorium, 601 
Vine black, 749 
Volkerito, 164 
Volknerite, 296 
Voltaifce,*154 
Vonsenite, 114 
Voraulite, 370 * 

• w 

•Wardite, 367 
Wasite, 609 
Wasmiura, 504 
Water-glass, boric acid, 76^ 
Wavellite, 166, 274, 366 

-lime, 366 

-pseudo, 366 

Websterite, 338 
I \f einschenkite, 629 
Welsiunf, 603. 691 * 

Whet^ne.^imeiyan, i47 



Wiikito, ifi/ S19 
WifMmo, S37 
Woobeimte» 249 * 
Wbeibyite,' 623 
Wolfraouie, 630 
Wood chorcoA, 748 
Woodwordxte, 164, S 
Wyomiagito, 531 


Xanorthite, 609 
Xantlim, 871 
Xenotime, 027 

— 8ulpb6rto/828 • 

Y 

Ytterbia, 496, 498, 706 

-isolation, 706 

Ytterbito, 496, 608 
Ytterbium, 705 

-atomic number, 706 

-— weight, 706 

-borato, 103 

-bromide, 707 • 

-carbide, 873 

-carbonate, 707 

— chloride, 707 
-hydroxide, 707 

-hydroxycafl^onate, 707 

-iiM>lation, 656 

-motaphosphato, 708 

-nitrate, 707 

- orthophosphate, 708 

-oxide, 706 

-oxychloride, 707 

-pfopertien, 706 

” — flodium pyrophosphate, 708 

-sulphate, 707 

Yttria, 497, 680 

-extraction, 676 

-spar, 62'f 

“■— stoniL 497 
Yttrialite, 608, 512 
Yttriogamot, 612 
Yttripm, 676 

-amalgam, 680 , 

-ammohium carbonafe, 683 

-sulphate, 682 

-analytical reactionst 679 

-atomic number, 680 

--weight, 680 • 

—-t bromide, 681 . 

-carbide, 873 , . ’ 

--— carbonata,.682 • 

-chloride, 681 

—— dioxysulphate, 682 

-fluo^rat^ 128 

-fluoride, 681 

—hydrazine adphate, 682 

— hydrophommaie, 684 

—^ hydropyro^iosphate, 684 
-hydrosulphpte, 682 

— hydroxtoe, 681 

-— colloidal^ 681 

—.— iodide, 681 

— isolation, 663* . ^ , 


INDIX 


Atrium isotopes, 680 

mercuric obloride, 6^1 ^ 
mproory alloys, 681" • 

•—-^^letaj^ospliate, 084 

— — ^rate, 683 
~ odurrence, 676 

-orthodisilicate, 61]( 

-orthophosphate, 684 

— oxide, 680 
-•oxynitrate, 683 

' ])eroxide, 681 

-potassium sulphate, 682 

pj-eppration^TS *^4 

— • pro|>erlie(»i^79 y 

pyrpphosp^te, 
sodium carhunato, 683 
pyrophosphate, 684 
- sulphate, 682 

sulphide, 681 
sulphate, 682 
sulphide, 081 
Vf(rocalcite, 620 
Yttroeerite, 620, 638 
V’ltroerasite, 613 
Yttrolluorite, 620 
Yttroguiurmte, 516 
Yttroilmenite, 516 
Yttrotantalite, 497, 6ltt 
Yttrotitonite, 612 


Z 

Zaliuin, 239 

Zopharovichite, 185, 3<12 ’ 

Zinc ahiin, 364 ^ 

ahiininale, 296 
aluminite, 354 
Hliuntniuin alloys, 237 
• * copper alloys, 240 
- * magnesium alloys, 240 
phosphates 371 
■ sulphoie, 354 
alunite, 164* 
and thallium, 427 
boracite, 140 
• Zircon, 530 
I Zirconium borah', 106 

t -basic, 106 

0 ^- boride, 28 • 

— borocarbide, 28 
borotungstate. 110 

- carbide, 867, 885 
-^eric nitraUs 674 
^cerous nitrate, 672 

- ' decafluodieogate, 638 

- diborato, 100 

■ ■ diCarbido, 885 
j w - ditritaaluminide, 238 , 

I dodecabromolanthauate, 646 

- dlidocaiodolanihanate, 646 

• enneabroqpDdidytnate, 646 * 

- fluoUcrate, 128 

'— gado|iniun%nitrato, 695 

-hexadocaboratodibromide, 140 

hexadecidxiratodichloride, 140 
—— hexad^aboratodiiodide, 141 
—■ Hmthwum nitrate, 

.— m&fpi&aum aluminide, 424(|[ 
—-wme^bonte, 100 : 
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Zirc(»iiimi neodymium nitrate, fiiS Ziroohium perborate, 12u o 

-- ootoborf^ deoahydrated. 100 \ praseodymium nitrate, 672 • 

--monoli^dtated, 100^ '-■ samarium nitrate, 672 

-octobromoaluminate, 326 / -»—-^KwquibomW, 100 

-ootabhlorodithallate, hexah/drated, ---—unnei, 1^ 

447 t , r- -8u!fur4,620 ■■ '' 

octodccachIo]^teiralbmjiMie,.322 -— tetraborate, tetl^ydUrated, 100 

.octofluoaluminate, 310* ' ' -thallous chloride, 441 

-orthoborato, 100 —-sulphate, 407 

-pentaborato, 100 . — (tri) ^tn»borat^,.100 

— |>enta6uoaluminato, hoptaliydrated,” Zirkelite, 6301. • 

310.,' Zisium, 239 
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